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PREFACE  TO  THE  FOURTH   EDITION. 


The  prejMiration  of  the  present  edition  has  been  rendcrod  diffi- 
cult by  the  mass  of  important  work  that  has  appeared  in  the  last 
two  or  three  years.  Never  before  has  there  been  a  period  of  such 
activity  and  prothictiveness.  The  task,  therefore,  of  selecting  that 
which  will  pntve  lasting  has  not  been  an  easy  one.  The  author 
has  constantly  kept  l)cfore  him  the  necessity  of  incorporating  only 
tiemonstrated  facts,  and  avoiding  unproved  hypotheses.  The  sec- 
tion of  the  Ixtok  dealing  with  General  Pathology  has  naturally 
nHjuireil  the  greatest  care  and  has  been  most  extensively  revised, 
several  of  the  inip(»rtant  chapters  being  practically  rewritten. 
Among  the  subjects  that  have  most  needetl  revision  are  :  Ehrlich's 
theories  of  Immunity  and  allied  processes,  the  chapters  on  Inflam- 
mation, the  bacterial  diseases,  including  especially  Typhoid  Fever, 
TnlM.'rculosis,  Yellow  Fever,  and  Dysentery,  and  that  on  Diseases 
of  the  BIockI.  The  second  lialf  of  the  book  (Special  Pathology) 
has  lK*en  subjected  to  considenible  revision,  although  extensive 
aIti'ration<  have  iiere  not  been  so  necessary  as  in  the  first  por- 
tion of  the  lKM>k. 

In  previous  (nlitions  the  author  has  omitted  all  discussion  of 
the  tM-lmic  of  pathologic  methods.  Some  criticism  has  been 
IkismmI  n|M>u  this  attitude,  aiul  it  has  therefore  seemetl  <lesirable  to 
incin<le  in  the  present  e<lition  a  chapter  on  this  sulyect,  giving 
briefly,  for  the  siike  of  conipleteness,  the  most  ini|K)rtant  methods 
at  prfs<>nt  in  use  in  the  stu<ly  of  j)athology,  and  including  only 
those  metho<ls  ea|)itblc  of  giving  satisfactory  results. 

Many  of  the  illustrations  have  been  replaced  by  new  ones,  and 
a  nunilKT  of  plates  have  been  added  where  more  ample  illustra- 
tion has  seemed  desirable. 

ALFRED  STENGEL. 
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PREFACE, 


Ix  writing  this  book  the  author  has  tried  to  present  the  sub- 
ject of  Pathology  in  as  practical  a  form  as  possible,  and  always 
from  the  point  of  \-iew  of  the  clinical  pathologist.  Considerable 
parts  of  the  book  were  first  prepared  and  used  as  the  basis  of 
demoostrations  upon  clinical  pathology  for  students  of  medicine ; 
prominence  is  therefore  given  to  pathologic  physiol(^',  and  dis- 
curfsiveness  and  citation  of  authorities  are  avoided. 

Except  in  a  few  instances,  discussion  of  methods  of  examina- 
tion has  been  omitted,  because  it  seemed  unwise  to  increase  the 
size  of  the  book  with  matter  that  is  appropriately  presented  in 
special  works  on  technique.  For  similar  reasons  the  author  has 
decided  to  exclude  the  pathology  of  the  skin  and  of  the  organs 
of  special  sense. 

Controversial  matter  has  been  avoided  as  much  as  possible, 
excepting  in  certain  parts  of  the  sections  on  Greneral  Bacteriology 
and  on  Neuropathology',  in  which  it  seemed  proper  to  discuss 
conflicting  theories. 

Fnll  use  has  been  made  of  works  on  pathology  and  of  special 
monographs  in  English  as  well  as  in  French  and  German. 

The  author  is  greatly  indebtetl  to  Dr.  Samuel  S.  Kneass  and 
Dr.  Alonzo  E.  Taylor  for  assistance  in  the  sections  on  General 
Bacteriology  and  the  Degenerations  in  Part  I.,  and  especially 
to  Dr.  Joseph  Sailer,  who  prepared  almost  wholly  the  sections 
f»n  Neuropathology.  Acknowledgment  is  also  due  Mr.  Thos. 
F.  Dagney,  of  Mr.  Saunders'  editorial  office,  for  his  uniform 
courte:-y  and  assistance  in  many  ways,  and  Mr.  R.  W.  Greene 
for  the  preparation  of  the  Index. 
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GENERAL  PATHOLOGY. 


Pathology  is  the  science  tliat  ileals  with  disease  in  all  its 
aspects.  It  includes  the  study  of  the  causes,  the  manitl'stations, 
and  the  results  of  disease. 

Three  important  subdivisions  of  the  study  of  patholofjy  are 
recofjnized,  viz.,  eiiuhyti,  or  tlie  study  of  tlie  causes  ofdisea.se; 
morhi'l  or  patholiyir  (iinitoiiii/,  the  study  of  the  .<truetural  eliangea 
in  disease  ;  and  iitorhid  or  pnthoht/ii'  phi/Hiolor/i/,  the  study  of 
disturbances  of  function.  In  the  latter  group  is  inehtd<'d  prttho- 
logic  chemiMi'ij,  jus  niurbitl  clieniical  action  and  its  results  are  the 
ontcoine  of  tlisturbeil  fuiictinu. 

I'atliology  may  l>e  divided  into  (general  and  Kpcfiaf.  pathology. 
The  former  treats  of  causes  of  disease  and  j>albnlogiu  processes 
irrespective  of  any  individual  part;  the  latter  deals  with  the  causes 
or  processes  in  individual  <lisea.ses,  organs,  or  part.s. 

Disease  itself  may  be  dotined  as  abuormality  in  structure,  in 
function,  or  in  both  combined.  It  is  doubtful  wbctlier  alteration 
of  function  can  ix-cur  without  some  alteration  in  structure,  but  it 
fri'cpiently  happens  that  functional  <iisturbanees  are  present  though 
no  structural  alterations  are  discoveral)le  even  by  the  most  precise 
.methods  of  investigation. 

k  Tlie  st/iiijitoms  of  diiiiiisf  are  the  expressions  of  abnormal  func- 
tional activity,  and  are  therefore  jtmiH-rly  discussed  under  the 
head  of  pathologi<'  physiology  ;  Ijut  they  ;ire  so  imimrtant  from  a 
practical  st;indjH>int,  and  form  so  extensive  a  subject  of  inves- 
tigation, that  tliey  are  usually  considered  apart  from  pathology, 
in  special  treatises  dealing  with  diagnosis  and  the  practice  of 
medicine. 
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Pathology  is  the  scicnco  that  ilcals  with  disease  in  all  its 
asijocts.  It  includes  the  study  of  the  causes,  the  manifestations, 
and  the  results  of  disease. 

Three  important  subdivisions  of  the  study  of  patholo);;y  are 
recognized,  viz.,  etiohxpj,  or  the  study  of  the  cau.ses  of  disease ; 
morbid  or  pniholor/ic  anatomi/,  the  stiuty  of  the  struetund  ehanges 
in  disease  ;  and  morbid  or  pathofof/if  jilii/sio/of/i/,  the  stmly  of 
disturbances  of  funetion.  In  tlie  latter  group  is  ineliided  pnfko- 
loffie  rhemiMry,  as  morbid  eheinieal  action  and  its  results  are  the 
outcome  of  uisturbed  funetion. 

I'atiiology  may  be  tbvidcd  into  (jcncral  and  itpevini  jKitliology. 
The  former  treats  of  eauses  uf  disease  and  patliologii-  processes 
irrespective  of  any  individual  part ;  the  latter  deals  with  the  causes 
or  processes  in  iiniividual  diseases,  organs,  or  parts. 

Disease  itscll'  may  be  defined  as  abnonnality  in  structure,  in 
funetion,  or  in  both  combined.  It  is  doubtful  whether  alteration 
of  function  can  occur  without  some  altenition  in  structure,  but  it 
frerpiently  iiappens  that  tnnetioual  disturbances  are  present  though 
DO  structural  altf-ratiiins  are  discoveraljle  even  Ijy  the  most  precise 
methods  of  investigation. 

The  symptoms  of  disease  are  tlie  expressions  of  abnormal  fime- 
tional  activitv,  and  are  therefore  projicrly  discussed  under  the 
head  of  pathologic  piiysiology  ;  but  they  are  so  imjiortant  from  a 
practical  standiKiint,  and  form  so  extensive  a  subject  of  inves- 
tigation, tliat  tln'V  are  usually  considered  apart  from  pathology, 
in  special  treatises  dealing  with  diagnosis  and  the  practice  of 
medicine. 
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TEXT-BOOK  OF  PATHOLOGY. 


CHAPTER  I. 


THE   ETIOLOGY  OF   DISEASE. 

The  causes  of  disease  may  be  flassifiod  as  prcdiitpomtg  and 
determining.  The  f'ornuT  prepare  the  system  or  jMirt  by  rendering 
it  weaker  and  less  resistant;  tlie  latter  are  tbe  iitiiiiedii>te  or  spe- 
cifie  causes  uf  disease 

Predisposing  Causes. — The  normal  system  is  abie  to  cope 
with  the  tletermiiiiu<;;  causes  of  disease  to  a  certain  point  by  its 
gencnd  vitality  ami  regulative  functions.  Tii'us  heat  and  cold 
may  pn>ve  harmless  if  not  too  intense  or  prolonged.  In  the  case 
of  e.\|xjsure  to  heat,  tlie  superti<'ial  capillaries  liceonie  dilated, 
sweatinj;  increases,  and  tliere  is  incrcasc<l  heat  dissipation  from 
the  surface  at  the  same  time  that  increased  respii-ntory  function 
occasions  evapor.ition  and  loss  of  heat  tlirough  the  Inngs.  In 
the  case  of  exjMDsurc  to  cold,  increased  muscular  exercise  leads  to 
greater  heat  production,  while  contraction  of  the  superficial  blood- 
vessels restricts  the  elimination  of  heat.  When,  however,  a  cer- 
tain point  of  intensity  is  reached  iu  the  ease  of  lieat,  cold,  or  other 
causes  of  disease,  the  normal  orgjinism  is  unable  to  oppose  sutB- 
cient  resistiince,  and  ilisease  or  injury  results.  The  degree  of 
resistance  differs  in  different  individuals,  in  different  races,  or 
people  living  under  varying  elinmtic  conditions,  etc.  In  some 
the  degree  of  resistance  may  be  so  great  that  certain  diseases  are 
never  contracted.  The  term  immmiitt/  (7.  v.)  is  applied  to  this  state. 
In  other  persons  there  is  a  recognizable  weakness  of  n'sistance  in 
one  direction  or  another  M"hicli  constitutes  a  detinite  prtdlitpmition. 
The  latter  may  be  either  hereditary  or  acquired.  Acquired  pre- 
disposition results  from  previous  disease,  vices  of  living,  and  like 
causes. 

ITeri'diti/  as  a  predisposing  factor  in  disease  is  probably  less 
important  than  was  formerly  believed,  but  undoubtedly  plaj's  a 
part  in  many  conditions.  By  hereditary  predisjyosition  is  desig- 
nated abnormal  weakness  of  resistjince  transmitted  from  the  mother 
or  father  to  the  offspring.  There  may  be  congenital  weaknes.s 
tliat  is  not  d<'finitely  liereditarv,  as  it  is  more  or  less  accidental — 
that  is.  not  the  outcome  of  tendencies  of  the  same  kind  (latent  or 
^•tive)  iu  the  parent.  Heredity  may  be  dinrt  or  imtnedldtc — 
that  is,  from  the  parent  {himself  or  herself  presenting  the  condi- 
tion) to  the  oirspring — or  remote,  as  in  cases  in  vhich  the  hereditary 
trait  is  latent  in  the  parent.  One  or  several  geuci-atinns  may  thus 
be  free  from  certain  tliseases  or  tendencies  which  reappear  in 
later  generations.  This  return  to  conditions  present  in  n-mote 
ancestors  has  been  likened  to  atd.visni  in  the  Darwinian  sense.  In 
Bome  esi-ses  hereditary  traits  are  conveyed  from  the  male  parent  to 
the  male  children,  or  from  the  female  parent  to  the  female  off- 
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spring ;  in  other  cases  there  is  crossed  transmissioii.  A  (R'l^iiliar 
form  of  hc-rc<lity  is  st-eti  in  licmnjitiiliii  uihI  soiiu'  utlirr  ilist'jist-s, 
whii'ii  an-  tninsinittiMl  tlin)ni;[i  tli<'  I'mralr  im-niltcrs  ui'  a  (liiiiily, 
who  peiU'Rilly  remain  iinati'cutecl,  to  the  mule  otl's])riiif>;.  lltTt'di- 
tars- traits  sonietiiiics  iircdispose  to  a  mimln'r  of  iillird  att'wtions. 
Tliis  is  particuhirh'  strikinj^  in  the  case  of  tlic  ucnrojiatliic  heredity, 
in  whicli  various  i'orms  of  nervous  disease  may  apjR'ar  aiteniately 
or  irregidarly  in  metid»ers  of  an  an't'cted  fimiily. 

A  number  of  tlionrics  liiive  been  cotistructt'U  to  expliiiu  the  mechatiism 
of  heredity.  Darwin  in  his  hypothesis  of  |>iuigeiieMisHugf;i-ste(l  tliiit  minute 
purticles  are  given  otT  IVorn  all  of  the  cells  of  the  body;  these  are  collected 
in  the  reproductive  cells,  which  in  consequence  represent  all  of  tiie  bodily 
characteristics,  hereditary  and  ucquired.  Wctsniann  denied  the  transniis- 
■ibility  of  acquired  characteristics,  and  holds  that  in  the  process  of  reproduc- 
tion a  certain  amount  of  "(jerui-plaarn  "  p:Kses  from  tlie  parent  cell  into 
tile  nlfsprinp,  where  it  remains,  and  is  in  turn  piLssed  on  to  succeeding  genera- 
tions. tliu<  perpetuatinp  ancestral  churacteristics. 

Determining  Causes. — .\mun^  tlie  iinniediate  or  deter- 
mining causes  of  disease  are  th<jse  whic-ii  originate  outside  the 
liody  an<l  those  wliieh  are  generated  within  tlie  bmiy.  Among 
the  former  are  included  tniimiatism,  heat,  coUi,  and  otlier  pliysieal 
agents,  poisons,  and  living  organisms,  inehidiiig  haeteria  and  va- 
rious animal  [larasites.  Tiie  eanses  of  disease  originating  within 
the  Ixidy  it.self  are  less  deiinitely  known,  Init  it  has  been  lininil  in 
chemical  studies  that  various  ])roiluets  of  uormal  metabolism  when 
accumulated  inabnoniial  quantity,  or  prwluct.s  of  disturbed  metab- 
olism, may  occasion  local  or  widespread  disease  of  various  sorts. 
This  self-poisoniug  is  designateil  auto-iiitoxieation. 

The  term  "auto-intoxication"  is  frequcnlly  applied  to  poisoning  by 
products  of  intestinal  putrefaction.  This  ap|dication  of  the  term  is  not, 
strictly  speaking,  correct.  The  same  poisons  might  have  been  produced  by 
putret^otion  of  food  outside  the  body,  when  the  use  of  the  name  auto-intoxi- 
cation would  be  manifestly  absurd.  If  poisons  arc  produced  by  imperfect 
digestion,  and  these  afl'ect  the  organism,  the  condition  could  properly  be 
termed  auto-into.xicatinn. 


I 


TRAUMATISM. 

Traumatism,  or  mechanical  injury,  may  be  of  various  sorts, 
gra<lual  or  sudden,  small  or  large;  anti  the  effects  arc  dependent 
upon  the  form  and  severity  id'  (lie  injury.  Pir.tHU re  brought  to 
l»;ar  upon  a  part  leads  to  disdirlianees  of  the  eireulalion  and  more 
or  les-i  direct  injury  of  the  cellular  eli'menfs.  When  the  jiressure 
is  gradiuU  true  atrophy  of  the  part  may  oeem-,  x-;  in  the  case  of  the 
atniphic  liver  resulting  from  lacing.  \Vlien  the  pressure  is  greater 
and  the  circulation  is  conijdetely  arreste<l  more  destructive  change 
may  result,  such  a.s  necrosis  or  giingreiie.  This  is  seen  in  the 
necrotic  atrophy  of  bone  resulting  from  the  pressure  of  aneurysms, 
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or  the  gangrene  of  extremities  resulting  from  ligation.  Wounds. 
— Frequently,  inflainmiitorv  reaotiuu  oceurs  in  the  surrounding 
tissues  when  trauiiiatie  injuries  liave  l>eeii  gustainwl.  This  is 
ilhistratcil  in  all  fiirnis  of  wounds,  ami  it  is  throiifjh  the  inflam- 
mation and  .suhsi'(]ui'nt  rcgeuenitiou  i»f  tissue  that  tiie  areas  of 
ileHtruction  are  restored.  In  eases  of  injure  liy  tine  particles,  as 
in  powder-marks  of  the  skin,  or  the  surfiiee  injuries  sustained  by 
miners  and  metal-workers,  or  in  individuals  inhaling  sharp  par- 
tieles  like  eoal-<lust,  marlile-dust,  or  steel-filings,  small  injuries  of 
the  tissues  rt>sult.  The  foreign  liodies  niiiy  lie  suhsi'ipu'iitiy  dis- 
charged, h'aving  a  foeas  of  inrtammution,  or  the  inflammation  may 
surround  the  partiele  indiedded  in  the  tissue,  and  enca|)sMlatiou  by 
fibrous-tissue  formation  luay  oceur,  Ijiirge  injuries  iu  whieli  the 
tissues  are  enutnsed  or  hrokcn  may  hwl  to  extensive  iuHauima- 
tion,  in  part  tfie  result  of  the  direct  injury  to  the  tissues  aud  iu 
part  the  result  of  injiuy  of  the  MiiiHl-vessels, 

Gross  traiuuatisiu  of  the  burly  as  a  whole,  as  in  falls,  crushing 
injuries,  etc.,  causes  various  disturbances  according  U)  the  part 
mainly  involved.  llu]>ture  of  tlie  visceni,  as  the  lungs,  heart, 
liver,  spleen,  stomach,  or  intestines,  may  m-cur.  When  the  head  is 
violently  struck,  unconseiousnj'ss  is  connnon  as  a  conse((Ucncc 
of  either  disseminati'd  piuu'tiform  hemorrhages,  large  focal  licm- 
orrhages,  or  oiiscure  aud  pns.-i[)ly  only  functional  disturi>ance8. 
Commotio  cerebri,  the  conditiiui  occtirriiig  in  such  cases,  may  be 
fugacious  or  may  lead  to  iiermam-ut  disorder  dependent  upon 
organic  changes  in  the  bndu.  S|>inal  svmptoms,  met  with  al\er 
railway  injuries  and  like  accidents,  may  he  due  to  hennjrrhagc 
and  secondary  morliid  processes  iu  the  cord,  or  mav  he  due  to  the 
imcertaiu  pathologic  conditions  eou.stituting  hysteria. 


PMYSrCAL  CONI>tTIONS. 

Heat. — High  t<'mperaturfs  pnniuce  local  or  general  results 
according  to  the  mode  of  application  and  degree  of  hi'at. 

Local  carcesf  of  liriit  produces  various  lesions.  Modenite  exces-s 
leads  to-n'laxation  of  tlic  walls  of  the  blood-vessels;  with  increa.s- 
ing  grades  of  ti'iu|)cr:>tnn'  there  is  in  addition  necrotic  change  in 
the  cells  of  the  part,  au<l  exudation  of  serum  causes  vesicle  for- 
mation. Still  higher  gr:ules  of  temperature  priKlucc  immediate 
destruction,  ]>erha])s  with  charring,  of  large  or  small  areas,  while 
the  surrounding  tissues  sutli-r  from  reactive  inflamnuition  and 
hvjjcremia.  Extensive  burns  involving  one-third  or  more  of  the 
surface  of  the  IkmIv  fretjucntly  cause  death.  In  these  cases  it  is 
likely  that  poisonous  ju'odncls  arc  formed,  either  directly  thriiugh 
tissue-  and  blootl-destriiction,  or  indirectly  tlirongh  disturbances 
of  the  functions  of  the  skin  or  internal  organs.  Tlie  immediate 
manner  of  death  is  often  it)  the  form  of  shock ;  when  tlx'  tcrmi- 
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nation  is  more  delayed  various  vascular,  hemic,  and  tissue-disturb- 
ances may  occur.  Intravascular  coagulation  is  not  unusual,  and 
is  not  improbably  the  result  of  the  liberation  into  the  blood  of 
tissue-elements  set  free  in  the  areas  of  local  destruction,  or  to  sub- 
stances produced  by  direct  destruction  of  the  blood.  The  same 
substances  may  account  for  the  existence  of  fever  (ferment  intoxi- 
cation). The  intravascular  coagulation  caused  in  this  or  other 
ways  may  induce  venous  stasis  and  localized  hemorrhages.  Focal 
necrosis  or  degeneration  of  the  tissues  of  various  organs,  such  as 
the  liver,  kidneys,  or  the  mucous  and  serous  membranes,  may  be 
due  to  thrombotic  occlusion  of  vessels,  or  to  the  influence  of  cir- 
culating poisons  without  thrombosis,  or  to  both.  Marked  changes 
are  found  in  the  lymphatic  glands  as  well  as  in  the  Malpighian 
bodies  of  the  spleen  and  in  the  bone-marrow.  These  changes 
present  themselves  as  areas  of  leukocytic  degeneration  containing 
actively  phagocytic  endothelial  cells  and  surrounded  by  a  zone  of 
lymphocytic  invasion.  The  lesions  are  not  unlike  those  produced  by 
abrin,  riein,  and  bacterial  toxins.  Duodenal  ulcer  is  often  referred 
to  as  an  occasional  result  of  extensive  burns.  The  blood  itself 
may  present  evidence  of  disease  in  the  form  of  degenerations  of 
the  corpuscles,  in  the  reduction  of  their  number  and  of  the  amount 
of  coloring  matter;  while  regenerative  changes  frequently  present 
themselves  some  time  later  (nucleated  red  corpuscles).  Changes  in 
the  urine  may  occur  in  cases  of  extensive  burns,  in  consequence  of 
the  tissue-destruction  (hemoglobinuria,  albumosuria). 

ElxpoKure  to  general  high  temperature  varies  in  its  effects  accord- 
ing to  the  manner  of  exposure  (dr\-  air,  steam,  etc.).  An  animal 
ex[)ose<l  to  a  constant  temperature  somewhat  above  the  usual 
surrounding  temperature  presents  a  slight  increase  of  its  body- 
heat,  which  is  compensate<l  for  by  increase  in  the  respirations 
and  pulse-rate.  Much  higher  temperatures  may  cause  death 
by  cougulation  of  the  tissues;  notably,  the  muscular  struct- 
ure of  the  heart  or  the  respiratory  muscles.  Before  this  extreme 
is  reached,  however,  it  may  be  foimd  that  the  consumption  of  the 
tissues  of  the  body  is  greatly  in  excess,  though  the  respiratory 
quotient  is  altere<l  in  tiivor  of  the  amount  of  air  inhaled.  Con- 
tinuous exposure  to  excessive  heat  frequently  causes  peculiar  dis- 
turbances in  man,  known  as  heatstroke,  sunstroke,  or  insolation 
and  heat-exhaustion.  In  these  conditions  hyperemia  and  edema, 
or  even  inflammation  of  the  meninges,  may  occur.  These  lesions 
are  sometimes  supposed  to  Ik;  the  result  of  the  direct  effect  of 
the  heat ;  but  there  is  reason  to  In-lieve  that  they  may  be  occa- 
sioned by  poisonous  substances  produced  within  the  bo<ly  by  dis- 
turl)e<l  metaljolism,  as  a  result  of  the  heat.  One  evidence  of  the 
effect  on  the  blocxl  of  continued  elevation  of  temperature  is  the 
apjK-aranee  in  the  red  b!o<Kl-corpuscles  of  basophilic  granules — 
granular  degeneration  of  Grawitz.     (See  chapter  on  Blood.) 
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A  portion  of  the  body,  as  an  arm  or  a  lew,  may  bo  osposotl  for  a 
limiti'tl  linit'  to  excessive  teraporaturps  (.300°  to  400°  F.)  in  drv 
air  without  injnry.  The  general  temperature  is  slightly  elevatcil, 
but  nietabulism  is  practieally  iinaffet'ted. 

Tho  ofTecte  nf  general  or  local  lient  are  mucli  inercn.<(Mi  when  the  organ- 
ism as  a  whole  or  in  the  [iiirt  involved  is  below  jiar.  A  paralyzed  limb  is 
Lurned  or  scalded  at  coinpiirfltivcly  low  tenijieratures. 

Cold. — H!.\|iosure  to  extreme  dejrrees  of  cold  may  eaii.se  re;?uU.s 
quite  similar  to  those  priwhieed  by  heat.  Exposure  of  the  skin  to 
liqueticcl  air,  .solidilied  mercury,  or  otlier  sub.slanees  at  exetfisively 
low  temperatures  produi-es  vesieuhitiou  and  necrosis  of  file  tissues 
like  tliosc  produced  in  burns. 

Ex|n>siu-e  of  tiic  body  to  greatly  reduced  bat  l»euntljle  tempera- 
tures of  the  surroiindint;  atiuospjiere  causes  vasi-ular  disturbances 
followed  by  necrosis  of  the  tissues  and  inHamiuatorv  t:iianjfe.s. 
The  parts  so  affected  are  the  extremities  or  projections  of  the 
bmiy,  like  the  toes  ami  fmjrers,  nose  and  ears.  The  primary 
result  of  cohl  is  vascular  consirictiou  and  loeal  anemia.  Tliese 
serve  the  purpose  of  iircserviutr  the  body  beat  by  preventini;  lieat 
radiation  ;  later  the  blood-vesssels  are  piiralyzed  and  extreme  hyper- 
emia rcsult.s.  Then  ceUular  exudation  and  necrosis  may  tK-eur. 
These  changes  are  well  seen  in  the  eonilition  termed  i-h'ilblain. 
In  prolonged  exjmsure  to  cold  there  are  a  gradual  reduction  in 
the  activity  ol'  the  various  organs  and  a  gradual  olituudiiig  of 
the  sensibility  till  the  patient  lieeonies  comatose.  The  retention 
of  exerementitious  products  of  met;ibolism,  or  tlie  formatitm  of 
products  of  ahnornuil  metabolism,  nuiy  be  important  in  causing 
this  condition. 

Exposure  to  c()ld  plavs  an  important  j>art  as  a  clinical  cause  of 
disease.  Various  Ibrins  of  |)!iaryugitis  and  corv/a  or  br4>uchitis 
so  fretjuently  follow  such  ex|)osiire  tliat  the  term  "  cold  "  is  gener- 
ally us<:'d.  Other  conditions, like'  rheumatism,  pleurisy,  pneumonia, 
and  the  like,  bear  a  similar  relation.  It  is  now  recognized  that  in 
most  of  these  ca.ses  coM  is  merely  a  predis]M)sing  cause,  the  imme- 
diate cause  being  in  many,  if  not  all,  cases  spc<'ifie  mien»-i>rg:in- 
isms.  The  mode  of  action  of  the  ex]K)surc  is  uncertain  :  probalily 
it  causes  a  reduction  in  the  resisting  powers  of  the  organism  and 
thus  favors  the  activity  of  bacteria.  In  some  cases  it  may  be  tiiat 
the  cold  alters  the  fluids  of  the  body  in  such  a  way  as  to  permit 
increased  virul(>nee  of  mirro-organisms  alii'a<ly  ])rescnt,  or  to  pnn 
mote  their  entnmci'  iuio  the  system. 

Increased  Atmospheric  Pressure. — Exjjosure  to  extreme 
pressure  of  several  atuinsjtheres  may  occur  among  deep-sea  divers, 
or  in  men  working  in  caissons  used  in  briilge  building.  But  little 
disturbance  may  1m;  caused  at  first,  or  for  a  long  time ;  but  on 
return  of  the  workmen  to  the  usual  atmospheric  conditions  synip- 
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toms  make  their  appearance  (caisson  disease).  Among  these  symp- 
toms are  bleeding  Ironi  the  ntisal  or  other  mucous  menil)ranfs, 
jrrvat  depression,  deliriiiiu,  nud  jKvr.ilytic  couditiuns.  Conge;>tion, 
HegencratioHs,  and  vacuohitions  in  the  spinal  cord  have  been  dis- 
coverf.-d  in  some  eases. 

Decreased  Atmospheric  Pressure. — Effects  of  decreased 
pressure  are  .seen  in  inhabitants  of  high  altitudes  and  in  persons 
ascending  in  balloons.  Marked  excitement  of  the  vascular  system, 
hemorrhages,  somnolence,  weakness,  vomiting,  and  simil:irsyni|)toms 
are  observe<l ;  in  less  marked  cases  a  general  excitement  of  the 
nervous  system,  sleeplessness,  etc.,  occur.  These  .symptoms  have 
l)een  attributed  to  lack  of  oxygen,  and  compres.sed  air  and  oxvgen 
have  l>een  successfully  used  to  combat  them  ;  but  rxperiuieiits 
show  that  the  air-pressure  may  be  as  low  as  400  mm.  of  moreurk' 
without  interference  with  the  respiratory  exchange  of  gases.  To 
a  certain  extent  the  symptoms  are  probably  mechunieal  and  due 
dinK>tly  to  the  reduced  ])ressure  on  the  exterior.  Recent  studies 
show  that  the  blood  contaius  greatly  increased  numbers  of  rod 
corpuscles  in  a  given  volume,  and  the  [lerecntage  of  liemoglobin  is 
corresjKindingly  increased.  This  is  pnibably  due,  to  a  large  extent, 
to  disturlwnce  in  the  distriliution  of  the  eorpiiseles  with  stagnation 
in  the  j>eripheral  vessels  (see  Di.seases  of  the  Elotnl). 

Instifficiency  of  Respiratory  Air. — .\  certain  amount  of 

air  is  necessary  for  the  eontinimnee  of  health  or  life.  Iiisullieieney 
may  be  due  to  disea.ses  wliieh  obstruct  the  air-passages  or  affect 
the  pulmonary  tissue  it.self,  and  to  foreign  bodies  (solitl  bodies,  water 
in  drowning)  within  the  air-passages.  t'iiaug<'s  in  the  atmosphere 
or  gases  taken  into  the  lung  may  cause  insufjiciency  in  the  supply 
of  oxvgen,  notably  in  C'O-jmisouing,  in  which  the  foreign  gas  enters 
into  firm  eombinatifiu  with  the  Jiemogloiiiii  of  the  liiood  and  thus 
excludes  oxygen. 

Moderate  decrease  of  the  su]ijily  of  air  causes  laViored  and  rapid 
breathing,  more  or  less  cyanosis,  depression,  and  stupor.  This 
condition  is  termed  anphtfriu.  Complete  lack  of  air  causes  increase 
of  these  symptoms  and  death  by  xiijfordtioii.  In  these  cases  the 
blood  is  exceedingly  dark  and  fluid,  and  hemorrhages  may  be 
found  in  various  situations.  Tiie  latter  result  I'nnn  excessive  lilotKl- 
pressnre  during  the  death  agony.  Lnug-<'nutiiuied  insuftieieney 
of  oxygen  may  directly  or  iuilirectly  oecasiou  ilegenerative  tlis- 
eascs  of  the  tissues. 


It  has  often  been  averted  that  anemia  causes  many  of  its  symptoms  and 
results  because  the  l)UM)d  is  incapable  of  carrying  svifficient  oxygen  in  its 
re<)uced  slate.  Ar  a  matter  of  fact,  however,  nhywiologic  experinienta 
have  di^noniitrjited  th.it  thr  respirntory  oxchaiipe  (nilialation  of  oxygen  and 
extialation  of  ciirlxinic  acid  gas)  is  bi3t  little  art'ccted  and  is  as  frequently 
increased  as  decreutied. 
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Blectric  Influences. — The  effects  of  powerful  electric  cur- 
rents ami  (lisfliargfs  on  the  tissues  reseiiihle  thoM'  ju'whieed  by 
hiinis.  Locally  ii  ilry,  crisp,  excavated  Icsiuii  is  pruthjccd.  I^ater 
liyptTpniia  ami  a|ipi'ariinces  resemhHiig  moist  guiigrenc  develop. 
The  niiderlyiiig  muscles  are  more  or  less  parotic.  Changes  in  the 
hl<XKl-vcssc'lH  and  a  fluid  state  of  the  blood,  extending  to  some 
distaut'c  from  the  local  lesion,  have  been  oKserved.  Very  power- 
fid  and  fatal  discharges  iu  some  cases  jiroduce  heuiorrliages  in  the 
floor  uf  the  iViurtli  ventricle  and  petechia'  in  the  s<'rous  nH'nd)niue8 
and  elsewhere.  L>cath  seems  to  he  caused  by  jniwerful  inhibition 
of  the  heart. 

POISONS. 

Definition. — The  term  poison  may  be  applied  to  substances 
which  when  introdm^ed  in  relatively  small  amounts  into  the  living 
organism  disturb  its  structure  or  functional  activity. 

The  Action  of  Poisons  in  General. — (Jnscous  jwisons  act 
primarily  upon  the  respiratory  mucous  meniliraucs  with  which  they 
couie  iti  contact,  or  after  absl^rpti^)U  into  the  bloiMl  disorpinizc  tliis 
fluid  or  lca<l  to  ilistiirbaiiccs  of  the  nervous  system.  Liquid  ]M>i- 
sons  arc  geuendly  absorbed  thnjugh  the  ga-itro-intestiual  mucous 
membrane,  but  uuiy  1k'  received  directly  into  the  tissues  by  injec- 
tion under  tlie  skin.  They  are  rarely  absorbed  through  the  skin. 
Solid  poisons  nuist  in  all  cases  first  be  dissolved,  ami  are  then  ab- 
sorbed like  the  liipiiil  j»oisons.  They  may  by  their  strong  attrac- 
tion for  water  absorb  the  latter  directly  froui  the  tissues,  and  by 
this  process  alone  may  bring  about  important  clianges. 

The  lesions  due  to  a  poison  may  be  entirely  local,  as  in  the 
case  of  certain  corrosives  or  caustics  ;  in  other  cases  the  point  of 
entmnce  is  unaffected,  the  pathologic  manifestations  l»eiug  en- 
tirely due  to  the  changes  iu  different  parts  of  the  body,  or  to  ner- 
vous disturbances  resulting  from  the  circulation  of  the  poison  in 
the  blood. 

The  fate  of  poisons  after  ingestion  is  very  different  in  dif- 
ferent cases.  Some  poisons  circulate  with  the  bl(H>d  and  are 
eliminated  unchanged.  Othei"s  may  suffer  chemical  change  within 
the  stomsu'h  or  other  cavities  of  the  \)m\y  licfore  absorption,  and 
may  be  either  com]>let<'ly  neutralized,  or  may  be  converted  into 
forms  which  are  subse(]ucntly  slowly  absorbed.  After  absor|)tiou 
into  the  blood  other  chemical  roju-tions  may  04'cnr,  and  the  jtoisitn 
may  be  more  or  less  neutralized,  the  system  then  suffering  either 
from  the  residting  compounds  or  from  the  <'hanged  conditions  of 
the  blootl.  Active  destruction  of  the  poison  may  ix'cur  in  the 
blond  or  in  the  various  organs,  esj>ecial]y  the  liver.  In  these 
processes,  however,  the  glandular  organs  may  suffer  seriously, 
various  forms  of  degeneration  or  necrosis  residting.  Certain  pt>i- 
Bons,  like  the  toxins,  enter  into  chemical  combination  with  cells 
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of  the  hotly,  ami  remain  fixed  in  this  way.     (Fur  further  details 
see  Immunity.) 

The  effect  of  poisons  depends  upin  the  dose  as  well  as  upon 
the  nature  of  the  .suhstiince,  and  nlstt  upon  the  individimh  The 
rej)eato«l  ingestion  of  certain  jM(is<ius,  sueii  us  arsenii.r  or  opium, 
may  generate  a  considerahle  degree  of  iniruunitv  or  tolerance 
(Mithridatization).  Similar  imnuniity  may  be  characteristic  i>f  a 
given  individual  nr  of  classes  or  species.  8useoptihilitv  to  tlie  action 
of  iKiisons  is  furtlier  inHuenee<l  l>y  age  and  constitutional  vigor. 
Children  hear  cert;iiu  poisons  hetter,  companttivelv  speaUing,  than 
adidts.  while  tlie  reverse  is  true  of  other  suhstances.  Sonietinu's 
there  are  idiosyncni.sics  which  Icail  to  peculiar  results  not  observed 
in  the  average  indivhhial.  In  consequence  of  this,  substances  ordi- 
narily not  toxic  may  be  extremely  injurious  to  certain  persons. 

Soiuetimes  poisons  are  comparatively  innocuous  when  administered  in 
w  way,  tlinugn  powerlully  loxic  to  the  ennie  auinial  when  "itlicrwise  intro- 
ced.  Thus  in  dogs  intravenous  injection  of  iitropin  is  very  slightly  in- 
jurious, but  injection  into  the  spinal  cord  of  minute  doses  causes  rapid 
poisoninp.  Some  recent  experimentc  indieate  that  the  leukocytes  are  capa- 
lile  of  fixing  inorganic  (Kiisons  and  thus  acting  asdefensive  apciicics.  Non- 
fatal drises  of  ['oisons  (arsenic)  cause  tirst  diminution  of  the  iiolynioqihonu- 
clear  leukocvtes,  followed  by  hyperlcukoeytosis;  and  the  poison  is  found  in 
abundance  in  these  leukoi'ytes.  F'ntjil  doses  are  unattended  with  the 
■♦•eondary  stape  of  leukneytosis  or  the  leukocytic  fixation  of  the  poison. 
Tliese  result*  need  further  contirmation. 

Climitiatioii. — The  excretion  of  poisons  may  take  place 
through  the  kidneys,  lungs,  the  niucotis  membrane  of  the  gastro- 
intestinal tract,  the  mammary  glands,  or  through  the  skin.  In 
some  instances  a  p<jison  is  eliminated  without  change  in  the 
excreta ;  in  other  cases  it  stiffers  conipI<'te  change,  and  is  not 
present  at  all  in  the  excretions.  Tlie  rate  of  elimination  varies 
greatly,  and  is  more  or  le8.s  depen<lent  upon  conditions  of  the 
system.  Some  poisons,  as  phosphorus  and  mercury,  may  be  stored 
up  within  the  bcnly  for  a  considerable  period,  subsequently  suffer- 
ing slow  elimination. 

Classification. — The  number  of  substances  which  may  act  as 
poi.sons  is  ver\-  grvat,  and  the  niunifestations  uri'  of  verj'  tliffcrent 
sorts.  Classification  of  jioisons  is  therefore  dittieult  and  not  en- 
tirely satisfactory.  We  may  criulely  distinguish  between  gaseous, 
licpiid,  and  solid  [x/isons  ;  between  aninuil  and  vegetable,  orgtinic 
an<l  inorganic,  and  the  like;  but  these  classilications  have  no 
scientific  value. 

From  tlie  point  of  view  of  the  action  of  the  poisons  wc  may 
distingnisii  corrmife  jmrnns,  or  those  whi<'h  have  a  local  action  ; 
on/nnir  or  porenchynm-poimnK,  or  those  which  act  less  strongly  at 
the  point  of  application  than  upon  the  various  organs  to  which 
they  are  conveyed  through    tlie    iilood ;   li/noil-poisons,  or   those 
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which  exercise  their  effects  primarily  upon  the  Mood  ;  and  the 
nerve-poUontt,  or  those  wltieh  disturl)  the  tiiiK'tii>nal  activity  ot"  tiie 
nervous  system  without  pnwhjcing  dcfinitt-ly  discovenililc  lesion.*. 

Corrosive  Poisons;  Escharotics;  Caustics. — Under  thi.«  heading 
are  inchicicd  v;iri<iiis  acids,  alkalies,  and  mineral  jHii.^oiis,  such  as 
sulphuric,  nitric,  iixalic,  curlMilic,  and   iiy4lrot!n<ii'ic  acids,  caustic 

Citash  or  soila  and  ammonium,  and  puses  likechlorin  and  hroniin. 
itrate  ul'  silver,  hichlifrid  of  mercury,  sulphate  of  eoiijK-r,  and 
other  inorpmic  contpoinuls  liavc  a  similar  action,  and  certain 
organic  hodit-s,  such  as  cantharidin  and  crMton  nil,  1)idniij£  to  the 
same  class. 

All  these  poisons  exercise  a  destnietive  effect  U]ion  the  cells 
with  which  they  eonie  in  contact,  partly  by  ahstmction  of  water 
and  j>artly  as  a  result  of  a  coapulatinfr  |>owcr  or  similar  action. 
The  acids  and  mineral  caustics  usually  jiroducf  dry  and  more  or 
lcs.s  discolored  ureas  of  ncerrisis  ;  th<'  caustic  alkalies  cause  a  sort 
of  (gelatinous  cham^c  or  a  .siponilieatiou  of  the  tissue  The  degree 
of  injury  depemts  ii|)on  the  p<ii.soti  and  the  amount  in  contact  with 
the  tissues,  'i'lierc  may  be  only  a  supcrticial  injury  of  the  outer 
layer  of  e|)ithelial  cells,  or  extensive  destruction.  Reactive  inflam- 
mation is  almost  always  jirc.scnt,  and  often,  esjiccialb'  in  the  mueous 
nicndiranes,  the  intiaiimratory  reaction  is  extensive  tliou^jh  the  cor- 
rosive action  of  the  ]Riisi)ii  is  limited  in  depth  and  extent.  The 
affected  part  may  |iresent  slight  areas  of  necrosis  with  reactive 
hyperemia  and  iriHammation  beneatli  and  around  them,  or  tleep 
eseliars,  vesicles,  or  large  hulhe.  In  the  process  of  healing 
extensive  scars  may  form,  and  these  may  lie  serious  in  their  effects, 
as  in  the  case  of  strictures  of  the  esophagus. 

Organic  Poisons;  PareEchyma-poisons. — This  large  group  in- 
cludes many  nict^illic  com|K>muls  tliat  have  a  local  corn)sive  or 
escharotic  effect,  but  whicli  may  in  smaller  do.se  gain  entrance  to 
the  blood  ami  cause  extensive  organic  lesions.  It  also  includes 
]Mli.sou^  of  vegi>t;(l)lc  origin  and  prodin-ts  of  luicterial  growth.  In 
general  thesi.>  poisoTis  have  a  similar  ai'timi.  Tlu'  kidneys  an<l  the 
mueuiis  membram-  of  the  intestines  arc  especially  tictive  in  their 
elimination  and  siitfcr  most  seriously.  Degenerations  of  the  epithe- 
lial cells  of  various  sorts  are  met  with,  such  as  nuclear  degenera- 
tions, coagulation  necrosis,  fatty  degeneration,  and  even  calcifica- 
tion. The  changes  may  be  diffuse  or  may  (wcur  in  small  foci.  In 
the  latter  case  small  are;is  of  gramdar  ajjpearance,  having  a  iightt'r 
color  than  (he  surrounding  tissues,  are  .seen  ;  and  on  staining  the 
cells  ail-  fouml  to  coUir  [xiorly  or  not  at  ail,  tlu'  nui-lei  often  show- 
ing this  change  Hrst.  Nuclear  degenerations  (fiiigmentation,  hyix-r- 
climmatosis,  ete.)  are  observed,  and  in  some  instances  marked  fatty 
degtmenition  of  the  cells  occurs.  Aroun<l  the  foei  of  degeneration 
there  is  more  or  less  round-cell  infiltration  (pHlyn)i>r]ihonii<'lcar 
cells),  and  to  a  less  degree  the  degeneniti'd  area  itself  is  infiltrated. 
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IA  opes  in  wliicli  diffuse  change  occurs  there  is  equally  diffuse 
ronnd-eell  infiltration.  After  the  acute  proepss  has  subsided 
hypi-qila-sia  of  the  connective  tissues  may  occur  and  the  af!eete<l 
part  lieeomes  more  or  less  sclerotic  or  indurated.  Regeneration 
of  tiie  parenchyniM-eclls  is  less  apt  to  occur. 

Some  of  the  more  important  of  the  poisons  of  the  grou]>  muy 
now  be  sepanitciy  considcn'd. 

Phosphorus  is  a  jK)isou  of  considerable  activity  in  the  yiHow 
form  ;  the  red  variety  is  inert.  Workmen  in  match  im'torics  arc 
the  most  frequent  victims  of  this  (oriu  of  intoxicatinii,  lint  oem- 
sionally  accidental  jxiisoniug  hy  swallowing  occurs.  In  the  latter 
the  manifestations  are  acute.  The  patiiologic  changes  are  catarrhal 
iufiumraation  of  the  gastro-intestinal  nujcous  menihrane  and  more 
or  less  widespread  fatty  ilegenerat ion  of  various  tissues  and  organs. 
The  liver  suffers  most  severely,  being  etdargeil,  light  yellow  or 
n-ddish  in  color,  and  friable  or  doughy.  Microsco]iically  the  liver- 
cells  are  found  extensively  (legencnited  (fiitty).  Similar  but  less 
marked  fatty  degeneration  is  Ibunrl  in  the  renal  tnbides,  giislro- 
intestinal  epithelia,  and  lieart-mnsele,  ami  in  the  intima  of  the 
bIood-ve.sseIs.  Extensive  janndiee  is  frequent  ami  numerous 
hemorrhages  may  occur.  In  the  more  ehrouie  poisoning  of  nialch- 
makers  the  jwison  enters  through  the  mouth  and  re>])ira1orv  ]»as- 
sages,  l>eing  inspired  as  dust.  Chronic  ciilarrhal  inflaunnutiou  of 
the  respirat^Jiy  tract  may  ixxuir  and  a  peculiar  form  of'  necrosis  of 
the  bones  (see  Bones)  is  met  with. 

Arsenic  is  poisonous  in  certain  forms  (white  arsenic,  arsenous 
aci<ll  and  inert  in  other  forms  (the  siilphids).  Acute  poisoning 
occurs,  when  toxic  f"orms  arc  swallowed  in  large  doses  ;  the  chronic 
forms  of  poisoning  result  iVojn  gi-.idual  iiigcstion  or  the  inhalation 
of  dnst  containing  ars<'iiie.  Cases  of  the  latter  sort  occur  when 
■wall-paper,  hangings,  and  the  like,  colored  with  arsenic-pigments, 
are  used.     The  le.sions  in  acute  arseuic-poisoning  resemble  those 

f)nKliiee<l  by  phosphorus.  The  gastro-iutestinal  inilaniniatioii  is, 
>Owever,  more  severe;  Mhile  the  fatty  tiegencratinn  at'  the  oriians 
is  less  markerl.  In  chronic  arsciuc-poisoiiing  changes  in  the 
peripheral  nerves  (degeneration  and  iuflanimation)  are  most  ini- 
{lortant.  It  is  likely  that  fi>cal  t>r  dilTiisc  myelitis  may  likewise  be 
caused  by  this  j)oisoif.  Chronic  inflammations  of  the  gastro- 
intestinal or  respirator}'  mucous  membranes  arc;  met  with  in  some 
cases.  Inflammatory  lesions  and  pigmentation  of  the  skin  may 
occur. 

Lead. — Among  the  coiupointds  leading  to  acute  or  subacute 
pot.>-oning  the  chromate,  the  acetates,  the  carbonate,  antl  oxid  are 
most  ini|M>rtant.  Chronic  poisoning  (K'curs  in  workmen  in  jiaint 
maniifiietori<'s  and  among  painters,  and  in  imtsous  drinking  certain 
waters  that  have  been  conducted  through  lead  )iipes.  Less  i-arely 
the  use  of  co«nieties,  tlyestuffs,  etc.,  containing  lead  causes  chronic 
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poisoning.  In  tho  acute  forms  of  leail-poisfining  moderate  gastro- 
enteritis f>cpurs.  In  tlie  clironic  form  cluinges  in  the  nervous  sys- 
tem are  nioirt  important.  IV-riitlii'ml  neuritis  i.s  the  most  frequent 
lesion,  hut  ehaiiges  in  the  large  gtuigHonie  i-ells  of  the  gray  matter 
of  tlie  conl  linve  siometinies  heen  founil.  l>itfuse  selerosis  of  the 
blcKid-vessels,  inters^titial  neplirilis,  an<t  the  lesions  of  gout  maybe 

1  (resent.  Atropliy  and  fatty  degi-ueration  of  tiie  nuiscle-Hljers  are 
ess  inipovtunt  lesions.  A  blue  line  on  the  gums  at  the  junetion 
■with  the  teeth  {due  to  de|x>sit  of  sulpliid  of  lead)  is  a  lesion  of 
eliuieal  in)|)ort;Mit'e.  A  eonstant  and  alnmst  jialhugnonxinic 
change  is  fiituid  in  a  pceuliar  degcniT.iiinn  (hiisic  degeneration) 
f)f  the  erythrucyti's.     (Siv  cliapier  un  IJlood.) 

Mercury. — Pitisoning  with  mercury  may  l»  acute,  subacute,  or 
chronie.  The  first  is  tlue  especially  to  the  comtsive  ehlori<I  and 
other  mercuric  .sjilts;  the  second  to  calomel  or  snnill  doses  of  those 
of  the  former  group,  ('hrniiie  jMHsnniug  occurs  as  a  result  of  inhala- 
tion of  fumes  or  dust  ciintaining  mercury,  and  i<  seen  in  workmen 
in  mirror  manuiactorii's.  In  the  acute  eases  violent  indnmniator}' 
and  necrotic  lesions  of  the  gastn>-iutestinal  tract  are  seen.  Paren- 
chymatous degeneration,  fatty  change,  and  even  calcification  of  the 
renal  epithelium  may  occur ;  and  fatty  degeneratiftn  in  other 
orgiins  may  sometimi's  be  met  with.  In  subacute  cases  marked  by 
ptyalism  some  change  is  doulitless  present  in  the  salivar)'  glands, 
out  the  nature  of  this  has  not  been  detemiiued. 

Ergot. — Ergot  is  a  poison  ca|)alde  of  pnxlucing  intense  toxic 
result*.  It  contains  two  iniiwrtant  toxic  principles,  sphacelinic 
acid  and  an  alkaloid,  conuitin.  Acute  poi.soning  «»metimes  re- 
sidts  from  overdosage ;  while  chronic  intoxication  occurs  from 
the  use  of  alfected  grain,  particularly  in  famine  years.  M'ide- 
spread  |X)isouing  of  coitununities  has  sometimes  resulted.  The 
lesions  produced  are  not  definite  or  uniform.  Gastro-intcstinal 
inrtammation  and  erosion  of  the  mucous  membrane  have  been  ob- 
.served,  but  are  not  habitual  ;  .sclerotic  change  in  the  spinal  cord 
has  l>een  found  in  a  fevv  cases.  (iangreiK!  is  a  frequent  lesion, 
probably  resulting  fmm  vasi'ular  nbstnietioti  due  to  contraction 
of  the  l»l<xxl-vessels.  Eulargcment  of  the  spleen  has  sometimes 
been  noted. 

Toxalbumins  from  Plants. — Certain  vegetable  bodies,  like 
ricin  derived  from  the  castor  bean  an<I  abrin  derivcil  from 
jeqiiirity  bean,  arc  exceedingly  toxic,  acting  in  part  as  blood- 
poisons  but  also  as  parenchyma-poisons.  Injected  into  animals 
these  substances  cause  violent  intoxication,  and  focal  areas  of 
necrosis  in  various  situations,  notably  in  the  liver.  In  part  these 
lesioas  result  from  vascular  thrombosis;  in  part  from  direct  ac- 
tion. The  study  of  the  action  of  these  poisons  is  of  particular 
interest  froui  the  n'sendtlancc  of  the  lesions  to  those  caused  by 
certain  bacteria  anil  btxcterial  ^Misons. 
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Toxic  Products  of  Bacteria. — In  tin-  >rrip\vth  ami  nmliijilica- 
tion  of  various  bac-toria  di-tinite  toxic  gtibstaiiocs  are  nnxluced, 
am]  tliroufrh  the  latter  the  lesions  of  infeedmi  are  to  a  lar|;e  ox- 
tent  pmdiiced.  Such  jioisonoiH  iMxlies  may  be  p'lUTateiJ  in  the 
growth  of  the  bacteria  outside  of  the  body,  as  well  as  within  the 
\)Otly.  In  the  latter  case  the  jKithoIoiric  lesions  at  llie  point  of 
infection  may  be  the  focus  of  origin  of  toxic  snijstances  which 
are  then  distributee!  throughout  the  Ixnly  in  the  blood.  This  is 
eminently  tnie  of  tetanus,  and  to  a  large  degree  of  diphtheria. 
In  other  cases  the  bacteria  themselves  are  transporte<l  to  various 
parts  of  the  body,  and  finding  lodgement  in  the  tissues  set 
up  changes  by  whieli  their  toxic  pi-oilnets  are  evolved.  The 
latter  increase  the  htcal  foci  of  pathologic  change  and  then 
spreafi  in  the  circulation  and  cause  gener.d  intoxication.  Fur- 
tner  reference  to  these  poisons  will  be  ma<le  when  discussing  the 
individual   bacteria. 

The  venom  of  serpents  and  of  various  insects  contains 
toxica  Ixxlies,  some  of  which  are  albuminous  iu  nature.  These  vary 
in  their  action,  being  to  some  cxt<'nt  l»UM)d-|Hjisons,  but  more  par- 
ticularly panjnchyma-jwiisons.  The  lesions  produced  are  local  and 
ecneral.  Locally  there  are  intense  intlanuTiatory  reaction  and 
etlcnia  around  an  area  of  cr'i hilar  necrosis  or  destnietion  wliere  the 
poison  lias  come  in  iuumHliate  «'onta«'t  with  the  tissuis.  The  IiIimkI 
s«*<.'ms  to  suffer  threat  disnrginii/.atiou  and  eorpus<'nlar  change. 
Petechial  hemorrhage  and  foci  of  cellular  necrosis  occur  in  various 
organs;  and  edema  of  the  lungs  is  frctjuently  prencnt.  The  action 
of  the  venom  of  ditfcrent  animals  varies  in  kind  and  intensity  to 
a  certain  extent,  but  is  in  general  of  a  similar  tyjK". 

Blood-poisons. — Various  litjuid  or  gaseous  substances  are  ternied 
blo<Hl-poi.sons  because  of  their  especial  action  upoti  this  liquid. 
The  blo(jd-{)ois<jns  may  be  elassitied  as  («)  titose  which  combine 
with  the  hemoglobin  without  changing  the  corpuscles  ;  (6)  those 
which  alter  the  red  corpus<'les  and  the  coloring  matter  ;  (c)  those 
which  atfect  the  blood  as  well  as  the  tissues  generally  ;  and  {>/) 
those  which  cause  changes  in  the  blo<Kl-plusnia,  increasing  or  de- 
creasing the  tendency  to  clotting. 

(a)  Among  the  iHjisons  which  act  by  entering  into  cond)ination 
with  the  hemoglobin  without  changing  the  cnq)nscles,  carbon 
monoxid,  cyanogen,  and  hydn>gcn  sulphid  are  important.  In 
oarbon-mono.xid  poisoning,  which  often  residts  from  inhalation  of 
the  fumes  of  charcoal  burning  with  insufficient  air,  the  bhwid  has 
a  light  color  and  light  petechial  discolorations  may  be  seen  in 
various  parts  of  the  body.  In  cyanogen-|)oisoning  the  bloiMl  is 
similarly  light  in  color;  while  iu  H^S-poisoning  the  blcMxl  is  often 
dark,  sometimes  quite  black. 

(h)  Among  the  poisons  which  disorganize  the  blood-corpuscles 
and  later  the  hemoglobin  are  a  large  nnmlier  of  chemical  agents 
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used  in  medical  practice  or  in  the  arts,  including  potassium  chlo- 
rate, nitroglycerin,  atiilin,  nitrdiienzul,  various  cuai-tar  derivatives, 
and  arseniuretted  hydrogen.  Certain  poi.suuous  plants  (toadstools) 
act  similarly.  These  |Kiisons  lead  to  a  rwluction  of  tlie  hemoglobin 
witli  t'orniation  of  nietheiuoglobin  and  at  the  same  time  destruc- 
tion of  the  corpuscles  tlieniselves,  with  release  of  the  hcmoglohin 
into  tlie  serum.  The  altered  ctjiiditiun  of  the  lilooil  <»t"ten  induces 
Becoiidary  changes,  such  as  fatty  degeneration  and  lieniorrhages  in 
various  organs.  The  hloo<l-corpuscles  arc  found  in  variously  de- 
generated conditions,  showing  niicroeytosis  und  poikilo<'ytosis  in 
particular.  Xueleatetl  red  corpuscles  may  he  present  as  in  other 
conditions  of  blo(Ml-<lestruetion   with  attempted   regeneration. 

(c)  Among  the  pnisuns  which  disorpuiizc  the  l)lnod  and  at  the 
same  time  cause  clianges  in  the  pareneliyma  of  organs,  reference 
has  been  made  to  abrin  and  rioin.  In  a<hlition  to  the  nrpinic 
changes,  these  substances  cause  certain  attenitions  in  the  blood 
it.setf,  increasing  the  coagulability  and  thus  inducing  thrombosis. 

(rf)  Varioirs  su!)stances  introduced  in  suHicient  quantity  are 
capable  of  affecting  the  plasma  of  the  hlowl  or  the  cor[>uscles  in 
such  a  way  as  to  affect  its  coagulability,  ("alcinm  salts,  carbonic 
acid  gas,  and  fibrin-ferment  an-  active  in  this  way,  but  the  last 
alone  produces  toxic  results  through  this  function.  Ferment-in- 
toxiciition  may  iK'cur  in  conse(|uenee  of  various  other  intoxications, 
when  corpuscular  or  tissue-destruction  has  lihcrated  the  ferment. 
Among  the  poisfuis  which  decrease  coagulability  peptone  (albu- 
mosc)  is  imjwrtant. 

Nerve-poisons. — This  group  contains  «  large  number  of  sub- 
stances capalile  of  priMlucing  violent  symptoms  and  even  death 
without  definite  change  in  the  tissues  ot'  the  body.  Recent  inves- 
tigations showing  certain  alterations  in  the  (iner  structure  of  the 
nervous  system  in  diseasi.'  and  in  cases  of  intoxication  suggest  that 
histologic  changes  in  the  central  neurons  may  be  found  to  result 
from  jwisoning  hv  these  sid>stances.  Changes  of  this  kind 
(changes  in  size  and  form  of  the  cell  and  nucleus,  thickening,  con- 
traction, or  disap]>earance  of  dendrites,  alterations  in  the  chromo- 
plriiic  bodies,  etc.)  have  been  descrihed  in  the  gRiy  matter  of 
animals  poisone<l  with  alcohol  and  certjiin  toxins  of  bacterial 
origin.  It  is  not  unlikely  that  similar  changes  will  be  found  in 
other  conditions. 

Among  the  nerve-poisons  are  alcohol,  chloroform,  ether,  and 
various  alkaloids  like  morphin,  atrojiin,  etc.  In  tin's  same  group 
might  be  inchidcd  some  of  tlie  poisons  contained  in  the  venom  ot 
serpents  and  other  animals,  but  these  usually  cause  definite 
leHions  in  the  blood  or  tissues  of  the  Ixxly.  Another  group  of 
jKiisons  of  similar  action  are  those  pr<:Kluce<l  within  the  body  by 
putrefactive  action  or  in  various  foodstuffs  before  ingestion.  Fre- 
tpiently  cases  liave  been  observed  in  which  all  the  members  of  a 


THE  ETIOLOGY  OF  DISEASE. 


31 


family  or  even  large  numbers  of  people  luive  Keen  piisoned  l>y 
eating  eertain  meats,  saiisiiges,  iee-ereaiii,  jiiid  other  looils.  In 
some  of  tliese  eases  it  lias  been  foim)!  tirat  tlie  toxie  element  was 
basic  compound  resembling  the  silkaloitls  in  chemical  strneture. 
To  these  putrefactive  eom]M>iiniis  the  name  ptomn'in  is  given. 
|One  of  these  conipoimils,  which  occurs  in  cheese,  and  iweasion- 
lly  in  milk,  has  lieen  termed  tyrolo.xicon.  Intoxications  of 
this  class  must  be  distinguished  Crom  inicctions  resulting  ft-oni 
the  use  of  food  contaminated  with  niicni-organisuis.  The  syni])- 
toms  may  be  so  rapidly  developed  (absence  of  incubation  periiMl) 
and  si>  immediatelv  generalized  that  the  distinction  can  be 
arriveil    at    elinieallv,   but  the   absidutc    diagiuisis   is  made    bae- 

■teriologically. 
A  consiilenible  numlier  fif  ptoniains  have  been  separated,  in- 
cluding neurin,  obtained  from   putrid   tlesh  ;  nuiscarin   and  ethy- 
^-lendiamin,  dcrivetl   from  <lccayed  fish;  mydalein,  and   myihitoxin. 
^pSome  of  these  substjim^es  produce  toxic  results  iu<listiuguishable 
clinij-ally  fnim  those  prodiice<l  by  certain  alkaloi<ls.     Tfiis  fact  has 
become  one  of  great  importance  in  medicolegal  investigatious. 
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VEGETABLE   AND  ANIMAL  PARASITES. 


Vegetable  parasites  are  by  far  the  most  inifwrtant  causes 
of  disease.  The  ijclicf  in  a  living  cause  or  contagiuni  vivum  is  by 
no  means  a  recent  acquisition,  Ijut  the  actual  deiiionstration  that 
diseases  may  be  caused  liy  minute  living  organisms  has  only 
Irecently  been  reached.  Tlie  micro-organisms  in  question  (bac- 
teria) belong  for  the  most  part  to  the  vegetable  kingdom  and  con- 
stitute the  lowest  onlers  of  fungi.  Their  biologic  characters  and 
their  relations  to  special  diseases  will  be  described  in  a  subsequent 
chapter. 

Etiologic  Relationship  of  Bacteria  to  Disease. — It  is  difficult  to 
prove  the  .specific  relation  of  i)ar'tcna  to  di.scasc.  Kot!h  has  laid 
down  four  important  laws  whicli  must  be  conformed  with  before 
the  ctiologic  importance  of  a  bacterium  is  admitted.  These  are  : 
(1)  the  bacterium  nuist  be  found  in  the  disease<l  person  :  (2)  it 
mu.-t  be  cultivatable  upon  media  outside  the  ImkIv  ;  {'\)  pure 
cultures  intriKluccd  into  a  healthy  animal  must  produce  the  dis- 
ease in  the  animal:  and  (4)  the  bacterium  nuist  be  recoverable 
from  the  body  of  the  animal.  In  a  numi)er  of  disea.ses  micro- 
.OHfanisnis  have  Ixien  proved  to  be  the  specific  causes  acconling  to 
the  requirements  of  Koch's  rules.  In  other  di,sea.se8  it  has  not 
been  possible  to  furnish  absolute  proof,  though  the  presumj)- 
ftive  evidence,  furnished  by  constjuit  <H'currencc  of  the  bacteria, 
snggestive  as.s(X'iati(m  with  the  lesions  of  the  disca.se,  absence  of 
the  bacteria  in  other  di.seases,  etc.,  is  sufficient  to  .sati.sfy  all  but  the 
most  aceptic*al. 
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Olassiflcation  of  Diseases  due  to  Bacteria. — Tlie  gfiieral  term 
infecdoufi  illxmnc  is  :i])|ilio<l  tu  jill  siirli  as  are  eaitsed  Itv  Ijaeteria. 
In  some  eases  tlie  iliscases  are  readily  coniminiicntcd  from  pers^on 
to  person,  even  thougli  eontact  lias  not  been  immediate.  Tliese 
are  termed  coiilaf/lotM  dixeancfi,  wliile  the  term  nonccmtaffm(«  is 
given  to  those  in  wliieii  sueh  ready  transference  is  not  obser\'ed. 
As  a  matter  of  fad,  the  (iistinetion  is  artifieial.  Any  infeetions 
disease  may  he  eomiiiuiiieated  fiimi  the  diseased  to  the  healthy  if 
the  germs  or  haeteria  are  tnnisferred.  In  sunie  diseases  this  trans- 
ference readily  occurs,  even  throngh  the  air  an<l  at  considerable 
distances ;  in  otliers  actual  contact  is  neeessar\- ;  wliilo  in  still 
others  secretions  or  excretions  of  tiie  diseased  must  be  conveyed 
to  the  healthy.  Contagiousness  is  therefore  a  matter  of  degree 
only. 

Infectious  diseases  may  at  times  sjtread  in  {■oniiniinitics.  affect- 
ing large  niinibers  of  jwople.  Such  a  disseniiiiatioii  is  termed 
epidemic,  and  the  disease  an  epldemir  (Ui^cnse.  When  the  disaise 
spreads  over  large  areas,  as  a  whole  country  or  continent,  the  term 
jtandemie  difieaxe  is  applied.  Other  intectious  are  eonstiintly 
present  in  a  locality  ;  tnr  such  the  terms  I'udemic  and  endemic 
disease  are  used.  Some  endemic  iliseases  are  restricted  to  certain 
localities  and  seem  in  some  measure  dependent  ujyjn  local  con- 
ditions (of  atmosphere,  soil,  etc.)  for  their  continuance.  These 
are  called  viiasmatie  dixensm. 

Infectious  diseases  are  frequently  described  as  hicnl  or  rjeneral. 
Lfical  infections  are  those  that  ]»resent  speeitic  pathologic  change 
in  a  restricted  part  of  the  body  ;  tire  general  orgaiiisui  suffers  more 
or  less  in  conseuuencc.  Kxauijiles  of  this  are  erysi]>elas  and  diph- 
theria. General  infections  are  marked  by  an  immediately  gen- 
endized  disease,  as  in  typhus  fever  or  plague.  Strictly  speaking, 
most  if  not  all  of  the  sn-called  general  infections  are  at  first  hx-al. 
Among  purely  local  infections  might  be  named  the  diseases  of  the 
skill  due  to  vegetable  uiicro-org;inisuis. 

Entrance  of  Micro-OTganisms  into  the  Body. — Bacteria  may  l)e 
inhaled  or  swalhiwed,  may  enter  through  abrasions  in  t!ic  nuicous 
membranes  or  skin,  and  may  be  transfenx'd  in  uiero  from  the 
maternal  to  the  fetal  blno<l.  The  uumIc  of  entrance  in  individual 
diseases  tiejx'uds  m|mhi  the  nature  oi'the  bacterium,  its  haliitat,  and 
surrounding  conditions.  Some  nuiy  enter  in  but  one  way  :  otliers 
gain  access  in  any  of  the  ditfercut  ways.  Details  regarding  this 
subject  will  be  given  in  the  di-scussion  of  8i)ecial  infections. 

Animal  parasites  of  various  kinds  act  as  can.scs  of  di.sease. 
This  group  of  iliseases  is  terraecl  the  yxjm*(7(c  di.'<en><es  or  iurai<ion 
difieiixen.  In  some  instances  the  clinical  course  is  similar  to  that 
of  infiH'tious  diseases  (malaria,  dysentery,  trichinosisi ;  in  other 
cases  the  manifestations  bear  little  resemblance  to  infections. 
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CHAPTER   II. 

DISORDERS  OF  NUTRITION  AND  METABOLISM. 

Food. — In  thf  life  of  tlie  orgiinism  certain  sultstanpcs  are 
nee<le<l  fur  tlu'  ivpair  of  tissues  consumed  in  the  wear  and  tear  of 
life  aud  to  supply  lieat  and  other  energy.  Among  thesti  iiinds  are 
proteids,  wirbtiiiyd rates,  fats,  inorganic  salts,  and  water.  A  con- 
tinuance of  normal  existence  requires  niorc  or  less  definite  propor- 
tions of  the  first  three  and  at  least  a  snffieieni'v  of  «dts  and  water, 
The  amount  of  food  and  the  exai-t  ])ro[(i)rtions  vary  somewhat  in 
individual  eases  and  under  \'arving  circumstances.  N'oit  found 
that  a  lalwring  man  under  ordinary  ciHiditions  reijuires  118  g.  of 
proteid,  5«3  g.  of  fats,  and  oOO  g.  of  earholiydnites.  The  proteids 
of  the  diet  arc  necessary  to  restore  tissue-waste,  since  the  orgjin- 
ism  cannot  Kuild  up  [imteids  fruin  simpler  compounds.  This  c<jn- 
sumes  part  of  the  nitrngenons  foddslntJ's.  'J'he  resJ,  witji  most  of 
the  fats  and  carbohydnites,  is  mainly  useful  in  contributing 
energy. 

iHminished  Supply  of  Food ;  Inanition ;  Starvation. — 
Either  the  want  (jf  I'imhI  or  di.sorder  rjf  the  g:(stri>-iutestinal  tract 
rn;iy  lead  to  insufficient  nonrishmcut.  This  eauscs  a  loss  of  body 
weight,  as  the  necessjiry  hcat-pnMliicing  and  energy-givuig  suli- 
stances  must  be  su|>plicd  to  maintain  life,  and  the  tissues  are  con- 
enmod  for  this  purjM)se.  The  carboliydrtites  (glycogen  of  liver  and 
muscles)  and  fats  suffer  first  and  most  profiumdly,  and  unim[>ortant 
parts  are  reducr-d  before  tiie  vital  structures  arc  attacked.  Tlie 
subcutaneous  and  other  adipose  ti.ssues  anil  the  inus<'les  fir.st  waste, 
then  the  liver,  bones,  heart,  etc.  Nitrogenous  elimination  is  re- 
duced, though  it  still  indicates  a  considerable  dcgn^e  of  tisaue- 
waste.  The  chhjrids  in  the  urine  are  regularly  diminished,  while 
calcium  salts  are  increased  in  correspondence  with  the  destruction 
of  osseous  tissue. 

The  functions  of  varioiLS  organs  suffer  greatly :  the  respirations 
antl  heart-action  arc  weak,  muscular  exertions  arc  reduced  to  a 
niininuim,  tlie  endurance  and  nervous  force  decline,  the  body- 
temperature  sinks,  and  finally  death  may  occur  from  exhaustion  or 
eecondary  affections  con.scquent  ujwn  the  disturbed  nutrition  (see 
Acid-iut/»xication).  The  blood  in  starvation  preserves  its  corpus- 
cular richness  surprisingly,  even  after  prolonged  abstinence.  This 
is  doubtless  due  to  loss  or  evaporation  of  liipiid  ;  the  actual  num- 
ber of  corpuscie.s  probably  suffers  reduction. 

Increased  Supply  of  Food ;  Overfeeding, — The  effect 
of  this  depends  upon  individual  conditions,  such  as  the  amount  of 
exercise,  the  surrounding  temperature,  and  less  easily  demonstrable 
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peculiarities  of  the  individual.  An  excess  of  protcid  food  leads  to 
increased  exrretion  of  the  end-prodiiot  of  its  metalwlisin — urea. 
A  verv  siiiall  jircppurtinn  may  eoiitrihute  to  Liiildin^'  up  a  reserve 
amount  of  albuminous  tissue  ;  this  has  not  hecii  ]H)sitiveiy  proved. 
Great  excess  of  proteid  eventually  <listurlis  di>^istiuti  and  leads  to 
its  discharj^  with  the  feces. 

The  carbohydrates  and  fat.s  are  hnihtii  up  in  the  body  and  ex- 
creted nuiinly  as  ciirhauic  acid  and  water.  An  excess  of  these 
foods  tends  ti»  cuuse  increased  de|Mjsitiun  of  reserve  fat  and  gly- 
coe;en,  which  may  be  called  ii]niii  at  siihsetpient  times  of  need. 
This  deposition  is  a  normal  or  physioloirie  |>n>eess  and  has  the 
distinct  purpose  just  indicated.  Exceptiiaially  in  the  condition 
called  obesity  the  storing  up  of  fat  is  iuordinate  and  probably 
pathologic. 

Obesity. — The  origin  of  fat  is  still  a  subject  of  controversy 
amon>;  plivsiologists.  Acconling  to  the  oldest  view,  which,  how- 
ever, is  still  adhered  to  in'  some,  and  has  indeed  been  strongly 
defended,  the  tilt  of  tlie  body  is  derived  from  thiit  of  the  fowl,  and 
the  possibility  tif  tliis  has  actually  been  demonstrated.  Under 
ordinary  circumstances,  however,  only  a  part  of  the  fat  ia  so  pro- 
duced. Another  school  of  physiologists  maintained  that  the  pro- 
teids  i»f  the  fotul  break  U|)  into  a  nitrogenous  and  a  non-nitrogenous 
part,  tlie  former  l)eing  finally  excreted  as  urea  and  other  substances 
or  repairing  the  tissue-waste,  the  latter  part  contributing  energy 
or  forming  fat.  At  the  present  time  it  must  be  admitted  that 
though  proteids  may  possibly  form  fat  in  this  manner,  the  actual 
denioustnttion  is  still  wanting.  The  main  source  of  fat  is  cer- 
tainly the  carbohydrates  and  fat.s  of  the  food. 

Causes  of  Obesity. — Excessive  ingestion  of  fr«Ml  by  persons 
having  active  digestion  and  leading  sedentary  lives  may  occasion 
unusual  dcjmsition  of  fat.  It  is  dillicult,  however,  to  determine 
the  limits  between  physiologic  and  patlii>l<)iric  fatness.  In  some 
cases  patients  assert  thnt  the  amount  of  fo(Ml  has  not  been  exces- 
sive, and  this  may  be  actually  true.  Obesity  in  such  inilividuals 
is  undoubtedly  pathoh»j:tc  and  due  to  some  inherent  abnormality 
of  metabolism.  A  furtlnx  proof  of  the  existence  of  such  a  ten- 
dency is  seen  in  certain  families,  in  which  excessive  fatness  is 
common,  even  in  cliildluKxl.  The  nature  of  this  metabolic  dis- 
order is  obscure.  It  has  often  been  held  that  the  j>ower  of  oxida- 
tion is  lacking,  and,  as  a  matter  of  course,  the  amotnit  of  oxygen 
consumed  is  dcKcient  in  toniparison  with  the  amount  of  fowl  in- 
gested. This  must  lie  true,  or  the  fat  conld  not  accumulate;  but 
it  remains  to  be  showu  whether  the  diminished  oxygen-consump- 
tion is  the  primary  cause  or  only  an  incident  in  the  disease. 

Pathologic  Anatomy. — The  excessive  adipose  ti.ssne  in  this 
disea.se  is  found  in  the  skin  and  subcut;ineous  tissues,  in  the  omen- 
tum and  peritoneimi,  around  the  kidneys,  heart,  and  mediastinal 
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tissues,  in  the  liver,  ami  less  coinmoiily  elsewhere.  The  amount 
varies  from  slight  excess  to  monstrous  deposits.  Seoondary  changes 
in  tlie  organs  (notably  the  huart-imi.sclc)  may  he  due  to  pressure 
or  functional   inactivity. 

Aaeociated  Conditions. —  Fatness  is  niore  i>r  less  closely  re- 
lated to  certain  other  diseases  of  metaholisrn,  such  as  diabetes  and 
gout.  Anemia  is  frequently  present  and  has  sometimes  been  re- 
garded as  a  cause,  operating  liy  reducing  oxidation.  (Furtlier 
disous.-.ioii  of  tiiis  sul)ji'ct  is  included  under  Fatty  Infiltration.) 

Excessive  Tissue-destruction. — This  has  been  rcierrcd  to 
in  eonnectitm  with  inanition  ;  but  it  may  occur  !is  a  condition  in- 
dependent of  the  amount  of  food  ingeste<l.  Among  the  coinlitions 
in  which  this  is  ob.serve<l  may  lie  mentioned  fever,  infwtious  or  of 
other  forms;  ehn)uic  infections  disea.ses,  with  or  without  fever; 
tumors,  es[»eeially  carcinoma  ;  intoxications  of  various  si>rts  ;  sonie 
cases  of  Graves'  di.sea.se,  etc.  In  all  of  these  conditions  the  lilts 
of  the  Ixxly  may  waste  as  in  simple  inanition  ;  but  there  is  an  early 
and  marked  tendency  to  consumption  of  the  more  important  pro- 
teid  structures.  Tliis  latter  consumption  may  proceed  along 
physiologic  lines,  or  there  may  be  distinctly  |)atliologio  niodi(i<'a- 
tions  sometimes  leading  to  serious  results  (sec  .\cid-iu toxica tion). 

The  nature  of  the  ruetabolic  disturbances  in  these  cases  is  ob- 
scure, though  it  is  likely  that  toxic  suiistances  of  various  sorts  are 
the  direct  causes.  This  is  most  probable  m  the  case  of  direct  in- 
toxications (pho.sphorus),  but  is  also  likely  in  other  cases.  In 
Graves'  disease  and  carcinoma,  as  well  as  in  fevers,  there  are 
doubtless  poisr)nous  substances  in  the  blood,  but  whether  these  are 
the  causes  of  the  metJil>olie  changes  or  not  requii'cs  further  study. 
The  fact  that  thyroid  extract  is  capable  of  causing  excessive  de- 
struction of  tissue  in  normal  or  obese  jicrsons  is  significant  in  this 
connection. 

Acid-intoxication. — In  the  final  metabolic  transformation 
of  proteids  there  are  jiroduced  ammonium,  urea,  kreatinin,  and 
other  nitrogenous  substances.  The  formation  of  urea  is  still 
obscure  in  some  particulars.  It  is  certain  that  a  large  part  is 
produced  in  the  liver,  and  it  is  probable  that  some  is  formed  in 
the  muscles.  The  intermediate  steps  in  the  manufacture  of  urea 
have  not  been  definitely  determined,  but  it  is  known  that  the  liver 
is  cajjable  of  converting  nmmonium  salts  directly  into  urea,  and  it 
is  probable  that  ammonium  is  an  important  intermetliate  (jrmluct 
of  proteid  transformation.  An  excess  of  acids  iu  the  body  {cither 
from  introduction  from  without  or  production  in  the  body)  is  in 
part  neutralized  by  alkaline  bases  in  the  blood  and  tissue-juices, 
and  in  part  by  ammonium.  In  consequence  of  this  consumption 
of  ammonium  the  urea  of  the  urine  decreases  and  the  ammonium 
salts  are  increaseil.  The  quantity  of  such  salts  is  therefore  in  a 
measure  an  indication  of  the  condition  which  has  been  termed 
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acid-intoxication.  When  tlie  fixed  alkalies  (sodium  and  potassium) 
arc  drawn  ujion  for  nontralization  of  acids,  the  alkalinity  of  the 
Wiiod  is  lowered,  Furtiuiateiy  tliis  is  usually  prevented  In'  the 
almndanee  of  ainmoniuin,  Imt  in  extreme  cases  of  acid-intoxication 
tl;e  ainnionitun  dnes  uot  suffice. 

Experimental  acid-intoxication  is  easily  jiriMhieed  in  animals  Ky 
fcediu";  tlieui  wifli  foods  ilejirived  of  alkaline  liases  or  hy  direct 
admiuistnition  of  acids.  In  the  former  ease  the  acids  (sul|)huric 
from  the  suli>liur  of  albuminous  food  ;  and  jdiosphoric  from  the 
]>hos]iliorus)  resultinj^  frnni  trausformatiou  of  food  and  tissues  must 
be  neutralized  by  the  alkalies  i)f  the  body  and  tiie  ainiuonium  pro- 
duced in  the  process  of  urea-formation  in  the  liver;  in  the  latter 
case  there  is  direct  excess  of  acid.  Such  acid-intoxication  is  readily 
produced  in  herbivorous  animals,  as  the  amount  of  proteid  fofnl 
is  small,  and  in  cunscqueiice  l>tit  little  animnniiun  is  produced. 
Various  nervnus  symptoms  are  ul»served.  The  aninuil  breathes 
quickly,  the  pulse  jjrows  rapid,  ninseular  weakness,  ata.xia,  aiul 
tremor  dr'veloj>,  and  tiually  coma  or  collapse  terminates  the  ilis- 
ease.  The  administration  of  alkalies  nuiy  completely  arrest  the 
progress  of  the  condition,  and  full  restni-ation  nuiy  occur. 

Acid-intoxication  in  Man. — Somewhat  similar  symptoms  are 
seen  in  man  in  eerlain  diseases  In  which  decreased  alkalinity  of 
the  bloiwl  and  iru'n'ased  elimiiuition  of  ammonium,  with  deeresise 
of  urea  and  the  excretion  in  the  urine  of  certain  organic  acids,  have 
been  discovered.  The  a.ssnmption  is  warranted  that  these  are 
cases  of  acid-intoxicali<ui. 

Etiology. — ,Vm>iu<rthe  eonditiuns  in  which  this  occurs  are  fever, 
diabetes,  carcinoma,  acute  yellow  atrophy  of  the  liver,  severe 
anemia,  phosphonis-poisouiug,  advanced  gastro-iutestinal  disease, 
and  inanition.  SouuHimcs  no  discovcmble  aiuse  can  he  detected 
(cryptogenetie  acid-intoxicatiou).  (Jastro-intcstinal  disortlers  are 
very  likely  the  oeeasion  of  this  furm  of  obscure  acidosis.  Poisons 
produced  in  tiu'  intestines  jirobably  set  in  ]>lay  the  nu'tabolic  dis- 
turbances which  termiuate  in  c>ver-[)ro<hielion  of  acids. 

Among  these  acids  are  lactic,  sareolactic,  sulphuric,  phosphoric, 
diaci'ti*',  an<I  ^-oxyliutyric  acid.  These  in  j»art  combine  with  the 
fixe<l  alkalies  and  with  aiunioninm,  and  in  jiart  are  excreted  as 
such.  Sonu',  as  sareolactic  acid,  usually  suiler  decomiMisition  in 
the  body,  and  are  therefore  rarely  met  with  iti  the  urine.  The 
important  acids  are  oxybutyrte  ami  diacetie,  and  with  these  is  fre- 
quently comijincd  acetone.  These  three  biKlics  may  be  derived  one 
fn:im  the  other  in  the  onler  nanie<l.  None  of  them  is  in  itself  the 
specific  cause  of  the  symptoms  of  acid-intoxication,  nor  is  any 
gjK'i'ial  aciil  the  sole  cause.  The  symptoms  are,  on  the  contrarj-, 
probably  the  residt  of  the  acidosis  in  general. 

The  origin  of  the  acids  of  the  fatty  acitl  series  has  been  tlie 
subject  of  much  controversy.     It  ha.s  l>een  held  that  oxybutyric 
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diacetic  acid,  and  acetone  are  derivatives  of  pmteid  difoin- 
poi^ition  ;  and  the  fiu-t  tluit  thesf  hodics  increase  in  tiie  urine  of 
B«*iue  diabetic  patients  when  siunll  anioiiuts  of  earbohydnites  are 
supplied,  and  decrease  when  the  carbohydrates  are  increased, 
suggests  that  destnictive  decomposition  of  proteids  is  tlie  import- 
ant source,  though  it  may  not  be  tl»e  only  or  invariable  sourc-e. 
Some  recent  investigations,  however,  go  far  toward  iiulicating  that 
tlje  fats  are  an  important  source,  if  not  tlie  most  iniportunt  source, 
of  the  botlies  in  question.  It  was  shown,  for  exaniple,  that  the 
acids  and  acetone  could  be  increased  or  decreased  at  will  by  giving 
or  withholding  fats  in  tlie  dietary. 

There  is  always  rerhietiou  of  oxidation  in  eases  of  acid-intoxi- 
cation, but  it  is  not  known  whctlicr  this  i-  the  jirimarv  tlisturlv 
anee,  or  whether  it  is  but  an  aeeompaniiiieiiL  Kxperitii-'iitally  it 
luis  been  shown  by  several  observers  that  diminution  in  tlie  sn|)ply 
of  oxygen  will  lead  to  increase  of  these  acids.  They  prn()ubly  owe 
their  presence  to  excessive  production  and  to  the  failure  of  tlje 
normal  oxidation  which  would  reduce  such  bodies  to  simple  ex- 
cretory' pnxlucts.  Other  substances  may  result  from  tlie  same 
tissue-ilestruction  with  insiiClicient  oxidation.  Among  (liese  arc 
the  amido-liotlies,  leuein  and  tynvsiii,  found  in  tlic  urine  in  plios- 
phorus-j>oisoning  ;ind  acute  yellow  afropliy  of  the  liver  as  well  as 
in  other  conditions. 

Symptoms. — The  symptoms  of  acid-intoxication  in  man  may 
l)e  quite  similar  to  those  seen  in  cxperiiiiciits  upon  animals. 
Marked  dyspnea  (air-htinger),  rapidity  of  the  pulse,  depression, 
9tn]>or,  and  deep  coma  (coma  carcinumatosuin,  dialjetieum)  are 
some  of  the  more  pronouneed  manifestations.  Thecxjihination  of 
tlie  symptoms  occurring  in  acid-intoxi>-ation  is  not  entirely  clear. 
The  e.xtreme  dyspnea  which  is  one  of  the  most  cliaraeteristio 
symptoms  was  first  natunilly  referred  to  asphyxia;  but  as  it  has 
been  found  that  the  blood  cniitaiiis  an  a(li(|iiat<'  amount  of  oxygen 
and  a  greatly  diminished  qiinntity  of  f '<  t.^,  this  ixplniiutioii  cannot 
hold.  It  is  jirrdiable,  however,  that  the  dyspnea  is  <lue  to  the 
inability  of  the  blood  to  carry  off  carbon  dioxiii  from  the  cells,  in 
consequence  of  the  reduction  of  availalile  alkali  owing  to  its  neu- 
traliziition  by  the  acids.  There  is  thus  a  decrease  of  oxidation 
from  the  accuiniilatini)  of  cjirbon  dioxi<l  in  tlie  cells,  liut  not 
asphyxia  in  the  ordinary  sense  of  ibc  word.  Some  have  believed 
that  the  .symptoms  of  acid-intoxication  are  due  to  certain  as  yet 
unknown  toxins  which  are  produeed  at  the  sann'  time  as  the  acids. 
There  is  no  direct  proof  of  this,  and  the  evidence  at  hanil  would 
indicate  that  the  acids  in  themselves,  by  rediieing  the  alkalinity 
of  the  1)1o<k1  and  by  disturbing  the  metabolic  processes  in  the  cells, 
arc  >ufticicnt  to  cause  the  synqitonis. 

Formation  of  Albiiinoses. — In  disturbed  conditions  of 
metabolism  albumoses,  or  probably  very  rarely  peptone,  are  formed. 
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The  cavses  M'hich  lead  to  the  presence  of  these  substances  in 
the  blood  and  their  excretion  in  the  urine  are  numerous.  Fever 
of  all  kinds  may  be  attended  by  this  condition,  and  it  may  occur 
in  the  course  of  suppurations,  or  other  forms  of  tissue-destruction 
(acute  yellow  atrophy,  phosphorus-poisoning).  It  is  found  in 
ulceration  of  the  gastro-intestmal  tract,  and  in  some  cases  of  new- 
erowths.  The  occurrence  of  albumosuria  in  osteomalacia  has  long 
been  recognized. 

In  all  cases  there  is  rapid  tissue-destruction  in  which  the  albu- 
mins become  hydrated,  forming  some  variety  or  varieties  of  albu- 
moscs,  and  possibly  in  rare  cases  peptone.  Formerly  the  term 
peptonuria  was  generally  used  to  designate  what  is  now  called  albu- 
mosuria. The  presence  of  albumoses  in  the  blood  causes  no  well 
recognized  results.  It  is  known  that  they  retard  coagulability, 
and  their  ingestion  often  causes  leukocytosis.  It  is  very  likely 
that  they  have  other  effects,  but  these  are  obscure. 

The  term  peptone  is  now  quite  generally  limited  to  the  final  hydration 
product  according  to  the  definition  of  KUhne.  The  peptone  of  Brficke 
includes  certain  bodies  now  recognized  as  albumoses. 

Alloxin  Bases  and  Uric  Acid. — The  investigations  of 
recent  years  have  shown  that  these  substances  are  derived  from 
the  nuclein  of  cellular  nuclei.  The  xanthin  bases — xanthin, 
guanin,  adenin,and  hypoxanthin — are  intermediary  products  which 
partially  or  largely  become  oxidized  to  uric  acid.  Normally  the 
amount  of  uric  acid  is  far  in  excess  of  that  of  the  bases.  Some  of 
the  uric  acid  may  become  further  oxidized,  with  formation  of  urea. 
The  great  source  of  these  products  is  cellular  destruction,  and 
es{)ecially  that  of  tlie  leukocytes.  Abnormally  large  quantities  are 
found  in  the  urine  in  leukemia  and  in  some  cases  of  leukocytosis  ; 
and  in  a  measure  these  substances  furnish  an  indication  of  leuko- 
cytic destruction.  The  kind  of  diet  may  influence  tlie  amount  of 
these  l)odies,  acconling  as  it  is  rich  (veal,  thymus  gland)  or  poor  in 
ceUular  tissue.  The  attempt  to  establish  a  relationship  between 
certain  disorders  (lieadaehes,  migraine,  etc.)  and  increased  produc- 
tion of  alloxin  bases  has  not  as  yet  proved  satisfactory. 

A  theory  of  the  etiology  of  gout  has  been  proposed  by  Kolisch,  in  which 
it  is  held  that  the  kidneys  are  mainly  concernea  in  the  transformation  of 
the  xanthin-bases  into  uric  acid,  and  that  tliis  function  of  the  kidneys  is  re- 
duced in  gout.  The  excess  of  xanthin-bascs  resulting  from  this  cause  in 
turn  acts  destructively  upon  the  kidney-substance,  which  then  fails  to  excrete 
the  uric  acid  existing  in  the  blood.  This  theory  was  based  upon  work  per- 
formed with  a  faulty  chemical  method,  and  has  therefore  been  dii<credited. 

A  disease  in  some  way  dependent  upon  or  associated  with  ab- 
normal formation  of  uric  acid  and  alloxin  bases  is  gout. 

Gout. — In  its  typical  form  gout  is  a  paroxysmal  disease 
marked  by  deposits  of  urates  in  the  joints  and  other  stnictures, 
and  by  coincident  or  consequent  inflammatory  disturbances.  There 
are  many  varieties,  however,  of  irregular  gout  in  which  the  par- 
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oxysms  may  be  partly  or  wholly  wanting  and  in  which  the  disease 
takes  the  form  of  a  general  systemic  disorder,  or  of  organic  mala- 
dies of  various  sorts. 

Etiology. — Gout  is  essentially  a  hereditary  affection,  the  heredity 
not  rarely  being  polymorphous.  By  this  is  meant  that  in  certain 
fiunilies  gout  and  other  diseases,  such  as  obesity,  diabetes,  and 
arterial  sclerosis,  may  occur  interchangeably.  Gout  usually  de- 
velops in  the  later  years  of  life,  and  among  the  contributing  causes 
are  the  use  of  alcohol,  overeating,  sedentary  life,  and  chronic  lead- 
poisoning. 

Pathologic  Anatomy. — The  conspicuous  anatomic  lesions  are 
those  of  the  joints,  and  consist  of  the  deposit  of  urate  of  sodium 
in  the  cartilages  and  connective  tissue,  and  secondary  inflammatory 
changes.  The  latter  may  cause  great  distortion  and  fibrous  over- 
growth. Similar  urate  deposits  may  occur  in  the  cartilages  of  the 
ear,  eye,  and  nose,  and  in  the  subcutaneous  connective  tissue  or 
elsewhere.  These  deposits,  called  the  gouty  tophi,  may  subse- 
quently disappear  by  absorption  or  by  discnarging  through  the 
skin.  Cirrhosis  in  various  organs  and  tissues  of  the  body  fre- 
quently occurs  in  the  course  of  gout.  Among  these  the  cirrhotic 
or  gouty  kidney  is  most  important.  Atheroma,  cirrhosis  of  the 
liver,  hypertrophy  and  fibroid  change  in  the  heart,  and  chronic 
valvular  disease  are  also  frequent. 

Pathogenesis. — According  to  the  older  theor}'  of  gout,  the  dis- 
ease is  due  to  increased  quantities  of  uric  acid  in  the  blood.  It 
has  been  found,  however,  that  in  other  conditions — as,  for  example, 
leukemia — excess  of  uric  acid  may  occur  in  the  bloo<l  without  any 
symptoms  like  those  of  gout.  The  uric-acid  excretion  of  the  urine 
has  been  found  to  decrease  markedly  during  a  few  days  before  an 
attack,  and  the  assumption  has  been  made  tliat  the  acid  nccunui- 
lates  in  the  blood  and  is  then  deposited  in  the  tissues.  It  is  pos- 
sible, however,  that  changes  in  diet  and  the  occurrence  of  the 
deposits  themselves  may  be  the  cause  of  the  preliminary  fall  in 
uric-acid  excretion.  Subsequently  during  the  gouty  attack  the 
average  excretion  of  uric  acid  does  not  differ  from  that  seen  in 
health.  Prior  to  the  deposits  local  cellular  necroses  are  believed 
by  many  to  be  necessary  for  the  deposit,  and  these  necroses  have 
been  attributed  to  the  excessive  amount  of  acid.  Proof  is  wanting, 
however,  to  show  that  excessive  quantities  of  uric  acid  are  capable 
of  causing  such  degenerations  or  necrosis.  In  some  cases  trauma- 
tism may  play  a  part  in  localizing  the  gouty  precipitations ;  in 
most  cases,  however,  the  cause  is  obscure. 

The  cause  of  the  fluctuation  in  the  excretion  of  uric  acid  is 
still  obscure.  An  old  theorj'  that  diminished  oxidation  in  the 
tissues  is  the  immediate  cau.se  is  no  longer  tenable ;  and  a  newer 
view,  which  asserts  that  an  accumulation  of  uric  acid  results  from 
failure  of  the  renal  function,  has  not  been  established. 
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Glycosuria  and  Diabetes. — A  certain  amount  of  grape" 
sugar  occurs  in  tlic  blooii  iiinl  urine  of  normal  {>crsons.  The 
quantity  in  the  blood  varies  from  0.1  to  0.2  per  cent.  Notable 
increase  above  these  figures  constitute.^  a  pathologic  condition, 
hypergljicania.  Sometimes  other  forms  of  sugar,  as  levulose,  occur 
in  the  blood  and  urine.  When  tJx-re  is  sufficient  sugar  in  the 
urine  to  bo  discoverai)lc  by  the  orditiary  tests,  the  condition  is 
pathologic  ami  is  tt-rnu'd  f/hifuxiiria.  This  may  be  transient  and 
trivial  in  cliaracter,  or  a  manifestation  of  a  definite  diseased  con- 
dition called  diabetes. 

The  disposition  nuide  of  carbohydrate.s  by  tlie  animal  body  !s 
not  definitely  known  in  all  partieidars.  It  is  certain,  however, 
that  these  substances  are  deposited  in  the  liver  and  in  the  muscles 
in  the  iorni  of  glycogen,  that  tbey  form  fats,  and  are  in  part  con- 
sumed by  oxidation.  The  <le]iosit  i>f  glycogen  is  of  the  nature  of 
a  n'serve  store,  the  sy.stem  thus  being  prepared  for  intervals  of 
abstinence,  The  glycogen  is  gnnlual!y  discharged  from  these 
tissues,  and  thus  the  (juantity  of  sugar  in  the  lilofid  is  maintained 
at  a  nnjre  or  less  constant  level. 

Alimentary  glycosuria  is  a  term  ap]>lie*l  to  glycosuria  occurring 
in  healthy  or  diseascil  jx'i-sons  as  a  result  of  excess  of  carbohydrate 
f<K)d.  It  is  easily  priMluewI  by  the  aduiinistiiitinu  lA'  considerable 
ijuantities  of  milk-sugar,  levulose,  cane-sugar,  or  glucose.  The 
ilrinktng  of  beer  seems  to  aid  particularly  in  its  development. 
The  explanation  of  this  condition  seems  a  simple  one.  The 
organism  is  unable  to  store  up  or  consume  the  amoinit  of  cjirbo- 
hydratcs  administered,  and  the  excess  is  therefore  <lischarge«J 
through  the  kidneys.  The  ease  with  which  such  glycosuria  is 
developed  ditfers  in  ditl'erent  individuals,  and  reseaix'hes  have  been 
made  to  ditfrruinc  the  cfuiditioiis  tliat  i'avor  its  development.  The 
liver  in  particular  has  been  suspected  as  the  orgini  most  likely 
ineflieient  in  these  cases,  but  thus  far  no  definite  facts  have 
been  learned  ;  and  the  rvlt  of  this  organ  has  probably  been  exag- 
gerated. 

It  19  worthy  of  nttention  tliat  alimentary  clycosurift  is  pronounced  in 
diabetes  nieliitus,  and  may  lie  found  in  lunrked  degree  before  constant  gly- 
cosuria i«  (ietecti'd.  Tlie  existing  glycosuria  is  groiitly  increased,  or,  if  the 
disease  i»  not  in  iin  active  stage,  glucose  may  iippt-ar  when  excess  of  sugar 
or  starch  is  administered,  though  it  had  not  hien  ]ircseiit  before. 

Erpei-imi'iihtf  f//ifri>f!iii-iii,  protlueed  by  adiuiuisti-ation  of  phlorid- 
zin,  offers  several  puzzling  facts  for  consideration.  It  shows  that 
excess  (^f  glucose  in  the  l)lood  {hi/peir/l_i/cemia)  is  not  a  neces.sary 
oonditi*u)  for  the  occurrence  of  glycfisuria.  After  administnttion 
of  phlori<lzin,  a  glucoside  which  contains  about  -10  per  cent,  of 
sugiir,  there  is  no  excess  of  sugar  in  tlie  blood,  but  glucose  appears 
in  the  urine,  anri  ituleed  more  than  could  have  been  produced  by 
the  entire  cpiantity  of  phloridzin  administered.  This  shows  that 
there  X8  abstraction  of  sugar  from  the  reserve  stores  in  the  b<xly. 
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It  is  not  unlikely  that  the  renal  cells,  by  actively  eliiuinatinirsujiar 
from  the  bliKxl,  play  a  part  in  the  occurrence  ul"  this  unusual  exere- 
tion.  This  fact,  tt^ether  with  the  disapix-anince  of  snj^ar  frotii  the 
urine  in  the  late  stiiges  of  some  cases  of  diabetes,  when  renal  disease 
has  occurred,  has  sufrtpostod  the  possibility  of  rcnnl  frmiiJi  oj  rjlyvo- 
guria  ami  diabehs.  This  view,  however,  has  not  yet  been  established. 

Clinical  Causes  of  Glycosuria. — Glucose  appears  in  the  urine  in 
many  conditions,  ineludinj:  dietary  excesses,  various  infectious  dis- 
eases, intoxications,  and  concussion,  injury,  or  disease  of  the  central 
nervous  system,  esj>eetally  the  floor  of  the  fourth  ventricle. 

Diabetes  is  a  disease  in  which  |Milynrta  and  glycosuria  are 
marked  symptoms.  It  is  not  iniprnbablc  that  the  term  includes 
disorders  of  quite  different  sorts,  but  no  ditl'creutiation  of  such  is 
possible  at  the  present  time.  A  mild  anil  a  ncvcre  form  are  dis- 
tino;uished,  and  these  present  some  striking  diflerenccs,  to  which 
refcn'Hce  will  f)e  tnade  below. 

Etiology. — Diabetes  is  friMpientlya  hereditary' disease,  occurring 
in  families  in  which  the  same  disease  or  obesity  and  gout  have 
occurred.  Tiie  Jews  seem  particularly  liable  to  it.  Overeating, 
eedentary  lite,and  gout  are  causes  of  some  ini|>ortance,  especially  of 
the  milder  form.  Sometimes  abnormal  conditions  of  the  nervous 
sviftein  may  be  the  underlying  cause.  Among  these  ave  I'ltnctinuid 
liepressions,  as  in  i-ases  of  excessive  grief;  traumatic  injuries  with 
c<incu.«sion  of  the  bniin  ;  and  local  <liseases  at  the  base  of  the  brain 
in  the  vicinity  of  the  medidla.  Disease  of  the  pancreas  is  the 
proliable  cause  in  many  cas*;s,  and  may  possibly  plav  a  part  in  all 
cases,  though  demonstrable  lesions  of  the  ])aucreas  arc  not  present 
in  all.  Diabetes  may  iK-cnr  in  the  young  or  after  initldle  life,  the 
milder  cases  more  tre<piently  oci-urring  at  tire  latter  jwriod. 

Pathogenesis. — In  tlic  milder  ca.ses  of  diabetes  the  same  ex- 
planation may  i)e  applicable  as  that  given  for  irlvcosuria,  viz.,  the 
liver  and  muscles  do  not  store  up  tlic  carbohydrates  carried  to 
them,  an<l  the  excess  of  sng:ir  is  not  burned  irp  in  the  tissues. 
Hy[)erglycemia  with  consequent  glyensuna  results.  In  these  cases 
the  withdrawal  of  carbohydrate  tbiHl  or  temporarv  abstinence  fn>m 
all  food  may  cause  ilisapfvarance  of  the  glycosuria.  In  severe 
cases  this  explanation  is  not  ap]dii;able,  since  the  amount  of  glucose 
in  the  urine  is  often  but  little  atfcete*!  by  abstinence  from  carbo- 
hydrate food  or  even  by  starvation.  It  is  quite  certain  that  in 
these  severe  cases  the  tissues,  cs[M?cially  the  muscles,  furnish  the 
mgar  excreted  in  the  urine.  In  normal  individuals,  and  even  in 
ose  suffering  with  mihl  diabetes,  the  sugar  thus  libcrate<l  is  burnot 
in  the  tissues.  Glycosuria  dws  not  therefore  occur.  Severe  and 
mild  diabetes  differ  only  in  degree  :  in  one  case  the  jmwcr  to  con- 
sume sugars  is  greatly  deficient,  in  the  other  only  nuMlerately  so. 

The   nature  of  the   metalxjiic   disturbances    that  lead   to  this 

^inability  to  dispose  of  earboliydrates  is  still   very  obscure.     The 

Id  theory,  that  there  is  a  lack  of  oxidizing  power,  is  disposed  of 


42 


TEXTBOOK  OF  PATHOLOOY. 


by  the  experinieiit;il  domonstration  tliat  oxidation  may  be  nor- 
mally active.  It  is  not  imprubable,  liowevLi*,  tiiat  the  oxidation 
of  sugar  is  retartle<i  by  the  failure  of  certain  preparatory  stages  in 
the  decoinposititin  of  the  sugar  moleeiile,  as  a  result  of  which  it 
cannot  be  oxidi/.i'J  Ijv  the  tissues.  The  iuHuenee  of  the  ner^•0U8 
sy.stein  is  undoubted.  Keferenee  may  here  be  made  to  tlie .occur- 
rence of  diabetes  after  puncture  of  certain  parts  of  the  brain 
(medulla).  At  one  time  puncture  wa.s  tliouglit  to  act  tfirough  the 
vasomotor  mechanism,  congestion  and  distnrlmnce  ol  function  of 
the  liver  being  reg-ardet!  as  the  ini|)ortant  consequence  of  vasomotor 
deniugenieut.  At  the  |)reseut  time  the  pitrt  played  by  the  liver  is 
considered  less  imjMjrtaut.  No  siitisfactorv  ex]>laniition  of  the  r6h 
of  the  nervous  system  in  the  etiology  of  diabetes  has  been  i>re.sented. 

Older  pittht)logie  studies  showed  that  diseases  of  the  pancreaa 
are  frequently  associated  with  diabetes;  and  recent  experimental 
investigations  emphasize  this  relationship.  Total  extirpation  of 
the  pancreas  in  the  lower  animals  causes  diabetes.  It  has  not, 
however,  been  shown  in  what  way  pancreatic  disease  or  ablation 
act«,  though  Lepine  and  others  believe  that  the  pancreas  elaborates 
a  glucose-destroying  (glycolytic)  ferment,  whose  absence  imder  the 
conditions  named  causes  accumulation  of  sugar  in  the  blood  and 
consequent  glycosuria.  Recent  pathologic  studies  indicate  that 
the  pancreas  elabomtes  an  "  internal  secretion "  that  somehow 
affects  tlie  dispnsal  of  sugiir.  This  secretion  i.s  pi-obahly  made  by 
the  islands  of  Langerhans  (.see  Pancreas),  but  the  evidence  in  the 
matter  is  indirect,  and  jiositive  views  cann()t  yet  be  expressed. 

The  view  that  diabetes  is  due  to  inerea.sed  formation  of  sugar 
has  been  definitely  ilisproved. 

Metabolism  in  Diabetes. — The  essential  fact  is  the  inability  of 
the  body  to  consume  carbohydrates  for  the  production  of  energy. 
As  long  as  excess  of  proteid  and  fatty  food  is  taken  and  consumed, 
no  disturbance  of  the  general  metabolism  results  ;  but  when  diges- 
tion fails  or  the  diet  is  poorly  regulated,  destruction  of  the  protcids 
of  the  body  wilh  increased  excretion  of  urea  occurs.  Emaciation 
may  be  prevented  for  a  time  by  increased  consumption  of  proteid 
food,  but  eventually  iwours.  In  the  destruction  of  the  proteids 
of  the  food  and  tissues,  acids  are  formed  in  excess  (phosphoric  from 
the  phosphorus,  sulphuric  from  the  sulphur,  y?-oxybutyric  and 
diacetic  from  the  albumins  or  fat.s),  and  the  condition  tcrmetl  acid- 
intoxication  (see  aViove)  results.  A  eonsef|uen<ve,  and  to  some 
extent  a  measure,  of  this  is  the  increased  excretion  of  anmionium 
salts  in  tlie  urine.  The  uric  acid  of  the  urine  is  l»ut  little  increased 
in  diabetes. 

Pathologic  Anatomy. — Aside  from  the  lesions  already  referred 
to  as  in  some  way  related  to  the  causation  of  the  disease,  there  are 
found  jmthologic  changes  of  various  kinds  that  result  from  it. 
The  lesions  of  gout  (arterioselero.sis  and  cirrhotic  kidneys)  may  be 
of  the  nature  of  mere  concomitants,  or  may  be  direct  results  of 
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|dial>otes.    Renal  tlisoases  are  of  peculiar  interest.    Late  in  diabetes 
jalhimiinuria  frequently  develops  and  interstitial  nephritis  may  fol- 
low.    When  tins  oceurs  tiie  plycosiiria  and  Mtlier  syniptom.s  of 
diabetes  sometimes  subside.     Tlie  ex|)liui:Uiiiii  of  tin's  is  oliseure 
(see  under  Glycosuria).      Changes   in  the   liver  (cirrhosis)  have 
often  been  found,  and  have  been  regarded  a"*  causative  in  some 
cases.      A   peculiar  form   of  diabetes   with    hepatic   disease   and 
I  general  icteroid  sfainintr  (iii'tnocliromatosis)  of  the  skin  and  other 
tissues  has  been   desi'rihfii    under  the  title  it'tubHc  broiizf.     Skin 
[eruptions  (eczema,  furnneles,  carbuncles)  are   frequent  in  eortuiu 
[forms  of  diabetes,  and  pms^rene  of  the  extremities  is  couinion. 
Pneumonia  and  pulmonary  tuberculosis  are  anion}:  the  frequent 
developments  of  late  stages  of  tlie  disease.     Chronic  endocarditis, 
neuriti.s,  and  cataract  are  comparatively  rare  lesions.     The  blood 
in  diabetes  is  less  alkaline  tliaii  normal  and  contains  an  excess  of 
solid  matter,  particularly  when  great  polyuria  has  letl  to  inspis- 
,  sation. 

Ozalnria. — This  term  is,  strictly  speaking,  npplicable  only  to  increase  of 
f  oxalic  aciJ  in  the  urine,  hut  is  Ui^imlly  employpcl  fur  fii.'t's  in  which  eryntals 
1  of  oxalate  of  lime  are  found  uhuudant  in  the  urine.  TIil*  nuniia!  miixininni 
of  oxalic  acid  is  20  uigr.  for  twenty-four  Imurs.  True  oxiiiuria  deterniiiicd 
by  chemical  estimation  of  the  total  excri'tion  of  oxalic  acid  lias  liecn 
found  in  jaundice  and  in  some  case^t  of  diabet*.'.-*.  The  source  of  o.xniic 
*cid  in  the  urine  is  still  somewhat  in  doubt.  Several  investigators  claim 
to  have  found  that  the  older  view  regarding  its  presence  iii  excess  in 
the  urine  followiiijif  certain  kinds  of  vegetable  diet  is  erroneous,  and  tliat 
there  is  no  such  thing  as  "  alimentary  oxaluria.''  The  weight  of  opinion, 
however,  still  favors  the  older  view.  There  is  some  experimental  evidence 
for  tlie  belief  that  intestinal  fermentation  is  an  important  factor  in  the 
formation  of  oxalic  acid.  While  this  may  be  true,  there  si-ems  little 
doubt  but  that  the  oxidation  of  uric  acid  .accounts  for  the  presence  of 
much  of  the  oxalic  acid  in  the  urine,  and  that  nucleius  and  inicleo- 
sibumin  are,  therefore,  important  sources  of  derivation.  The  authors  who 
Lave  argued  in  favor  of  a  specific  ilisejLse  marked  by  nervous  symjitnins 
and  oxaluria  ba.scd  their  observntinus  riii  the  [>resi'iicc  of  an  exct-ss  of  oxa- 
late sediment,  rather  than  on  chemical  exumiiiations.  Increased  sediment 
occurs  in  certain  instances  of  gout  in  which  the  oxalates  alternate  with  uric 
acid  or  coexist  with  this.  In  these  cases,  as  in  cases  of  oxalate  calculus  in 
the  kidney  or  bl.idder,  the  important  causative  factor  is  most  probably  some 
alteration  in  the  constitution  of  the  urine,  such  as  conversion  of  nionosodic 
phosphate  into  the  disodic  phosphate,  that  reduces  the  solvent  power  of 
the  urine  for  oxalate  of  lime. 

Phosphaturia. — This  term  should  be  restricted  to  increased  excretion 
of  phortphorie  acid,  rather  than  to  the  presence  of  increased  [)hosphati>  sedl- 
bnient  in  the  urine.     The  latter  may  be  due  simply  to  wiint  of  aeiiiity  of  the 
Itirine.     The  daily  maximum  of  phosjihorie  acid  with  oriliiiary  diet  is  from 
fS..^  to  4  g.     The  term  phos]>hatnria  might  also  be  ajiplieii  to  citses  in  which 
)no  absolute  excess  of  phosphoric  acid  is  found,  but  in  which  this  .suhsfance 
is  relatively  in  excess  when  compared  with  the  cxcri-tioii  of  nitrogen.     The 
normal  proportions  are  from  17  to  2(1  parts  of  phosphorii-  uciil  for  lUO  jiarta 
of  nitrogen.     Phosphaturia  in  the  sense  just  ileserihed  has  been  found  in 
some  caseti  of  inanition.     Decided  increase  in  the  phosphatic  excretion,  ab- 
solute as  well  as  relative,  oi-cnrs  in  some  cases  of  diabetes;  al.so  in  eases  of 
tnbercaloeis  and  disease  of  the  bones,  such  as  ostitis  and  osteomyelitis.     In 
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considering  the  f|ut'stion  of  [ihosphatic.  excretion  in  the  urine  it  is  important 
to  remember  that  the  jrreatest  portion  of  phosphoric  acid  is  derived  from 
the  food,  only  minor  qujintities  coming  from  the  metabolic  consumption  of 
tissues.  Further,  it  must  bu  remembered  that  much  of  the  phosphoric  acid 
of  metabolism  is  excreted  through  the  bowel.  The  term  diabeta phntfihalieu* 
haa  been  used  by  Teissier  for  phosphaturia  in  the  sense  of  increased  total 
excretion,  and  four  varieties  have  lieen  described  :  (a)  cases  with  polyuria 
and  marked  nervous  symptoms;  (i)  cases  preceding  or  accompanying  pul- 
monary diseases,  especially  tuberciihisis ;  (c)  cases  in  which  phosphaturia 
alternates  with  orcoesists  with  glycosuria;  and  ((/(cases  in  which  oxaluria, 
tiiilyuria,  iunl  slight  albuminuria  are  present  and  in  which  there  is  some  re- 
liitionship  svith  pout. 

The  nature  of  the  metabolic  disturbances  in  uhosphaturia  are  obscure. 
Sometimes  the  disorder  of  metabolism  seems  to  ue  merely  quantitative,  in 
other  cases  doubtless  qualitative. 


FEVER. 

Definition. — It  is  not  easy  to  dntiiip  this  term  acoiimtoly, 
tJinuirh  \VL'  may  ivgitixl  as  ti'vcr  a  coiiditioii  in  wliii-ii  tiic  tomjKTii- 
tiire  of  tJK'  Ixjfly  is  elevatwl  alwvo  tlit-  normal  (!)S.(>"  F. ;  37°  t'.^ 
and  in  which  the  ti.ssue-mftaliolism  is.  altered  in  tho  direction  ot 
incri-a-sed  consumption.  There  are  eases  in  whit-h  the  latter  is  in- 
signifieant  or  waiitiiifr,  and  there  are  other  instances  in  which  the 
teni[H'ratiire  remains  normal  or  subnormal  under  iiiHuences  tliat 
ordinarily  provoke  fever.  It  is  doubtful  whether  mere  elevation 
of  teni]H'ratiire,  sueh  as  occurs  in  experimental  injury  of  certain 
parts  of  the  brain,  et)nstitutes  fever;  but  unquestionably  it  would 
be  improper  to  apply  tliis  term  to  conditions  of  excessive  tissue- 
destruction  without  elevation  of  tempeniture. 

Nature. — It  is  im]iortaiit,  lirst,  to  consider  the  regulation  of 
the  ti'iupci-atun'  In  health.  In  the  normal  individual  heat  is  pro- 
duee<l  in  the  body  by  constant  oxidation  and  other  metabolic 
activities,  and  the  excess  is  dissipated  by  radiaticm  from  the  sur- 
face and  the  heating  or  evaporation  of  excreta.  These  processes 
of  hcdl-ju-diJni'JioH  and  /icnt-dinxipniioii  are  regulated  in  an  orderly 
manner  under  the  inHnence  of  the  nervous  system.  Special  centers 
for  the  production,  disf-ipation,  and  regulatir>n  of  heat  have  been 
described  by  the  [ihysiologists,  though  their  location  and  meth<xl 
of  operation  still  remain  in  doubt.  Whatever  the  exact  mechani.sm 
may  be  litund  to  be,  it  is  quite  certain  that  in  some  way  the  ner- 
vous system  exercises  a  control  over  pnHhiction  and  discharge  of 
heat. 

The  excessive  heat  of  fever  may  conceivably  be  due  to  excess 
of  heat-j>r(Mluction,  to  diminution  of  the  dissipation,  to  both  of  these 
conditions,  or  to  increase  of  both  with  greater  excess  of  produc- 
tion. In  most  instances  of  fever  in  man  it  apjtears  that  produc- 
tion and  dissipation  are  both  increased,  though  the  latter  is  in- 
Bufficient.  At  the  onset  heat-dissipation  may  for  a  time  be 
diminished.     The   increased    production    results   from    increased 
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!  oxidation  and  other  metabolic  processes.  A  study  of  the  respira- 
tory exchange  of  gases  shows  that  oxygen  is  consumed  in  grentcr 
quantity  than  normally.  an<l  the  quantity  of  CO^  is  correspond- 
ingly increa^etl.  The  cxce?s  may  amount  to  as  munh  as  20  per 
cent.,  but  in  part  this  increased  oxidation  is  due  to  tlio  stimulation 
of  muscular  contractions  in  rigor,  etc.  Investigation  of  the  ex- 
creta shows  at  the  same  time  evidences  of  more  or  less  rapid  and 
extensive  tissue-waste.  The  ((uantity  of  nitrogen  eliminated  is  in 
excess  of  that  consumed  in  the  food,  and  wasting  of  the  tissues 
results.  The  albimiinous  elements  sutler  particularly  in  the  meta- 
bolic wasting,  the  decrease  of  fat  being  more  especially  dependent 
on  in-uffieieney  of  food. 

Etiology. — The  causes  of  fever  doubtless  vary  greatly.  Di- 
rect exjKJSure  to  heat  does  not  affect  the  teinperatiu'e  more  than  a 
fraction  of  a  degree  in  htialthy  [M'rsi>n>,  utdess  the  surrounding 
tenijierature  is  very  great.  <  Jniinarily  the  heat-regulating  mech- 
anism maintains  a  proper  adjustment.  Exeissive  heat  may,  how- 
ever, bring  on  fever,  as  in  the  east^  of  sunstroke.  Hei"e,  it  has 
been  held  that  the  heat  leads  to  direct  <1isturl)anees  of  the  nervous- 
regulating  ajjparatus  ;  iiut  recent  inve>tigatious  seem  to  show  that 
there  are  first  produced  toxic  substances  whieh  ^econdarily  influ- 
ence the  heat-centers  of  the  brain.     In  another  class  of  cases  still 

iinore  direct  disturbance  of  heat-regulation  seems  to  occasion  fever. 
Among  these  cases  are  the  instances  of  fever  in  hysteria  and  otfier 
ners'ons  disea.«es. 

In  the  great  majority  of  eases  of  fev<'r  it   is  fjnite  certain  that 

'toxic  substances  arc  the  cause  of  the  febrile  disturbances.  These 
substances  may  be  of  quite  different  sorts.  In  the  case  of  infections 
it  i.s  known  that  certain  substances  contaiiH-d  within  the  bacteria 
themselves  may  cause  fever,  and  that  products  of  the  growth  of  the 
micro-organisms  may  have  the  same  ttVcct.  The  latter  are  prol;- 
ably  of  albuminous  nature.  Other  alhuniinous  bodies  resulting 
from  normal  or  disturbed  mctalKilism,  indcftendeut  of  the  action 
of  bacteria,  such  as  albumoses,  jxiptone,  tissue-iibrinogen,  etc.,  may 
be  equally  potent;  and  various  ferments,  such  as  jwpsin,  fibrin- 
ferment,  diastiisc,  etc.,  are  known  to  have  the  same  power.  These 
facts  explain  the  multijvlicity  of  causes  capable  of  producing  fever, 
.as  any  chemical,  meelianical,  or  bacterial  injury  of  the  tissues  may 
liberate  toxic  substiinces,  wiiicli  in  turn  act  upon  the  nervous 
sy.*tcra  and  ix-casion  the  jvhenomena  of  fever. 

FatholO£^C  Physiology. — Fever  is  accompanied  by  or  leads 
to  a  variety  of  disorders.  The  appetite  is  lost,  there  is  excessive 
thirst,   emaciation  is   habitual,  nnd   the   functions  of  the  various 

'organs  are  more  or  less  disturbed.  To  a  large  extent  these  results 
are  doubtless  due  to  the  presence  of  toxic  substances  in  the  blood 
and  to  other  changes  in  this  fluid.  There  is  always  a  tendency  to 
inspissation  of  the  blood,  the  number  of  corpuscles  being  augmented 
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(relativi^ly)  ami  tlie  specific  gnuity  increasing.  This  is  not,  how- 
ever, iiivarialjly  the  case,  as  destruction  of  the  solid  matters  of  the 
bloo<l  may  exceed  the  loss  of  liquid.  The  alkalinity  of  the  blood 
is  more  or  le.«s  reduced  by  the  pr«lucti(>!i  of  various  acids  in  the 
increa.-ieil  tis!»ue-<le.«tniction.  A  common  or  possibly  characteristic 
metabolic  process  is  the  hydration  of  the  albuminous  tissues  with 
formatinii  of  albuniijses.  There  is  little  accurate  knowledge  of 
the  toxic  substances  in  the  blood.  The  original  poisons  that 
caused  tlic  fever  may  be  toxic  for  the  entire  organism,  and  other 
poisons  may  be  prixluccd  by  the  elevation  of  temperature  and 
the  diiittirbet]  metabolism. 

Pathologic  Anatomy. — Definite  morbid  changes  may  occur 
in  tlie  various  tissues  of  the  body,  notably  the  muscles,  heart,  liver, 
and  kidneys.  Among  these  changes  are  cloudy  swelling,  fatty 
degeneration,  and  coagulation-necrosis.  It  is  unlikely  that  these 
changes  are  the  direct  result  of  the  increased  tenijieralure.  More 
probably  they  restdt  from  the  action  of  toxic  substances  generated 
in  the  course  of  the  fever. 

Conservative  Effects  of  Fever. — While  fever  occasions 
many  disturbances  and  leads  to  various  pathologic  consequences,  it 
is  not  improbable  that  t'leiv  is  a  eert^iin  measure  of  usefulness  in 
it.  Some  authors  have  called  attention  to  the  fact  that  rapid 
redtu'tiou  of  the  tem|>eniture  under  the  infiuence  of  antipyretics 
is  often  followed  by  lianiiful  eonse<[Uenees.  This  does  not  neces- 
sarily prove  the  usefulness  of  the  fever,  as  the  antipyretics  are  all 
capjible  of  liarm  in  themselves.  A  more  definite  pnwf  of  the  uses 
of  fever  is  that  obtained  by  subjecting  infected  auiiuals  to  high  tem- 
peratures or  to  febrile  conditions,  and  then  studying  the  progress 
of  the  intiH'tion.  Hiider  these  circumstances  it  has  been  found 
that  the  course  of  various  infections,  such  as  with  the  Diplococcus 
pneumonia;,  the  bacillus  of  typhoid  fever,  and  other  organisms,  is 
much  milder  and  the  conseouences  less  serious  than  in  animals  not 
placed  under  the  sjime  comlitions.  These  results  agree  very  well 
with  exjMTiruents  witii  bacteria  outside  the  animal  IkkI)'.  For 
example,  it  is  known  that  many  of  the  bacteria  are  influenced 
unfavorably  in  tlieir  growth  aud  virulence  bv  excessive  tempera- 
tures (104°  to  107.6°  F.  :  40°  t«  42°  C).  Whether  in  the  IxKly 
the  temperature  aflects  the  micro-organisms  directly  or  indirectly 
through  the  produetiou  of  antitoxic  substances,  or  in  other  ways, 
remains  unsettled.  It  is  not  unlikely  that  increased  circulation 
and  respiration  favor  the  elimination  of  the  toxins  that  cause 
the  fever.  Increased  toxicity  of  the  urine  has  been  found,  but 
the  methods  employed  are  open  to  criticism. 
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GENERAL  DISTURBANCES. 

The  circulation  of  the  blood  is  muiiitained  by  the  rhythmic 
contractions  of  the  aurieh's  and  vi'iilriclcs  of  the  h<-;irt,  aided  by 
the  elasticity  of  the  arteries;  by  tftc  e(iiir[>re.s.sii>ii  of  tJie  veins  by 
the  muscles ;  and  by  the  suction  of  tlio  insspiratory  movements  of 
the  chest. 

General  disturbances  of  the  circulation  result  from  lessened  or 
excessive  heart-power,  from  arterial  disturbances,  or  from  chanj^es 
in  the  quantity  or  character  of  the  blood.  Muscular  and  respira- 
tory weakness  may  be  coutribiiting  cau.ses. 

Weak  Heart. — There  are  various  forms  of  heart-disease  that 
may  lead  to  disordered  circulation.  The  muscle  itself  may  be 
weakened  from  overstrain,  the  fevers  or  other  diseases,  the  action 
of  poisons  or  insufficient  nourishment,  as  in  the  anemias,  or  from 
narrowing  of  the  coronary  artery.  The  muscle  may  be  soft  and 
cloudy,  fatty,  or  hardened  by  .sclerotic  changes.  There  may  be 
no  evident  muscular  disease,  but  merely  functional  weakness  of 
the  intracardiac  ganglia.  The  valves  or  orifices  of  the  heart  may 
be  diseased,  and  regurgitation  or  obstruction  of  the  blood-flow  re- 
sults. Sometimes  bhxxl-clots  form  within  the  heart  and  similarly 
cause  obstruction  of  the  current.  Finally,  pericardial  effusions 
or  adhesions  or  tumors  pressing  upon  the  heart  may  seriously  dis- 
turb its  action. 

The  result  of  the  w^eakened  state  of  the  heart  must  be  the 
accumidation  of  blmjd  in  the  venous  system.  The  place  of 
engorgement  depends  ujkui  the  part  of  the  iieart  s])ecially  weak- 
ened. If  the  left  ventricle  fiiiis,  the  bloo<l  baeks  into  the  left 
auricle  and  the  lungs.  As  long  as  tlie  right  litart  maintains  its 
power  the  venous  congestion  gws  no  further;  but  when  thi«i  fails 
repletion  of  the  right  auricle  and  ()f  the  systemic  veins  ensues. 
Vs  hen  the  right  heart  is  tirst  at  fault  general  venous  congestion 
is  an  earlier  manifestation.  In  all  cases  the  arterial  pressure  falls 
and  the  blood-current  is  slowed,  whereas  the  venous  pressure  is 
increased. 

Sudden  and  complete  failure  of  the  heart  causes  anemia  of  the 
brain  and  syncope,  which  may  prove  fatal  if  not  instantly  relieved. 

Hypostatic  Congestion. — In  cases  of  serious  weaknes.s  of  the 
heart,  in  which  it  is  quite  unable  to  maintain  an  active  circulation, 
the  blood  tends  by  the  force  of  gnivity  to  sink  to  dependent  parts. 
This  condition  is  known  as  hyjKistatic  congestion.  It  occurs  very 
frequently  in  low  fevers  and  quite  commonly  just  before  slow  death 
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resulting  from  any  cause.  Dilatation  of  tlif  vessels  from  vaso- 
niotor  pari'sis,  ironeral  muscrtilar  woaknoss,  and  the  failure  of 
vigonms  iiis])ii'at(try  cn'orts  an-  scomdarv  cauws. 

TIk'  blood  airuniulatcs  in  the  skin  oftlio  Inuk,  osjH'f'ially  about 
tln'  Ijiittncks.  Tlip  .skill  is  of  a  liviil  colnr,  lint  is  liloudluss  over 
the  liuny  jKHnts ;  tlu'  tissues  tend  to  Ueeonie  sfwlilcn  fmni  transu- 
dation of  ii(juid  from  the  blood-vessels.  Sloufrhin^  and  jnin- 
^rene  (bedsores)  may  result.  Internally,  liy]iostatie  eon^estion 
att'eets  the  lunijs  |Kirti<'ularly,  Miid  :i  liiriii  (if  ]>ncunKini:i  may 
fol  low. 

Post-mortem  lividity  is  allied  to  hy|nistalic  ronfrestiou.  AiWr 
death  the  h]oo«l  jrnivitates  to  the  de|wndeiit  parts  and  aeeumulates 
especially  in  the  veins,  as  the  arteries  contract  as  soon  as  the  heart- 
action  ceases. 

Overaction  of  the  heart  is  less  frequent  tlian  weakness. 
Temporary  overaction  occasions  increased  activity  of  the  circu- 
lation and  elevation  nf  bliiml-pressiire,  sunn.'timcs  stitficient  to  cause 
hemorrhage.  More  proloiii;od  overaction  due  to  overwork,  to  ex- 
cessive feeding:,  or  to  nervous  stimulation,  as  in  Graves's  disease, 
causes  hypertrophy  of  the  left  ventricle,  and  later  of  the  whole 
organ.  In  consequence  tlie  circulation  may  be  more  or  less  jier- 
mancntly  overactive. 

Arterial  Disorders. — Both  organic  and  nervous  disturbances 
are  imiwrtant.  Of  the  organh:  diMurbawxn  the  most  frequent  is 
sclerosis  of  the  arteries,  which  ofll'ers  a  constant  impetliment  to  the 
arterial  circulation.  Hypertrophy  of  the  heart  overcomes  the  ob- 
stacle, but  whr'n  the  heart  fails  venous  congestions  and  dropsy  en- 
sue. Sclerosis  may  also  affect  the  veins,  but  much  less  commonly. 
Local  diseases  of  the  aorta,  as  congenital  narnnving,  compression 
by  enlargcfl  srlands  or  tumors,  aneurvsms,  and  bl(>ml-<'lots  may 
obstruct  the  flow  of  blood  to  the  arteries,  and  tlu-reby  cau.se  stag- 
nation f>f  the  V)loo<l  in  the  heart,  lungs,  and  venous  system. 

Vit.v)Molnr  (lixtiirhnncfx  are  de|)endent  upon  the  nervous  system. 
Under  the  inlhiencc  of  e<Ttain  diseases  of  the  nervous  system  or 
of  poisons  {as  carbonic  acid  gas  in  asphy.via)  acting  Iwally  on  the 
vessels  or  u]K)n  the  vasomotor  center  in  tfie  brain,  contraction  of 
the  smaller  arterioles  occurs;  and  in  consequence  the  l)tood-pre.ss- 
ure  is  greatly  elevated,  the  heart  is  impedcnl,  and  venous  conges- 
tion results.  On  the  other  hand,  the  arterioles  may  distend  from 
vasomotor  paresis,  the  blood-pressure  talis,  and  unless  the  heart  is 
active  there  is  a  tendency  to  hypostatic  congestion. 

Changes  in  the  Blood. — Increase  and  decrease  of  the 
quantity  of  the  blood  are  generally  merely  nassing  conditions  to 
which  the  circulation  readily  adapta  itself  l)y  dilatation  or  con- 
traction of  the  vessels.  Sudden  losses  of  blood,  if  large,  may  be 
fatal  in*  syncope.  Smaller  losses  are  soon  rejiaired  by  absorption 
of  water  from  the  tissues  and  by  regeneration  of  blood.     Increa-ses 
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in  the  quantity  of  the  bloml  by  ingestion  of  li(|i]ids  never  disturb 
the  cin-Milation  crcatly.  Rapid  cxoretion  pooii  reduces  the  ((uantity 
to  the  normal. 

Changes  in  tlie  character  of  the  hlnnd  may  affect  it.<  circu- 
lation. The  acciininhitiou  of  carbonic  acid  and  pruljal)ly  other 
effete  products  of  tissue-clianire  inipi'dc  tlic  How  l)y  excitiiij;  vaso- 
nir>tor  contraction.  This  is  probably  Viroufjlit  about  by  tlie  action 
of  the  poisons  on  the  terniiiial  nerve-fihiments  in  the  blixHl-vcssels 
or  directly  on  the  walls  of  the  vessels.  This  is  the  best  explana- 
tion of  the  increase  of  pressure  in  ca.ses  of  Briglit's  disease  without 
arteriosclerosis.  The  poisons  in  this  case  are  the  retained  renal 
excreta. 

LOCAL  HYPEREMIA. 

Local  hyperemia  is  increase  in  the  quantity  of  blootl  in  a  part 
of  the  body.  This  may  be  due  tt)  increase  of  the  flow  to  that  j)art, 
or  to  obstruction  of  the  outfl<j\v.  The  former  is  called  acHre  or 
arterial  hyperemia  or  cwigention ;  the  latter,  passive  or  venoiin 
hifperemia. 

Active  hyperettlia  occurs  in  organs  during  perimls  of  func- 
tional activity,  the  increased  blood-supply  here  being  due  to 
increased  demand  for  nutritiou.  Pathologically,  active  hyperemia 
b  due  to  causes  which  lead  to  dilatation  of  the  arteries  of  a  certain 
part.  This  dilatatii>n  may  be  due  to  iiiHiiences  acting  through  the 
vasomotor  ner\-ous  system  or  to  local  atlections  of  the  vessel-walls. 
The  vasomotor  nervous  system  may  be  atlected  at  its  center  in  the 
metlulla  or  peripherally.  The  latter  is  seen  when  the  syetipathetic 
nerves,  which  contain  vasoctiustrictor  Hbei's,  are  severed  i>r  com- 
pressed by  tumors,  the  ve.s.sel-walls  thereby  becoming  paralyzed 
(nritrnjKirnliftic  lii/jirremia).  The  sui>erficial  congestive  hyperemia 
in  fevers  is  probably  due  to  the  central  vasomotor  action  of  the 
toxic  causes  of  fever.  On  the  other  fiand,  the  vasodilator  fibers 
in  the  spinal  nerves  may  be  stimulated,  as  in  certain  cases  of 
neuritis,  with  a  similar  result  [iHiirofimic  fi;/} uremia).  Direct 
injury  to  the  vessel-walls  by  heat,  traumatism,  inflammalioti, 
drugs,  or  by  the  vascular  fatigue  fc)llo\ving  temporary  stojijiage 
of  the  circulation,  is  a  frequent  cause. 

.\ctive  hyperemia  is  spoken  of  a.s  follaicral  when  anemia  in  one 
part  leads  to  overlilling  of  the  vessels  of  an  adjoining  or  even 
distant  [Kirt. 

The  hy{>ercmio  area  is  liright  red  in  color,  the  temperature  is 
elevated,  and  there  is  slight  swelling.  After  death  the  distended 
arteries  and  capillaries  may  contract  and  the  part  grows  paler. 
Arterial  hyperemia  is  one  of  the  phenomena  of  beginning  inflam- 
mation, and  in  any  case  if  prolonged  may  terminate  in  inflam- 
mation, Fimctional  activity  is  increased  by  moderate  conges- 
tions. 
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Passive  hyperemia  is  due  to  impedimpnts  to  the  outflow  of 
the  blotwl  tlirough  the  veins.  This  may  Ik*  Tmmpht  ahout  by 
comprcssion  of  Vfiits  by  tumors,  by  thit-iii'iiing  of  tluur  wiill-;,  or 
by  thrombi  within.  Litth'  di.stiirbaiu'C  rcsuits  from  obstruction 
of  a  small  vein,  bociiuse  of  thf  freedom  of  collat<;'ral  oireulation, 
provided  tlie  lieart  is  aetive.  Tn  eases  of  wonk.  heart-power,  how- 
ever, sljjjlit  obstruetions  may  detenuine  hical  venous  hy|)oremia, 
or  by  gravity  alone  the  Wood  may  accumidate  in  (hi'pcndent  parts. 
The  latter  eonstitutes  liyjwstatie  c<;ugestiim  (see  page  47). 

Areas  tiie  seat  of  passive  hyperemia  are  dark  red  (I'linnmis)  and 
lowered  in  temperature.  Tlie  veins  are  distended,  and  very  soon 
the  watery  elements  of  tlie  blood  transude  and  the  part  becomes 
edematous  and  swollen.  In  severe  eases  red  bloml-corpuscles 
escape  by  diapedesis. 

This  occurs  in  the  small  veins  and  capillaries,  but  not  in  the  arteries. 
In  consequence  of  the  increasetl  intruviiacular  ]>ressure  the  red  corpuscles 
are  jinsheil  through  the  wall  of  the  vessel  at  the  points  of  junction  of  adjacent 
endothelial  cells.  At  these  (>oints  the  cement  suhstance  is  found  in  greiiter 
ahuiidance  than  along  tliehnrders  of  thecells,iirnl  the  escape  of  the  corpuscle 
takes  place  through  the  semi-solid  cement  suhstiince. 

Later  fatty  degeneration  residts  from  the  imperfect  nutrition 
of  the  tisanes ;  or  even  necrosis  and  gangrene  may  occur.     In 

loug-conlinue<l  mwlerate  passive  hy- 
ptTcmia  overgrowth  of  connective 
ti.ssue  and  pigmentation  of  the  tissue 
by  bruken-tlown  bloiMl-corpusdcs  is 
oLserveil  (lirown  induration). 

Complete  stoppage  of  the  circula- 
tion ill  a  localized  area  is  called  dams 
(Fig.  1 ).  This  may  be  an  e.xtreme 
grade  of  passive  hyperemia.  The 
blood-corpuscles  accumulate  in  the 
small  vessels  (arteries,  capillaries, 
and  veins),  and  the  plasma  is  slowly 
pressed  tlirough  the  vessel-wall  or 
onward  in  the  vessel.  There  results 
a  tilling  of  the  vessel  with  a  homo- 
geneous red  material,  which  is  com- 
posed of  the  red  corpuscles  .so  closely 
])aeked  as  to  be  indistinguishable. 
On  relief  of  the  stasis  the  corpuscles 
become  free  again.  Stasis  may  al.so 
be  prcMlueeil  by  chemical  agents 
which  rajjidly  withdraw  the  plasma 
from  the  ves.sels,  leaving  the  corpns<"les  unable  to  circulate ;  or 
similarly  by  rapid  evaporation  of  the  licpior  sanguinis  from  internal 
structures  (as  the  peritoneum)  exposed  to  the  air. 


Fia.  1.— Stiuis  of  blood  in  the 
superflcinl  vessol!!  In  a  riuc  of  val- 
vular (lisoaae  and  heart-failure 
(modified  from  Zk'gler). 
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Passive  eonarestion  of  any  grade  ami  stasis  interfere  with  fiim-- 
tional  activity  in  two  ways:  liy  tlif  n'<liicti<iii  of  nutrition  of  tlie 
cells  and  liy  tlie  pressure  exen;ised  uitoti  thuui  Ijy  the  aucumulating 
blood  and  serum. 


Local 


LOCAL  ANEMIA. 
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Tfiis  may  l»e 
(lii-frt  wlien  it  results  from  eaiises  ohstriietintj  tlie  How  into  the 
arteries,  or  I'o/faleral  when  it  is  due  to  ^^•itlK!^awul  of  hliKxl  into 
hvpererale  areas  in  other  parts  of  the  bo<ly.  Of  the  causes  aetinp 
directly,  pressure  is  the  most  frequent.  There  may  he  {rcneral 
pressure  inx>n  an  organ  or  localized  area  of  the  hoily,  as  in  the 
apj)lication  of  elastic  bandages ;  c)r  pressure  up<in  the  vessels 
within  the  tis.sue  itself,  as  in  amyloid  tliseasc,  tlic  amyloid  sub- 
stance compressing  the  arteries  and  capiilaries,  or  there  nuiy  be 
direct  compression  of  an  artery  by  tumors.  The  eireulatiiiti  in  an 
artePk'  may  be  impeded  by  sclerosis  of  the  vess«'l-vvalls  and  by 
emlxili  or  thromlii  witliin  the  vi'ssel.  Local  aueuiia  of  nio<lenite 
or  even  severe  grade  may  be  due  t4»  nervous  inHiieuees  acting 
thmugh  the  vasfmiotur  system,  as  in  the 
earlier  manifestations  of  Iluynaiid'stlisease. 
Collateral  anemia  is  well  illustrated  by  the 
anemia  of  the  brain  occurring  in  animals 
in  which  the  splanchnic  nerves  have  been 
cut,  with  the  consequent  production  of  ab- 
dominal hyperemia.  When  ischemia  is 
due  to  obstruction  of  a  single  vessel  the 
circulation  is  generally  soon  rt^tored  by 
collateral  anastomosis  ;  the  collateral  ves- 
sels sometimes  reach  consiilerable  dimen- 
sions (Fig.  2).  When  an  artery  which  Ims 
few  anastomoses  and  whieli  stwm  splits  up 
into  capillaries  is  obstructed  the  phenom- 
ena of  infarction  (see  page  56')  ensue. 

An  anemic  area  is  ])ale,  reduced  in  size 
and  temperature,  and  functionally  less  .ic- 
tive  than  normal.  If  the  condition  per- 
si.st.s,  fatty  degfiienition  and  necnisis 
result.  When  a  severe  local  anemia  is 
relieved  it  is  apt  to  be  followed  by  hyperemia  of  the  sjime  area, 
due  to  exhaustion  or  degenerative  weakness  of  the  vessel-walls. 


>i(i 


Fio.  2.— Aimntoniosea  three 
months  atlvr  liKntlun  of  the 
fcnioral  artery  uf  a<lug(Porta). 


HEMORRHAGE. 

By   hemorrhage   is   meant   the    escape   of    the    several   con- 
stituents of  the  bloo<l  from  the  blood-vessels.     It  is  saitl  to  l>e 


62 


TEXT-BOOK  OF  PATnOLOOt. 


urtiTuil,  veiinax,  or  cnpillary  according  to  the  vessel  from  which 
tlie  flow  of  I>I<mh1  takes  place,  and  pai-eiiehifnifilous  when  it  comes 
from  nil  of  tlie  vessels.  llcm<iiTlui<re  may  o<'eiir  either  by  (h'a- 
petlesis  and  exh'av!i:^atiiiii  tliroiijrli  intact  vessels  {hnnorrhayc  per 
<fiiijti'ilci<iiii)  tir  liv  actual  ru|)ture  of  a  vessel  [Iinnnrrhatuper  rlicx^iii). 
'r\)v  former  jtrurcss  is  seen  only  in  the  capillaries  and  smaller  veins ; 
the  latter  ocmirs  niaiidv  in  the  arteries  and  veins. 

Diapedesis  and  Emigration. — Under  normal  conditions 
a  certain  number  of  white  cctrpnsihs  by  virtue  of  their  ameboid 
movements  escape  from  the  capillaries,  and  become  wandering 
cells  which  move  about  in  the  tissues  or  are  carried  liy  the  lymph- 
stream.  This  |)roccss  is  enlled  anit/ratioii.  There  is  at  the  same 
time  some  tr.nisuilation  of  jilasma,  which,  with  the  loukcx-ytes, 
enters  the  lymphatic  circulation.  I'nder  certain  abni»riT)al  condi- 
tions the  red  corpuscles  also  |);iss  thi'oni,di  the  vessel-wall  and  col- 
lect ill  tlie  tissues.  This  is  knuwn  as  iliajxilfsin  ( Fiij.  ;!|.  It  n)av 
be  .studied  vety  readily  under  (he  niieri>seiti»c  in  the  mesentery  of  a 
livinjx  frog.  It  is  nofieed  that  the  red  coriiusries  ap|)r<iach  certain 
parts  of  the  wall  of  the  cajtillarv  or  vein  aud  biH-onie  fi.Ncd  ;  tlien 
a  small  pi-ojectiim  appears  outside  the  vessel,  opjxisite  the  coi-pus- 
cle,  aud  as  this  increases  the  cnrpuscle  within  grows  .smaller,  until 
the  whole  body  has  gradually  passed  througli.     ^"ot  rai-ely  several 
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Fio.  J.— Dlapedi'nln  nf  the  red  l>loodcorpuscI«i  throagb  ■  capillar)'  of  a  ttog't  tongai 

(aftvr  Thoma), 


corpuscles  pass  through  in  one  mass ;  as  ha.s  been  particularly 
noted  by  Thoma.  Oiitside  the  vessel  the  coqnisclc  at  once  u*- 
Kumi'S  its  onlinary  sliaiie. 

Diapedesis  was  first  studied  by  Strieker  and  Cohnheiin.  Arnold,  whose 
investigations  are  most  imfiortiiiit.  first  Ijcliovcd  that  the  emergence  of  the 
rcil  cipr[>u.sele.s  takes  place  tliroujfli  orifices  or  stoiniita  ;  but  later  recognized, 
ns  is  now  generally  believed,  that  the  supposed  stomala  are  merely  acciimu- 
latioiis  of  intercellular  substance  in  certain  places  between  adjoining  endo- 
thelial cell*  or  at  the  junution  of  several  cells.  The  active  cause  of  the 
extrusion  of  the  red  corpuscles  is  the  pressure  of  the  blood. 

The  ]eukocvte.s  emigrate  from  the  vessel  in  exactly  the  same 
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way  as  the  red  corpuscles,  but  mainly  by  their  own  ameboiil  iiiove- 
meiits.  At  the  same  time  there  is  a  more  or  less  copious  outflow 
of  )»l!L<inia. 

Diapt'dcsis  is  readily  iiKluce<l  by  medianieal  crnnprcs.sion  of  a 
vein,  wiiicli  elevates  the  lilooil-prcssiire  ;  or  it  may  litllow  elevation 
of  blood-pressure  from  any  utiuT  caii.se,  Ou  flic  other  hand,  with 
normal  pressure  increased  penneability  of  tiu'  vcssfl-wall.s  may 
occasion  diapedesis.  .Such  deficncnitive  c«mditions  of  the  vessels 
may  \)o  <lue  to  the  action  of  poisons,  to  vaviuiis  infectious  diseases, 
to  mo<lcnitc  traumatism,  or  to  teniiKjrary  idjstniction  to  the  flow 
of  blood  into  a  certain  area.  Permips  also  altered  states  of  the 
blood  may  play  a  pirt  when  both  the  vessels  and  pressure  are 
normal.  Hemorrhages  by  diapcdesis  arc  generally  small  and 
punctate  (petechiie),  but  may  be  quite  large,  as  sometimes  in  the 
conjunf:tiva. 

Causes  of  Hemorrhage. — The  oniinary  form  of  hemor- 
rhage per  rlu'xia  may  be  due  to  traumatism,  to  diseases  of  the 
vessels,  to  increase  of  the  bhw Mi-pressure,  and  to  certain  vague 
nervous  influences. 

1.  Traumatic  hemorrhage  may  be  due  (n  direct  laceration  of  a 
vessel  or  to  contusions  which  niej-ely  weaken  the  vessel-wall  and 
lead  to  gubsc(ineut  rupture. 

2.  Diseases  of  the  blood-vessels  causing  hemorrhage  generally 
originate  from  causes  within  the  vessel,  and  are  due  t"  such  eon- 
diti<u)s  as  poisoning,  infection.^  fevers,  caclicxias,  or  the  anemias. 
>Vmong  the  diseases  of  tiie  vessels  are  fatty  degeneration  of  the 
intima  or  ractlia,  atlieroma,  and  miliaiy  aneurysm.  On  tJie  other 
hand,  the  outer  coat  may  be  eUKlcd  by  surrounding  tii.scase  and 
hemorrhage  ensue  (heniorrliage  ptr  diabitniiii).  This  is  seen  in 
phthisical  cavities  in  the  lungs. 

3.  Increase  of  blood-pressure  may  be  absulufe  i>r  relative.  The 
former  occurs  from  eniotionnl  ex<'itcmcnt,  Irom  hyjiertropliy  of  the 
heart,  during  paro.xysnis  ot'  wlnioping-eough,  croup,  and  various 
convulsive  disorders.  In  asphy.xia  there  is  decided  increase  of 
blood-pressure  both  from  vasomotor  contraction  and  irom  the 
violent  muscular  efforts.  Relative  increase  of  iircisurc  occurs 
when  the  pressure  external  to  the  vessel  is  rcdueed,  as  in  balloon 
asj'cnsion,  i>r  in  the  pleura  in  cases  in  which  during  violent  in- 
spiratory efforts  the  air  ran  not  enter  the  lungs,  as  in  the  fetus  at- 
tempting to  breathe  during  labor. 

4.  Nenropathic  Hemorrhage. — The  nervous  .system  exercises  a 
peculiar  influence  upon  the  vessels.  In  cases  of  apoplexy,  of 
ei)ilepsy,  and  of  section  of  the  spinal  cord,  and  in  other  nervous  con- 
ditions, sjjontancous  henii>ri'hages  fi-om  thennsc  or  stomach, or  into 
the  lungs,  supnirenal  bodies,  and  other  organs,  are  not  infrcfjitcnt. 
In  the  same  group  also  arc  to  be  reckoned  the  instances  of 
vicarious  hemorrhage  due  to  suppression  of  the  menses,  and  the 
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remarkable  cases  of  stigmutization.    The  last  named  is  a  condition 

ill  whicli  iinilcr  ntTvoiis  i'xaltatiou  or  liystoria  sjKmtJinfous  lit'tiior- 
rhages  occur  i'roiii  V!iri<ius  parts  of  tliu  lioily,  c-ipecially  J'roiii  the 
parts  wounded  in  the  crucitixiou. 

it.  The  Hemorrhagic  Diathesis. — Certain  persons  prewiit  an  in- 
herited tcniiciu-y  to  Klccd  spontaneonsly  or  after  vcrj'  trivial  injuries. 
Such  persons  are  kiiuw  n  as  "  hlecdors,"  and  the  fondition  as  bano- 
j>/ii!ia.  The  exact  ]>at!i<)logic  condition  wliich  occasions  the 
Iii'iniirrhajics  is  htill  nui'crtaiii.  A  Iictnorrliafric  diathesis  may  also 
be  developed  as  a  result  of  various  diseases,  as  typhua  fever, 
anthrax,  scj)ticeraia,  or  pliosphonis-])oisoning.  The  same  is  ol>- 
6er\'ed  in  the  severe  forms  of  anemia,  like  proprressive  pernicious 
anemia  and  leukemia.  In  those  cases  altered  bloo<l  states  and 
disease  of  the  vessel-walls  arc  d(nii)t!c.ss  the  causes  at  work. 

Classification  of  Hemorrhages. — Hemorrhage  may  occiir 
on  free  surfaces  or  intft  the  tissues.  In  the  former  case  various 
names  are  applied  to  tlcsignate  the  locality,  bui:h  as  epwtaxU,  nose- 
bleed ;  hcinoptym^,  hcmorriiafre  from  the  lungs;  lifmntrmexin,  from 
tile  sti)mach  ;  t'lttfron-hui/ia,  from  the  bowel ;  mdivrrha(/ifi,  uterine 
licitiiirrhagc  Ix'tween,  and  meiiitrrluiij'ui  at,  the  menses. 

Hemorrhages  into  the  tissues  take  their  iiaincs  from  the  size 
and  nature  of  tlie  lesion.  A  iieuiorrhagic  intiltration  beneath  a 
surface,  as  of  the  skin  or  mucous  membrane,  is  called  an  ccvhyiiumu, 
which  if  small  and  well  defined  is  a  j>it<cliia,  but  if  large  and 
difl'use,  a  siii/i/il/afi'on  or  Ktfjf'Hsioii.  A  distinct  accunnilation  of 
blood,  constituting  a  veritiiblc  hloo<l-tnnior,  is  known  as  a  linna- 
ioma.  Infiltrations  of  a  peculiar  sort,  involving  localized  jwrtions 
of  a  tissue  or  iH'gau,  arc  known  as  liemorrluKjir  inftiri-t.s  ((/.  v.). 

Results  of  Hemorrhage.— A  very  large  hemorrhage  may 
cause  sudden  death  by  ccrel)nd  anemia.  More  frequently  the 
patient  remains  unconscious  for  a  time  and  then  slowly  recovers. 
Tin.'  hemorrhage  ceases  spontaneously  liy  the  diminution  in  heart- 
action,  by  clotting  of  tln'  blood  at  the  ])oint  oi'  ni}>ture,  by  retnic- 
tion  of  the  elastic  vessels,  and  bv  pressure  of  the  surrounding 
tissues.  Blood  extravaeated  in  the  tissues  soon  coagulates  and 
subsequently  undergoes  disorganization,  the  red  corpuscles  break- 
ing down  into  jiigrncnt-matter.  which  may  he  carried  away  or 
deposited  at  the  seat  of  hemorrhage.  The  fluid  elements  may  i)C 
completely  absorljcd,  ur,  stained  with  coloring-matter,  may  remain 
as  a  cyst.  A  focus  of  hctnorrhage  may  set  up  reactive  inflam- 
mation and  lead  to  encapsulation  by  new  connective  tissue.  Some- 
times hemorrhagic-  accumulations  become  inspissated  and  under^j 
calcification.  Blond  in  the  scmus  sacs  does  not  readily  coagulate, 
but  mingles  with  the  normal  liquid  secretion.  It  may  be  grad- 
nally  absorlied  or  may  undergo  degenerative  changes,  especially 
when  infei'ted  by  micro-organisms.  Large  hemorrhages  cause  acute 
anemia ;  repeated  small  extravasations  may  lead  to  profound  sec- 
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ondaiy  anemia.     (These  conditions  will  be  more  fully  iliscussed 
under  Diseases  of  the  BIcxkI.) 


EMBOLISM. 

Bmbolistn  i.s  the  prow.ss  in  which  forei;:"  hmlies  of  various 
kinds  lire  carried  in  the  l)loo<l  and  deposited  in  the  smaller  arteries 
or  capillaries  through  which  their  size  does  not  permit  them  to 
jiass.     The  bodies  di'po>it«l  are  called  emholi. 

Sotirces  and  Nature  of  Emboli. — The  most  comnum  form 
of  embolism  is  tiiat  in  which  portions  of  thmmhi  situated  in 
the  heart,  the  large  veins  of  the  extremities  or  pelvis,  i>r  un  ather- 
omatous patches  in  the  aorta,  are  swept  into  the  circulation  and 
lodge  in  tne  smaller  vessels.  Softeninj^  of  the  original  thrombus 
is  generally  the  immediate  cause.  More  ninly  jwrtions  of  a  dis- 
eased heart-valve  or  of  the  intima  of  the  heart  or  arteries,  liver 
or  placental  cells,  or  parts  of  tinnc»rs,  are  carried  in  the  circula- 
tion and  de|X)sited  as  emboli,  fvinbolism  of  large  giant-cells  of 
the  bone-marrow  is  particularly  common,  and  is  nearly  always 
a  secondary  prwess  when  there  has  been  some  other  form  of 
cellular  embolism.  Disorgiitiization  of  the  blood  may  cause 
end)olism  of  pigment-jmrtich-s,  as  in  malaria,  or  oi'  siiMdl  hyaline 
masses,  as  in  Ijurns  and  certain  tonus  ol'  jxiisoiiing.  In  cases  of 
fracture  of  bones  jwrticlcs  ol"  I'at  may  be  disl()dgc<l  IVom  the  mar- 
row and  enter  the  circulation,  while  in  wounds  of  tlie  large  veins 
of  the  neck  or  elsewhere  air-endKdisiii  is  obser\-ed.  l-'inally, 
masses  of  bacteria,  seolices  of  echinococcus,  and  other  panisites 
are  a  serious  form  ol"  einl»oli. 

Seats  of  Bmbolistn. — The  tinal  place  of  lodgement  oi"  an 
embolus  depends  mainly  on  its  source.  Those  derived  from  the 
general  venous  circulation  are  usually  carried  through  the  right 
Heart  to  the  lungs,  where  they  wdude  branches  of  the  pulmonary 
arter\-.  Emboli  in  the  porta!  circulation  n»ay  lodge  in  the  liver,  or 
pass  through  the  liver  to  the  heart  and  Ituigs.  In  cases  of  wlioi>j»tng- 
cough  or  other  conditions  altendctl  with  increased  intrathoracic 
pressure  eniiioli  in  the  inferior  vena  cava  may  lie  carried  in  the 
direction  opposite  to  the  usual  l>lood-<nirrcnt,  and  may  be  con- 
veyed into  the  liver  through  the  hepatic  veins.  This  is  known 
as  retrograde  embolixm, 

Eralwli  coming  from  the  left  heart  or  from  the  aorta  are  dis- 
tributed in  the  general  arterial  circulation.  They  arc  mo*t  fre- 
quently found  in  the  spleen,  kidneys,  ami  brain.  Other  organs  or 
tne  peripheral  vessels  may  likewise  be  atfeeted,  but  the  results  of 
embolism  are  less  marked  in  them  and  are  frequently  overlooked. 
EniV>oli  from  the  veins  nwy  reach  the  general  circulation  in  cases 
in  which  the  foramen  ovale  or  septum  ventriculorum  is  ])erforated 
{paradoxic  etnboligm),  or  by  being  broken  up  into  smaller  emboli 
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in  tbe  lungs  auJ  thus  passiug  through  the  pulmonary  capillaries. 
Thr  latter  is  imt  iufrerpiuiit  in  t-asi-s  of  fat-onilwlism  of  the  liuiirs. 

Results  of  Embolism. — A  l!iru;{'  cnibohis  nuiycauije  sudden 
(Iratli  liy  (x'cliHliiifj  onv  of  tho  main  Imuu'hi's  of  fho  pulmonary 
artery,  one  of  the  eonmaiy  arterifs,  or  a  huyc  corelir.il  ves-sel.  If 
the  vessel  is  not  wholly  oecludwl,  sceondary  thrombosis  may  eom- 
plete  the  obstruction  and  death  may  be  slow.  In  the  case  of  less 
importiint  vessels  merely  loeal  anemia  results.  This  may  be  re- 
lieve<l  by  establishment  of  collateral  circulation,  or  may  cause  more 
or  less  extensive  necrosis  if  nut  relieved.  The  original  embolus 
and  tiie  seeonilary  ihrninhus  may  undergo  .softening  or  orgatiiiuition 
in  tlie  .satne  nianner  as  (inlinary  thrombi  (<y.  v.). 

The  results  of  oeelusinn  of  smaller  vessels  by  emboli  depend  on 
the  nature  of  the  embolus.  They  are  either  purely  iiuv/iaiiU'ul 
when  the  embolus  is  aseptic,  or  neptic  when  the  embolus  contains 
mient-orgaiiisms.  The  important  mechanical  result  of  small 
emboli  is  the  pathologic  condition  called  infarction. 


INFARCTION. 

Infarcts  occur  in  sitnatious  in  which  there  are  small  arteries 
having  milv  capillary  or  at  most  very  slight  arterial  anastomosis 
witii  uei<.'hbi>ring  arteries.  .Such  arteries  were  called  rmldrU-riftt 
bv  Ci>hnheim.     They  are  found  especially  in  the   kidney,  spleen. 

lungs,  retina,  base  of  the  brain,  and 
parts  of  the  heart.  When  one  of 
these  is  occluded  by  an  embolus  in- 
farction may  occur. 

Infarcts  are  situated  iu  the  periph- 
end  part  nf  ihc  organ,  and  are  harder 
tlian  the  surrounding  tissue.  They 
are  weilge-shaped,  the  base  being  out- 
ward toward  the  i»eri|)hery  of  tlie 
organ.  Infarcts  may  sumetimes  result 
from  occlusion  of  a  number  of  adjoin- 
Fio.  4.— Anemic  iiiiiirct  of  the    ing  arterioles  or  capillaries,  and  in  this 

kidney;  the  eniboln*.  ncrludinic  a  ■  i  •  xi'  T»i 

t.raScftJ.f  the  renal .iricrv.  is  shown   casc  are  irrcguhir  in  outliuc.     There 

I'l'e'r^*.  "'"'*'  ''"'''  "'        '''"■''"™    a'*  tw"   ''•"'"^^  "f  infarction,  the  red 

or  hemorrhagic,  and  the  white  or 
anemic.  The  former  are  dark  reil  in  color,  and  have  the  appear- 
ance of  wedge-sha|ied  areas  of  hemorrhage  with  coagulation. 
Anemic  or  white  infarcts  present  the  .same  genend  features,  but 
are  less  elevated  and  are  yellowish  or  grayish  in  color.  They  are 
frerpiently  surrounded  by  a  zone  of  congestion  or  hemorrhage 
(Fig.  4). 

Formation  of  Infarcts. — The  first  effect  of  occlusion  of  an 
endartery  by  au  einlK)lus  is  stoppage  of  the  circulation  Vjeyond  the 
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I  embolus.    A  wetlge-shaped  anemic  area  resnlts.    This  may  remain 

anemic  and  undergo  coa<julatifm-in'crnsis,  witii    the  formation  of 

an  anemic  or  white  infnn-L      lu  otluT  eases,  liowi'Vcr,  the  vessels 

I  of  the  occluded  area,  at\er  a  teniporarv  period  of  anemia,  heeome 

[overfilled  with  blood,  extnivasjition  m-fiirs.  :iii<l  an  Jiemoniuujiti  iii- 

^j'arct  results.     Various  theories  are  ottered  tn  <'X|iIatii  the  persist- 

of  anemia  in  the  first  ease  and  the  overtillin>;  with  Inood  in 

second.     In   sinemie   infarcts    the   [lersisteiit  :ineniia  in  some 

[cases  is  due  to  thromhosis  in  the  vemdes  whi«'h  receive  the  Mood 

ifrom  the  occluded  endartery  and   in  the  anastomotic  capillaries. 

lAt  times  rapi<l  swelling  of  the  parenchymatous  cells  of  the  organ 

[Compresses  the  capillaries  and   maintains  the  anemia.     Some  eon- 

Itt'tid  that  white  infarcts  are  frequently  f'onncd  hy  rapid  ahsorjttion 

and  removal  of  the  eolorinir-uiatter  ot' the  lihrnd  tVom  heninrrhaLric 

Iinfari'ts.  In  the  latter  the  overfilling  of  the  vessels  results  either 
from  a  backflow  of  Ii1o<k1  from  the  veins  (Cohnheini)  or  from  free 
Cipiilarv -anastomosis.  Thr  latter  would  he  I'speeinlly  apt  to  occur 
■^vhcn  the  gi^nend  or  local  tiiuoel-pressiire  was  pn-viniisly  elevated, 
or  when  the  lodgement  of  the  r-iiil>olus  eatiscd  reth-x  contniction 
of  the  surrounding  V(>ssels,  and  thus  overflow  of  blood  into  the 
occIude<l  area  thnmgh  the  eapillary-auastouioses.    The  hyperemia 

I  thus  pnxluced  soon  leads  to  rxtnivasatiuu  of  I>1o(h1,  Itecause  the 
vessels  of  the  (Kx-luded  areas  rapidly  inidergo  degerier.itive  I'hanges. 
Infarcts  in  the  lungs  are  nearly  always  heinnrrhagie  ;  tho>e  in  the 
kidneys  and  espeeiaily  the  spleen  are  fretjufutlv  auenii<\  In  the 
brain  irregnlarly  .-liaped  areas  of  anemic  necrosis  (softening)  are 
the  usiuil  result. 
Subsequent  Changes. — In  anemic  infarcts  coagulation-necro- 
sis and  caseation  are  the  marked  degemTative  changes.  The  broken- 
do\ni  tissue  is  grjidually  absorbed  and   nactixe  inflammation  and 

■  organization  cans*-  i-icatrization.  >«ot  infreipiently  a  small  amount 
of  c^ileareous  matt<'r  is  ih^posited,  espcr-ially  in  infarcts  of  the  lungs. 
In  hemorrhagic   inliircts  the  extr.ivasated   hlcxnl  breaks   up  into 

|j)igmeut-matter  and  tlie  tissues  sutt'er  degeni'nitioiis  similar  to  tho.se 
Been  in  anemic  infants.  The  final  result  in  either  case  isgenendiy 
a  scar,  which  is  pigmented  in  eases  of  hemorrliagic  infan'ts.  More 
Tarely  infarcts  luuhr^ro  litjuefaetion  an<l  evst-ti>rmation,  espeeiaily 
lo  tlie  brain.  The  infarct  may  beeom<'  intirt<'d  by  inicnwirganisms 
tiiinT  its  formation  and  alisccss  may  result,  as  in  cases  in  which  the 
«mlx)his  itself  was  an  infections  one. 
Infectious  embolism  occurs  in  cases  of  purulent  softening 
of  thrombi,  in  cases  of  local  sup])unition  or  necmsis,  in  ulcerative 
^fc«ndo<.«niitis,  and  the  like.  The  first  etfert  may  be  the  formation 
^■of  a  hemorrhagic  or  anemic  intiirct  ;  but  the  micro-organisms  soon 
midtiply  and  invade  tlie  tissues,  causing  suppui-ative  or  gtiugrcnous 
pnicesses.  Metastatic  abscesses  are  pHnluccd  in  this  manner. 
similar   results  follow  when    an    infarct   is  sec<mdarilv  infected. 
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This  is  not  infrequent  in  the  lungs,  where  the  air-passages  furnish 
a  ready  path  for  the  entrance  of  micro-orgiinLsms. 

Dust-embolism. — Small  pnrticles  of  coal,  iron,  marble,  or  clay  entering 
the  liinp"  in  ^e^<J)i ration  may  jifnetrate  the  tissues,  are  largely  taken  up  by 
phajTOcytle  ceils,  and  for  the  nio^t  part  are  carried  to  the  bronchial  lym- 
phatic gland!*.  If  the  latter  are  surcharged  and  soften,  the  dust-pnrticles  may 
gain  access  t<i  the  circulation  thrrtujrh  the  etierent  lymph-channels  of  the 
gland  or  by  rupture  of  the  gland  into  neighboring  veins.  More  rarely  dust- 
particle.i  may  enter  the  blood-vesfneU  in  the  lungs,  directly,  by  [lenetration. 
After  their  entrance  into  the  blood  thev  are  deposited  in  the  capilluriea 
and  substance  of  the  liver,  spleen,  and  hone-marrow,  where  they  may  re- 
main [lermanently,  cither  free  or  enclosed  in  fixed  cells,  or  whence  they 
may  bo  removed  by  wandering  cells.  The  final  discharge  occurs  especially 
from  the  lungs,  the  tonsils,  the  lymphatic  structures  of  the  intestines,  and 
from  the  liver  in  the  bile. 

Air-embolism. — .Small  quantities  of  air  mav  occasion  no  serious  dis- 
turbaiires;  but  when  large  fjuantities  enter  the  veins  the  right  lieart  is 
found  full  of  frothy  blood  and  the  pulmonary  arterioles  are  occluded  by 
small  bubbles.  Sudden  death  in  these  eases  is  not  unusual.  Some  recent 
experiments  in  dogs  seem  to  e^ist  doubt  on  the  .seriousness  of  air-embolism, 
hut  the  matter  is  not  yet  settled. 

Fat-embolism. — ."^udden  death  may  occur  when  a  l.irge  number  of  the 
pulmonary  vessels  are  obstructed  by  embolic  fiil-drups.  M'lien  the  process 
IS  less  extensive  little  disturbance  arises,  as  the  oil  is  soon  broken  up  into 
droplets  and  passes  through  the  pulmonary  cjipillaries,  or  it  may  be  ab- 
sorbed in  the  lungs. 

Pulmoiiarti  iiifarctt  may  be  due  to  embolic  occlusion  of  the  blood-vessels, 
but  also  to  obstriM'tion  of  a  bronchiole.  Any  kind  of  hemorrhagic  extrava- 
sation in  the  lungs  may  assume  a  wedge-sbaiie.  because  the  area  infiltrated 
is  the  wedge-shaped  area  included  in  the  divisions  of  a  terminal  bronchiole. 
(For  details,  see  the  chapter  on  the  Lungs.) 

Metastasis. — The  process  ol"  mt^tastasis  of  tumors  and  of  infectious 
diseases  is  closely  allied  Ui  that  of  ordinary  embolism.  Small  particles  of 
tumors  in  the  one  cilsc,  or  of  infected  thrombi  or  tissue  in  the  other,  enter  the 
blood-vessels  or  the  lymphatic  channels  ami  are  carried  to  neighboring  or 
distant  parts  of  the  Imdy,  where  they  lodge  in  capillary-vessels.  In  the  case 
of  tumor-embolism  the  embolus  may  grow  and  occasion  a  metastatic  nodule ; 
in  the  case  of  infectious  processes  secondary  foci  of  the  infectious  disease 
re'iult. 


THROMBOSIS. 

ThrnmUosis  is  the  ofjagulation  of  bluiMl  within  tiie  blood-ves- 
sels or  heart  during  life.  At  tlie  very  Ix'giiniing  of  the  process 
the  formation  is  not  a  ooaguluni  in  tlic  onlinury  sen.*!e,  but  subse- 
qnciitlvcnixgnliitirm  is  the  essential  fwitiiro.  After  death  cloLs  form 
within  the  licart  and  ve.«sels,  as  in  blood  rt'inoved  from  the  body. 

Causes. — Tin*  condition.'*  favorabh;  to  throinljosis  are  alter- 
ations in  the  bloml-furrent,  changes  in  the  vessel-walls,  and  alter- 
ations in  the  biwid  itself.  For  the  nio.st  part  two  or  all  of  these 
conditions  arc  present  in  cases  of  throndiosis. 

Alterations  in  the  Blood-current. — Anything  wliioh  slows  the 
current,  sm-ii  as  narrowing  of  the  blood-vessels,  weakness  of  the 
heart,  or  pressure  upon  the  vessels,  favors  thromliosb.     Complete 
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arrest  of  the  current  in  a  part  may  lead  to  ordinary  clotting,  such 
as  occurs  post-mortem  ;  l>ut  with  carofii!  prccjmtiims  a  vessfl  may 
be  liguttHl  at  two  points  witliout  the  oectirronuL'  of  clotting  in  tlie 
occluded  portion — at  least  for  a  long  time.  Some  eliange  in  the 
bloo<l-vesscl  wall  is  generally  ueci'ssary  in  addition.  Thrombi  due 
to  slowing  of  the  current  are  frequently  seen  in  the  heart,  the  ves- 
sels of  the  lower  extremities,  and  in  the  sinn.<e.s  of  the  hrain  in 
the  course  of  exhausting  fevers  or  other  asthenie  conditions.  They 
are  called  marnntic  thromhl.  In  many  of  the  latter  micro-organ- 
isms have  important  etioiogie  relation.-. 

Changes  in  the  vessel-walls  phiy  an  important  jKjrt.  Atheroma, 
inflammatory  nr  degener.itlve  changes  in  the  vessels  of  areas  of 
inflammation  or  necrosis,  lig-ation  and  other  tramiKitio  injuries,  and 
diseases' of  the  eudcH^tinlium  are  all  examples  ot'eundttions  leading 
to  thrombosis.  In  many  eases  of  thrombosis  apparently  due  to 
slowing  of  the  current  of  bloixl,  miero-orgatiisms  have  been  the 
nion?  imjiortant  factors,  by  causing  primary  infective  lesions  of  the 
endi>thelium.  Dilatation  of  the  arteries  (aneurysm)  or  veins 
(phlebectasia)  or  of  the  cavities  of  the  heart  acts  largely  by  slow- 
ing the  current  of  blood  or  by  [n-odueing  irregular  currents. 

Alterations  in  the  Blood, — Ex[)iTiincntally,  throiuhosis  may  be 
induced  by  injection  into  the  cirmlatiun  of  extracts  of  the  thynuia 
gland,  the  suprarenal  bodies,  the  testicles,  and  other  organs. 
These  extracts  contain  large  fjnantitics  of  the  ttbriii-fcrment  re- 
garded by  Schmidt  as  an  essential  factor  in  eoagnhitiou.  Patho- 
logically, it  is  probable  that  the  tendency  to  thrombosis  in  ty)ilmid 
{ever,  sepsis,  and  nther  diseases  is  due  to  increase  of  similar  tibrin- 
formini:  factnis  in  th"-  lihuid.  The  name  fennt'nfidioii-tliroiHfjofii.i 
is  applied  in  these  cases,  The  importntieeof  bacteria  in  the  blood 
has  been  sufficiently  noted  above. 

Aceordiiijr  to  Schmidt,  coiifjruliition  is  due  to  flu-  icariion  of  libririogrn 
(derived  from  the  plasma)  with  fibrinf)]dn^tin  under  tiicinlliicnceof  ii  tilirin- 
fcrment  {the  two  Intti-r  dcrivfil  from  lln'  leukijcvtes).  Fil)rino]dit«titi  is 
probably  not  essential  (  Hiimmarsteii),  wiiile  calcium  salts  ure  (Arthus  and 
Papes). 

Patholog^ic  Anatomy. — The  appearance  and  construction 
of  thri>mbi  depenii   tipun   the  manner  rif  foriualiitn. 

^^  hen  formed  in  cc>nse<]iicnce  of  almost  complete  stoppage  of 
the  circulation  they  are  dark-colored,  soft,  red  cloh,  similar  in  every 
way  to  post-mortem  coagula  ;  and  luider  the  micrtJ9eoi>e  show  fib- 
rillar fibrin  enclosing  mainly  red  corj)us<:les. 

Yellowish  or  wliite  thrond>i  are  formed  slowly  from  actively 
circulating  blood  and  are  more  consistent.  Their  composition  will 
l)e  understttod  from  tlie  intMle  of  formation.  In  the  nornuil  circu- 
lation tlie  red  corpuscles  move  in  a  column  in  the  center  of  the 
stream,  separated  from  the  wall  of  the  vessel  by  a  plasmatic  zone 
in  which  the  leukocytes  may  be  seen.     When  the  circulation  is 
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elowt'd,  pliiqiK'S  form  ami  approach  the  vessel-wall,  and  tend  to 
adlicre  in  small  masses  tu  any  jioiiit  of  disease  in  the  endothelium 
antl  also  to  ejK'ii  other.  This  lias  heen  termeil  cotir/luliitutiun  of 
the  Ijlood-plaqiies. 

As  the  ljlo<>(l-|jlai|ue8  are  probably  prndnced  by  degeneration  of  the  red 
corpuscles,  it  iiii;rbt  be  expected  that  causes  of  such  defjoiieration  would 
occasioti  jibuiidunt  rDrmation  iif  iilaijucf,  and  conse(|Uemly /j/oyt/^-/Ar«»iwW. 
Sucii,  indecil,  is  the  case,  and  hyaline  thrombi  are  a  reguhir  accompaniment 
of  certain  forms  of  intoxication  in  which  hemolysis  occurs. 

In  t!ie  ordinaiy  thromhns,  after  primary  eniiirliitination  of  tlie 
pimples,  leukocytes  are  aiideil,  anil  r<-d  rovpiisi-h-s  in  ;;reat  or  small 
mnnbei's,  ai'i-iirdin-r  to  the  manner  ot'  fiirniatioii  id'ihr  elot,  whether 
rapid  or  slow.  White  thronihi  eousist  ot"  conLduiinated  pla(|ues, 
letikoeytes,  and  Hhrin.  Tliey  first  ajijicar  as  liyaline,  viseid  masses, 
but  suhse([uently  heconii'  ^raindar  from  ]»artial  disintefrration.  If 
the  ein'nlation  is  alternately  slow  and  more  rapid,  distinet  layers 
are  seen  in  the  throndnis,  first  dark  colored  Iroiii  admixture  of  red 
eorimscles,  then  lii^litcr  in  line.  Sueli  ihromhi  are  called  Klratljied. 
if  the  eirenlation  is  irreiridar  from  dilatation  of  the  vessels  or 
from  other  causes,  the  light  and  dark  areas  of  tlie  thromhus  may 
he  more  irrefrnlarly  disposed. 

Till*  throndjtis  lii>t  formed  is  tlie  j>rrmiirif  thrombus.  Subse- 
quently it  extends  liy  additions  [mrtJiKltin/  fhromfniK)  in  the  direetion 
of  the  current  of  blood  as  tar  as  the  next  I'oilafci-.il  bi-aueh  of  tiie 
vein  or  artery,  into  whieh  the  thnmilnis  freuiiently  extends  as  a 
rounded  jiruminence.  In  the  case  of  the  veins  a  new  thrombuft 
may  start  from  such  projection  (Fig.  5),  and  eventually  the  clot 


Fia.  K.— Ttiromboi  In  the  femoral  vein  In  a  mse  of  phlebitis  (from  s  ipcclmcn  In  the 
Muaeiim  of  the  t'hiliidflphiri  HnxpltAl). 


may  in  rare  cases  extend  as  far  as  the  heart.  The  thmmbiis  may 
be  laieral — tliat  is,  when  it  lies  acainst  the  vessel-wall — or  obMmd- 
ive,  when  the  lumen  is  completely  obliterated.  In  tlie  veins  small 
thrombi  are  frequently  formed  in  the  valvular  jxmehes  in  marantic 
subjects.  In  the  heart  thrombi  are  especially  conmion  on  diseased 
valves,  in  the  auricular  ji|tpeiHlages,  and  in  the  intertrabeciilar 
spaces.  They  frequently  appear  as  jiojyjKiid  masses,  and  may  be 
attachal  by  slender  jwdicles.  A  curious  form,  calle<l  ball  Ihrombi, 
is  seen  in  the  auricles.     These  are  rounde<l  clots  wholly  or  almost 
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ostalili.shed  tliat  no  nntowartl  n'sults  arc  seen.  When  a  lar^e  vi'iii 
is  obstructod  veiioas  congestion  and  dropsy  may  iullow;  obstruc- 
tion of  an  arten'  caascs  local  ani'niia,  and  >nl>scfjtU'ntly,  if  tiie  col- 
lateral circulation  is  not  cstalilii^lx-d,  drircnci-ations  or  necrosis. 
ThromlK>tic  obstruction  of  small  arteries  may  cause  hoinurriragic 
infarction.  Embolism  and,  if  llic  tlirninliiis  is  infected,  general 
pyemia  may  result   from  softening  of  the  thrombus. 

Subsequent  Changes. — After  their  formation  all  tbrondii 
contnict.  In  this  way  tlic  red  forms  may  bpcfinie  liglit  coloreil  l>y 
extrusion  of  the  red  cor[iuscles.  In  small  vessels  red  thrombi  often 
become  light  colored  liy  removal  of  licniogioljin  and  a  .species  of 
hyalin-transformation.  These  may  have  the  appearances  of  wiiite 
thrombi  and  are  only  distingui-lie«l  iiy  careful  examination. 

After  the  tliroHd)us  lias  contracted  it  may  undergo  various 
degenerative  changes.  Frequently  the  white  corpuscles,  [ihujues, 
and  filjrin  arc  broken  down  iuti»  an  emulsion  In-  Itt^uefaction- 
necrasis  and  latty  degeneration,  and  the  reil  e4ir[)iisctes  converted 
into  granular  )>ignienti'd  masses.  1'hese  softened  jirtrtions  arc 
swept  into  the  circidation  and  occasion  enibolisni.  Freguently 
thi."?  form  of  inmple  softenhig  occurs  in  the  center  of"  large  tlirombi 
and  gives  rise  to  cyst-like  formations  (Fig.  (5). 

A  more  serious  form  of  sol'teuing  tMcurs  when  the  thrombus  is 
infected  by  micn>-organisms.  in  this  c-ase  true  piiriili-tit  mftcning 
takes  place,  and  the  wall  of  the  bl(K>d-vcs.sel  shares  largely  in 
tlie  suppurative   processes.     This  i'orm  twcurs  especially  in  the 
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thnmihi  blocking  blrKxl-vessels  of  siippiiniting  or  necrotic  tissues. 
Geiieintl  jn-einia  iuul  int'ectious  embolism  result. 


Fin.  8.— Canallzulhiii  at  a  thminbns  (Kbts  uid  Schmorl), 

A  more  favorable  tenninution  i>f  a  thrombus  is  coJcificntion. 
This  is  most  imiuoiit  iti  tlic  clots  in  tlilated  veins,  the  calcareous 
tlirombi  bcinjr  known  :is  phlrlmlHhx.  Arteriolithn  and  cardioliths 
are  rarely  met  with. 

Organization  of  the  thrombus  may  resnlt  from  the  irritation 
it  occasions.  New  blood-vessels  and  jinijifer.iting  connective-tis- 
sue cells  sprintj  from  the  vasa  vasonim  and  lining  membrane  of 
tlie  blond-vess<'l  as  well  as  fmui  endothelial  cells  povering  the  throm- 
bus, anil  penetrate  the  thronilms  (Fig.  7).  From  these  organi- 
zation proceeds  as  elsewhere,  and  as  it  advances  the  tlirombus 
itself  is  absorbed.  Finally,  the  clot  is  fully  replaued  by  connec- 
tive tissue  encliysing  a  smal!  amnnnt  of  blood-pigment  or  calcified 
remains  of  the  tlironii)ns.  The  blood-vessel  may  i)e  converted  into 
a  solid  fibrous  cord,  or  may  lie  distorted  and  narrowed  by  bands  of 
connective  tissue  in  the  interior.  ISometiiiies  at^er  partial  vascu- 
larization of  a  thrombus  small  vessels  rinining  parsdlel  with  the 
lumen  of  the  obstructed  vessel  become  <iilated  and  thus  partly  re- 
establisli  the  channel.  This  is  termed  vowtUzKiinn  of  (lie  throm- 
bus (Fig.  8).  lu  other  cases  canalization  may  begin  as  a  process 
of  simple  softening. 


EDEMA. 


Definition. — The  term  eilema  is  applietl  to  a  condition  in 
which  tile  liijuid  within  the  tissues  is  increased  in  quantity. 
IStiology. — It  is  primarily  necessary  to  understand  the  methods 
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by  which  the  liquiils  normally  present  in  the  tissues  escape  from 
the  blowl-vessels,  tlieir  original  suurce. 

Several  processes  are  coiiceTnec]  in  tliis  escape  of  fluid.  In  the  first 
place,  the  pressure  of  the  bl<i<i<l  nerves  to  cause  n  frrtiiin  iiniount  of  dirtcf 
filiTKlion,  ]\iat  as  liquid  enclosed  in  tubes  of  perint'iiblo  atiiinal-uienibrane 
escapes  when  the  pressure  outside  is  less  thiui  within.  In  this  process  of 
direct  filtration  the  state  of  the  tissues  themselves  plays  n  part.  If  the 
Dormal  elasticity  of  the  tissues  and  degree  of  pressure  of  the  liiiuid  in  the 
interstitial  spaces  are  lowered,  liquid  e,scupes  through  the  eapilliiry-walla 
to  equalize  the  pressure.  A  second  process  at  work  is  that  known  as 
diffmioH  OT  ntiiwtit.  In  this  there  is  an  exchange  hetwcfn  the  blood  and 
the  tissue- liquids,  certain  substances  being  taken  into  tlie  blood  in  ex- 
change for  water  and  other  constituents  of  the  blood-plasma.  The  liquid 
thus  discharged  from  the  blood-vessels  enters  into  the  metabolic  activity 
of  the  tissues  to  a  greater  or  less  degree,  is  stjuievvhat  altered  iu  character, 
and  the  surplus  is  carried  otf  in  the  lymphatic  ciipillaries  as  lymph.  Cer- 
tain physiologists  (Ueideahain  et  at.)  believe  that  there  is  a  farther  and 
verj-  important  factor  of  a  vital  sort.  This  is  described  as  an  active  secre- 
tory function  of  the  endothelial  cells  of  the  capillaries  and  lymphatic 
spaces;  so  that,  according  to  this  view,  lynipli-lurmatioii  is  in  a  measure 
at  least  a  direct  secretion.  This  view,  though  not  generally  accepted,  ia  sup- 
ported by  many  facts. 

Briefly,  then,  lymph-formation  may  be  described  as  the  escape  of  water 
and  other  substances  through  a  more  or  less  yiermeable  menihranp,  the 
capillary-walls,  in  consequence  of  direct  filtration,  osmosis,  and  probably 
secretion.  The  quantity  present  in  the  tissues  depends  upon  the  quantity 
eacaping  from  the  blooa-vessels  and  the  amount  carried  away  by  the 
lymphatic  circulation. 

The  causes  of  inci^a.sed  apf'umtilatinn  of  lk|uid  in  the  tissues 
may  then  be  readily  dcterniinod.  Amonjr  th^se  are  (n)  increase 
of  bliXMl-pre<.sure,  or  {//)  do(Tca.se  of  tissue-elasticity  and  pressure; 
(c)  alterations  of  the  blood  renderin^^  it  more  diffusible,  or  (d)  of 
the  liquids  in  the  tissue.s  increa.sint;  the  osinotie  power  of  these ; 
{e)  increase<l  permeability  of  the  walls  of  the  bliwd-vessels ;  (/) 
obstruction  to  tlie  flow  in  the  lymphatic  vessels.  These  cau.ses 
will  be  considen^d  separately  with  reference  to  certain  well-known 
clinical  types  of  edema. 

(a)  Increased  blood-preaaure  alwuy.s  occasions  increased  escape 
of  liquid  fn)in  the  vessels  (traiistulation)  and  tims  increased  forma- 
tion of  lymph.  In  active  hyperemia  with  excess  of  pressure  the 
amount  of  liquid  rarely  bi'comes  so  uTeat  tliat  the  lymphatic  ves- 
sels cannot  carr^'  it  off,  and  edema  does  not  therefore  occur.  In 
passive  congestions,  however,  as  in  heart-di.sease,  pressure  upon 
veins,  etc.,  the  escape  of  litpiid  beeotiies  more  nipid  and  copious, 
and  the  lymphatic  circulation  is  insuffieieiit.  Edema  or  dropsy 
result*.  In  this  process  of  direct  liltration  the  tninsu(h»te  consists 
mainly  of  the  water  and  sjiJine  constituents  of  the  plasma  and  to  a 
relatively  sntail  degree  of  tlie  allminimnis  eon.stitiients. 

(b)  Decreased  tissue-elasticity  and  pressure  is  rarely  a  factor  of 
prime  imjjortimce,  though  it  may  be  a  contributing  cause  in  many 
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cases.  In  one  class  of  cases  termed  redenia  ex  vacuo  it  is  the 
principsil  ciuise.  In  these  cases  liquid  csc-apes  from  the  liiood- 
vessels  to  till  a  sj):ife  left  vacant  by  disease  J)r  atn>|)liy  of  tissue- 
elements.  This  is  fnijiiciitly  seen  in  tlie  subartielinoid  .spaces  of 
tiie  brain  and  in  other  parts  of  \\w  r-iiitr.d  nervous  system. 

(c)  Alterations  of  tlie  blood,  though  theoretically  verj-  impor- 
tant as  direct  eausus,  proliai.dy  act  indirectly.  It  lias  been  i'ound 
by  experiment  tliat  artificial  hydremia,  even  though  combined 
with  considerable  increase  of  the  bidk  of  blood,  docs  not  cau.se 
edema  iniless  by  some  means  the  walls  of  tlie  lilood-vessels  iiave 
been  iujnred.  It  is  proiiablc,  therefore,  that  the  edema  of  anemic 
and  marantic  persons  is  similarly  due  to  increased  permeability  of 
the  vessels.  This  in  itself  mijrht  ftccasiou  edema,  though  the 
degree  is  probably  greater  as  a  eonscfpience  of  the  anemic  state  of 
the  blood.  The  vascular  disease  itself  is  probably  in  some  way 
{perhaps  by  the  action  of  circtdnting  toxic  substances)  brought 
about  Ijy   tlu'  condition  of  the  blood. 

{<!)  Alterations  of  the  liquids  of  the  tissues  may,  eonceivalily, 
occasion  incrcasi-d  dill'iision  oi"  Fuptid,  but  ])raetically  little  is 
known  of  the  operation  of  this  element.  There  an?,  however, 
certain  cases  in  which  disturbed  nietai)olic  activity  of  the  ti-ssues 
seems  to  alter  the  tissue  liquids  in  such  manner  as  to  favor  the 
development  of  dropsy. 

(<)  Increased  permeability  of  the  capillary -walls  is  of  great 
imjmrtance  and  proliably  plays  a  part  iu  every  case  of  etlenia.  Ex- 
perimentally it  is  easy  to  prove  that  tliis  factor  alone  may  cau.se 
pathologic  transudation.  Ajiplieatinus  of  heat  to  a  part  or  the 
introduction  of  poisons  ca|)able  of  causing  disease  of  the  walls  of 
tlie  iilood-vessels  may  thus  (wcasion  c<!ema.  Clinically  tiiis  factor 
is  of  importance  iu  the  edema  of  Bright's  <liscase.  Formerly  the 
dropsies  of  renal  iliscasc  were  attributed  to  hydremia,  but  the 
exjieriments  cited  above  show  this  factor  to  be  insufficient.  On 
the  other  hand,  changes  of  the  vascular  .system  are  known  to  occur 
in  Rright's  disease,  and  partii'ularly  in  cases  usually  att^'nded  with 
marked  edema  (g]onieruloue])liritisl.  Changes  in  the  filood  mav, 
4)f  course,  contribute,  as  luay  also  stasis  due  to  canliac  weak- 
ness. 

Disease  of  the  ca]>illarv-walls  is  also  an  important  cause  of 
edema  iu  and  about  areas  of  iuflamnuitiou  (infl;iinmatorv  eilema). 
In  these  cases  the  toxic  causes  and  products  of  inflammation  doubt- 
loss  attack  the  walls  of  tlie  vessels  and  render  them  more  porous. 
Such  edema  may  occur  otdy  in  tlie  vicinity  of  an  inflamed  area,  or 
may  be  widespread.  Thus  in  some  cases  edema  of  the  lungs  and 
other  internal  org;ins  may  be  occasioned  by  bacterial  toxins  derived 
from  a  distant  frH-iis  of  infection. 

Cases  of  hereditary  edema  have  been  described.  These  may 
owe  their  origin  to  a  congenital  excess  of  vascular  permeability. 
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Finally,  there  are  casi-s  of  etlcnia  in  whicli  tlie  nervous  system 
seems  to  exercise  an  influence.  Anuiiiu  tltesi-  are  the  dropsies 
attentlinjr  eases  of  neuritis,  neuralgi;i,  or  org-.niir  ilisi'jises  ol"  tlio 
itonl.  In  these  instaneea  ehanges  in  tlie  liIiMwl-vessels  and  per- 
haps in  the  tissue-elastieity  nuiy  he  iin)Mirt:uit  eaiises.  An  inter- 
esting form  of  this  sort  is  that  known  as  angioneiirotie  e<lema,  in 
whicii  lot-al  etlemu  of  various  forms  (often  as  giant-iirtiearia)  makes 
its  appearanee  under  the  influence  of  nervous  irritations. 

{J)  Obstruction  of  the  lymphatic  circulation  does  not  ordinarily 
occasion  inlema,  ht-eanse  the  eollateral  eireulation  is  suttieient  to 
carry  away  the  iynt|)]i.  WIr'u,  Imwi-ver,  a  larjjer  trunk,  esjx'eially 
the  thomeie  duct,  or  numerous  smaller  iymphaties  are  obstructed 
edema  may  result.  This  is  ohserveil  in  the  chylous  a.seites  due  to 
obstructions  of  the  thoracic  duct  ami  in  the  edema  of  elephan- 
tiasis. 

Pathologic  Anatotny. — Edema  may  take  various  forms 
according  to  itt;  sitiiatiun.  In  some  eases  it  is  loetdizeil,  affecting 
a  limited  part  of  the  ImmIv,  as  a  single  ()rgan  or  member.  In  other 
cases  it  is  widespread  in  the  subcutaneous  tissues  and  skin,  when 
the  term  anasarca  is  applied.  It  mav  occur  in  the  serous  cavities 
in  the  form  of  serous  transudates  (liydrothorax,  ascites,  hydro- 
pericardium,  etc.). 

The  licpiid  itself  varies  in  ehanicter  according  to  the  cause.  In 
the  pure  tmasudates  due  to  increased  Hhration  the  litiuid  is  waterj', 
low  in  .specific  gravity  (below  1010),  and  eomi)aratively  poor  in 
blood-corpuscles  and  albuminous  constituents.  In  eases  in  which 
disetiseof  the  ves.sel-walls  has  played  a  large  part  in  the  causation, 
esj>e<;ially  in  the  inflammatory  edemas,  the  li<]uid  is  more  dense 
and  <v>ntains  more  eor|)uscl('H   and  albuminous  bodies. 

The  transudate  first  otvupies  the  lymph-spaces  or  intenstices  of 
tlie  tisanes,  causing  a  more  or  less  uniform  swelling  ami  l>ogginc.«s. 
The  tissue  pits  oh  pressure,  and  «m  .section  more  or  less  nbuntiant 
liouid  exudes.  The  solid  organs  (kidneys,  liver)  are  lighter  in 
color,  le.ss  dense,  and  more  moist  on  section  than  normal  ;  but  the 
appearances  of  edema  are  here  less  cliaracteristie  than  in  the  sul>- 
cutaneous  or  submucous  tissues,  or  iu  the  .sofler  organs  like  the 
lungs  ami  brain. 

Mier<.)scopically  the  tissue-clement.s  are  seen  to  be  pushed  ajKirt 
by  the  transudate,  and  in  simie  eases  the  cells  themselves  nuiy  be 
diseased  (st^o  Dropsical  Infiltration). 

Results  of  Edema. — Tin-  function  of  edematous  parts  is 
necessarily  impaired.  Simetimes  serious  conse(|nences  ensue,  as 
in  the  ca.**  of  edema  of  the  epiglottis,  the  lungs,  or  the  brain. 
Secondary  changes  may  occur  in  jwirts  the  seat  of  continued  edema. 
Among  these  arc  various  degenerations  of  the  cells  ami  a  pnKluctive 
cliauge  iu  the  connective  tissues.  The  latter  is  well  illustrated  in 
the  sclerotic  change  in  the  subcutaneous  tissues  of  long-stauding 
dropsy,  elephantiasis,  etc. 
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ATROPHY. 

Definition. — .Vtrujihy  in  a  cuiulitinii  in  wliicli  a  tis.siie  or  organ 
iinderi;;m>s  a  nitiiv  or  less  imiJ'onn  (liiiiiniition,  without  definite 
disease  of  its  constituent  parts.  It  is  extremely  difficult  to  draw 
a  sliarp  line  l)et\vt'i>n  atrophy  and  degeneration.  Frequently  one 
of  these  couilitions  merges  in  the  other. 

Hypoplasia, — Tbi*  term  is  applied  to  a  condition  in  which  certain 
organs  or  tissue.s  tail  of  their  norni;il  dtvelopment.  Thus  the  heart  and 
hh)od-vcrv-els  ami  tile  iatern.al  geuitaHa  h:ive  l:(een  found  incompletely 
develo]ieil  in  scinie  ea«es  of  chlorosis;  and  aiaiiliir  conditions  have  been 
foand  ill  other  diseases  or  apart  Ironi  manifest  disease.  It  is  difficult  to 
detenniin^  in  some  cases  whether  tlie  lack  of  development  is  purely  the 
result  of  lieHriency  in  the  developmental  processe;<  or  the  result  of  congeni- 
ta! ilisease.  Thus  in  the  state  called  iii/niilili»m,  in  «liie)i  the  l>ody  as  a 
whole  renniins  undeveloped,  there  is  douhtless  a  relationship  with  cretinism, 
anil  primary  ilisordered  action  or  deficiency  of  the  thyroid  ^'and  is  the 
underlying  cause.  Occasionally  an  organ  or  part  of  the  body  is  entirely 
wanting.    To  this  coudition  the  name  aplatia  is  given. 

Etiology. — The  <'aiises  of  iitr(i])liy  may  be  varied.  It  (K-eiirs 
as  a  result  of  want  of  fiinetional  deniand.  as  in  the  atropines 
aff<'etini;  |)alsied  liiiii)s  ;  and  sometime.-^  a.«  a  restdt  of  dislurbaiiecs 
of  the  truphie  uervotis  system,  as  in  diseast>s  of  the  tmterior  horns 
of  tlie  spinal  gniy  nuitter.  In  the  latter  instances  lack  of  use  is  a 
eontrihutini;  cause.  In  the  invtduiion  proc(>sscs  of  old  age  there 
is  more  or  less  genend  atrophy,  wliiidi  might  be  desigiiateil  as 
physiologic.  Similar  noniiai  or  physiologic  atrophy  oi-eurs  in 
certain  organs  ladore  the  gentT.d  inaiiifc.statious  of  ohl  age.  Tims 
the  atropiiy  of  the  thyiiiu.s-gland  in  early  cliihlhoiMi  and  of  the 
genital  orgiius  at  the  menopause  are  instances  of  ccs.sjitiun  of  func- 
tion, and  consiHjUent  or  concomitant  atro])hy  t>f  physiologic  char- 
acter. -Vtrophy  may  be  more  dehnitcly  jKithologic,  and  the 
result  of  distinct  causes,  su<'h  as  want  <d'  local  (ir  general  nourish- 
ment by  occlusion  of  the  vessels,  j)rcssurc,  etc.  Fn  these  <'ases  the 
process  may  ])c  purely  atropine,  or  there  may  be  distinct  degenera- 
tive disea.se  of  the  cells  with  dinumition  of  bidk. 

Pathologic  Anatomy. — Atro]ihy  may  be  Ki'mple  or  numrrica/. 
In  the  former  kind,  to  which  the  term  true  atrophy  might  also  l>e 
applied,  the  individual  cells  decrease  in  size  without  manifest  dis- 
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Fli;.  9.— Brown  atrophy  ol 
the  hfttrt-musiic. 


ease ;  in  the  latter  the  cells  are  reduced  in  number,  and  are  usually 

first  altered  Uy  some  fi»nii  of  <lff;vi)crative  disease,  s((  that  the  proe- 

ess   is   not,  strictly   >|ieakiiii|;,  inic    alropliy. 

The  j>arenchynia  of  organs  suH'crs  first  aud 

most  charaeteristieally,  the  coniurtive  tissues 

remaining  unatfeeted  or  even  underjroiug  hy- 

jxT|)lasia.      In  trur'  atropliy   the  cells  may 

present  no  definite  alteration,  excepting  ]ht- 

lia])s  slightly  increasc<I  pigmcntalioii.     This 

is  sometimes  due  to  the  liiut  that  the  normal 

pigment  of  the  cell  docs  not  sutler  reduction 

as  do  the  other  constituents  of  the  cell,  Iml 

in  otlier  eases  there  is  actual  de]>ositiou  of 

figment  ( hematogenous).  Cusi's  of  the  latter 
iiid  are  designate*!  as  Ijroirn  ofrop/iii  (Fig.  !>).  This  is  seen  most 
strikingly  in  the  hearl-niusde  in  advanced  old  age  or  in  [lersons 
deatl  of  some  chronic  cachectic  disease.  In  some  of  the  conditions 
generally  deserilx'<l  as  atroi)hy  the  cells  show  degenerations  of 
NTirious  fonns,  such  a.-?  cloudy  .swelling,  coagidation-nccrosis,  iiitty 
degeneration  with  vacuoli/atiuu,  auil  other  gross  alterations  of 
jftruetnre. 

•Secondary  degenerative  ehanges  may  ixvur  in  the  coiuieetivc 
tissues  after  the  paiTnchy ma-cells  have  heeome  atrophic.  Tims, 
after  the  physiologic  atrophy  of  tlie  thyruus-gland  lias  oceurivd 
the  connective  tissues  of  the  gland  and  of  the  surrounding  [larts 
Iweome  converted  into  fatty  tissue.  In  other  ■/ases  myxomatous 
change  may  he  observed. 

Organs  which  have  undergone  afro]>hy  ari' oflrii  cjuitc  irregidar 
on  the  burface  from  une<jual  involvement  of  the  dlHirent  con- 
stituents. The  etmsisteney  may  lie  little  changed  ov  may  be 
greatly  red ueefl,  particularly  when  some  form  of  cellular  ilcgcnera- 
tion  is  present.  On  the  other  hand,  the  organ  may  be  hard  and 
tough  from  sei'ondarv  hyperplasia  of  the  eomiei'tive  tissue.  The 
capsule  is  generally  wrinkled  fiom  tiie  shritd<age  of  its  eonteiits, 
and  secondary  thickening  is  not  unusual,  es]Keially  in  the  heart 
am!  spleen.  The  color  of  the  organ,  like  that  of  the  individual 
cells,  often  becomes  darker  than  normal  and  luay  lie  decidedly 
eliungef!  in  Itrowii  atrojihy. 

In  eases  of  j)ressure-atro)i!iy  various  distortions  of  llic  affected 
organ  may  l>e  observe*!.  These  are  ]>artirularly  marked  iu  the 
livers  of  women  who  have  laced  excessively.  The  right  lolic  of 
the  organ  often  presents  a  deeji  groove  or  furrow  corresjtonding 
with  the  lower  lM)rder  of  the  ribs,  aud  each  of  the  rilis  with  whicli 
the  organ  comes  in  contact  may  <'ause  a  de]>ressiou. 

Pathologic  Physiology. — The  funetiini  of  an  atrophic 
organ  i.s  necessarily  ini|niireil.  in  the  atro|)hies  of  old  age  this 
may  !»e  of  little  consefjueiiee,  as  tlie  functional  deiuam!  grows  less 
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and  less.  In  premature  atrophies  general  as  well  as  local  disturb- 
ances may  ueeiir.  These  disturbances  \iiT\  with  the  varj'ing 
liinctions  oC  the  orgiins,  and   will  lie  si'parjitcly, discussed. 

THE  DEQENERATIONS. 

The  general  term  degeneration  i.*  applied  to  ehauges  in  the 
tissues  by  which  their  integrity  is  altered  in  the  direction  of 
lowered  vitality.  'J'here  may  be  a  conversion  of  the  protnphism 
of  the  cell  intti  substances  almormal  to  it  either  in  kind  or  quantity. 
This  is  termed  dtf/eneraiiov  in  a  niuTower  sense.  In  a  second 
class  there  are  dejK)sited  in  the  cell,  front  the  V>lood  or  other  fluids 
of  the  l)0<ly,  substances  abnornuit  to  the  cell  in  kind  or  (juantity. 
The  name  uifi/tnifirjn  is  aj)]>lic(l  to  thes*-  processes.  In  individual 
cases  it  is  often  dilJicult  to  distinguish  between  the  two  varieties. 

CLOUDY  SWELLING. 

Definition. — Cloudy  swelling,  also  termed  albuminous  infil- 
tration and  Jiarenehymatous  degeneration,  may  be  defined  as  an 
edema  of  the  cellular  protoplasm,  witli  alterations  in  the  proto- 
plasmic jiroteid  and  the  ]>roduction  <>i'  opacity. 

Etiology. — Cloudy  swelling  is  nn  almost  imiversal  acconi- 
panimeut  of  inflammations.      Circulatory  disturbances  (anemia) 


Fta.  10.— Cloudy  swelUnf;  and  netTnuIsi  nt  tho  pplthclinl  cvUk  of  the  renal  tubules,  due  lo 

sublimflte-poiaoiiiiif;  (Kniy  hihI  Schmorl). 

were  formerly  supposed  to  be  important,  hut  are  now  considered 
to  Ik'  of  little  significance.  Fever  per  ec  can  produce  clondv  swell- 
ing, probably  not  so  much  the  result  of  the  simjile  degree  of  heat 
as  of  metalKilic  disturbances  induced  thereby.     The  most  frequent 
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canse  of  cloiuly  swollirifj  is  intoxication,  citlicr  liy  Ijactcrial  toxins, 
as  in  the  various  inffctioiis  (.-oiKntions,  or  by  iiinumcnihlt*  organic 
and  inoreanio  siihstanc-es.  Cloiuiy  swclliiifi  is  al.so  <'aiiSL'il  hy  nu- 
tritiunal  (listiirbanccs  ;  starvation  of  an  ttriiim  will  |ir(Mturf  it  as  tlif 
first  stage  of  atrophy  ;  anil,  un  tho  L-outniry,  tin-  fclls  may  in  other 
cases  b(;  so  ovcrlo:»<le<l  with  nutritional  Mib.-tiiniTs  as  to  booome 
temporarily  transtornicd  into  this  condition,  a>  in  the  j;Ian<lnlar  epi- 
thelium of  the  livfr  diirinj;  active  digestion.  It  is  farther  known 
that  excessive  celhilar  activity  may  result  in  a  dondinoss  of  tlie 
protoplasm,  as  in  the  kidney  and  in  glands  excited  by  ncr\'ous 
stimulation.  These  latter  processes  should  !«•  viewed  as  normal 
phenomena,  analogous  to  the  physiologic  fatty  dcg<ncratir>ns. 

Patholog:ic  Anatomy. — the  swollen  cells  present  a  fine 
opacity  which  luidcr  high  powers  is  seen  to  be  <hic  to  the  presence 
uf  diifuM^l  refractih'  gnnndes(Fig.  10).  The  normal  jirntoplasniic 
granulations  have  disapp<'nrcd  ;  in  nmscle-fibcrs  the  striation.sare  ob- 
scured or  obliterated.  Vacuolation  may  be  seen  in  the  late  stages. 
The  eell-wall  l)ecomes  indistinct,  so  tliat  the  cells  ap]K'ar  to  have 
coalesced.  The  nuclei  may  be  little  altered.  (Jencrally  the 
chromatin  Itecomes  diflnsely  stained  ;  it  may  eh'ct  the  at'id-stains 
or  may  refuse  all  staining.  Marked  nuclear  degenerations  are 
not  seen  in  simple  cloudy  swelling,  or  at  least  verj'  rarely.  In 
late  stages  the  entire  cell  may  lose  its  normal  reactions  to  slain- 
ing-reagents.  Tlie  distinctive  gniindes  arc  not  soluble  in  alcohol 
or  ether,  but  are  dissolved  by  acetic  aciti  and  alkalies, 

The  large  glandular  organ.s,  the  liver  and  kidncy.s,  illustrate 
the  condition  exquisitely.  The  entire  organ  is  syniiuetiically 
swollen  ;  the  general  consistency  perhaps  a  little  decreased.  On 
section  the  surface  may  be  fouuil  a  little  moist  and  the  ]>aren- 
chyma  protrudes.  The  color  is  an  opaipic  pallor,  suggestiug  the 
appearance  of  boiled   tlcsh. 

SeatJi. — The  glandidar  (?|)ithelia  (liver  and  kidney)  and  the 
niuscle-tibers  are  the  .striking  seats  of  this  dcgenenitifin. 

Pathologic  Physiology. — The  oiKicity  seems  to  be  due  to 
a  cooeulation  or  precipitation  of  a  part  or  all  of  the  [irotopLismic 
proteid.  Some  systematic  writers  have  attempted  to  divide  it  into 
two  groups:  alliuminous  infiltration,  in  which  the  material  has 
been  deposited  in  the  cell  and  then  been  pri'ci|titiited  ;  and  albu- 
minous degeneration,  in  which  the  inherent  cellular  proteid  has 
been  precipitated.  It  is  doubtful  whether  this  division  is  justified. 
The  chemie  relations  are  entirely  obscure.  It  is  as  yet  inc(>iu]>re- 
heusible  how  ijacterial  toxins,  themselves  ap])ar(>ntly  pr(4ei<ls,  can 
precipitate  other  and  higher  proteids.  In  the  case  of  inorgjinic 
fioisoning  (metallic  salts,  acids)  the  process  is  more  readily  nnder- 
.stood.  The  swelling  is  probably  a  simple  edema,  due,  it  may  be 
inferred,  to  disturlMnl  osmotic  relations. 

The  function  of  orgjms  is  more  or  less  prr)fouudly  disturbwl  by 
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this  form  of  degeneration.     Complete  recoverj*  is  easy  «nd  fre- 

auent.     If,  however,  the  canses  persist,  the  cells  pass  into  other 
egenerations,  usually  fatty  metamorphosis. 


FATTY   INFILTRA1ION. 

Definition. — Fatty  infiltration  is  the  tlepo:«ition  of  fats  derived 
from  the  circulation  in  cells  and  tissues  which  normally  contain 
none,  or  the  deposition  of  an  excess  of  fats  in  cells  and  tissues 
which  normally  contain  such. 

Htiology. — Fatty  infiltration  may  be  physiologic  or  patho- 
logic in  its  origin.  In  conditions  of  general  obesity  the  regtdar 
consumption  of  excessive  quantities  of  nourishment  may  lead 
to  the   most   marked  tiegrees  of  fatty   infiltration  ;   an  inherited 

trcdisjxjsition  and  lack  of  exercise  acting  as  contrilniting  causes, 
n  rare  instances  it  seems  possible  that  with  the  nonnal  physio- 
logic diet  persons  of  exceptional  digestive  power  and  living 
uniler  conditions  which  restrict  combustion  may  become  affected 
with  pathologic  fatty  infiltration.  The  condition  may  occur 
<luring  pregnancy,  and  is  frci|Hent  at  the  menopause.  In  a 
large  class  of  cases  an  abnormal  ilict,  or  the  presence  in  the 
diet  of  substances  which  tonil  to  the  formation  of'  fats,  such  as 
alcohol,  are  responsible  for  the  condition.     It  is  doubtful  whether 
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Fio.  II.— Kalty  Inflltnition  of  Ibe  Uver. 

poisons  pKKluce  general  fatty  infiltration  ;  they  frequently,  how- 
ever, indirectly  pnxlncc  local  or  visccrsil  infiltrations.  In  cachexiajs 
certain  organs  may  become  loaded  with  fats,  as  is  sonietime.s  seen 
in  the  liver  in  phthisis.  In  carcinoma  the  cells  of  the  neoplasm 
may  become  infiltrated  with  fats.  In  organic  diseases  of  the  ner- 
vous system  accomjianied  l)y  extensive  disintegration  of  myelin,  in 
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hone-tliscases,  and  even  following  fmotiirtfs  of  or  oiK'mtions  on 
iKines,  the  liberated  fats  are  taken  up  by  the  circulation  and 
deposited  in  susceptible  localities.  There  is  a  rare  form  probably 
entirely  of  senile  origin,  and  also  a  tvpc  wliicii  ii|>pcars  at  puberty. 
Of  general  diseases  that  may  cause  gencnil  tatty  iiiiiltnitiun,  clilo 
rosis  and  diabetes  may  l)e  mentioned.  Fats  may  bo  dejmsited 
locally  as  substitution-tissue,  as  in  the  capsule  about  sclerosed 
kidneys,  in  the  place  of  atrophied  muscular  fibers,  in  the  bones, 
and  about  areas  of  k>cal  disease.  The  protective  areas  of  fibrous 
tissue  which  wall  oH'  patiiologic  processes  of  various  kinds  may 
become  extensively  infiltrated. 

Patholo^c  Anatomy. — Normal  tissue  plus  fat  describes 
the  appejirances.  The  fat  may  be  difl'use,  in  locidizcd  areas,  or  in 
streaks  along  the  planes  of  fibrous  tissue.  The  appearances  natu- 
rally vary  with  the  tissue  affected.  The  connei-tive  tissue  rather 
than  the  parenchyma  usually  displays  the  disease.  Microscopically 
the  fat-<lrops  are  seeu  withiii  and  without  the  cells.  Without  the 
cells  they  are  most  prominent  along  the  fibrous  strands,  under  the 
endothelial  membnines,  about  the  lymph-i'hannels,  between  the 
mtisfular  fii)rillje,  and  to  a  marked  extent  just  tjcneath  the  true 
skin,  and  iudceil  ai)out  all  fascijp.  In  the  kidney  the  collections 
are  between  the  tubules;  in  the  liver,  in  the  fibrous  trabeculte, 
but  especially  in  the  hepatic  cells  ;  in  the  heart,  underneath  the 
serosa  and  between  tlii'  bmidles  of  fibers.  Wtthiu  the  cells,  and 
this  Ls  most  marked  in  glandular  cjvithclial  cells,  the  fat  is  seen 
as  distinct  drops  within  the  ccll-widl.  The  fat-drops  arc  always 
of  considerable  size,  and  soon  run  together,  foruiing  one  dnip, 
which  pushes  the  protojilasm  and  luicleus  against  the  cell-wall. 
The  nuclei  are  usually  norriKilly  distitii't  and  stain  well  ;  tlu; 
cell-protoplasm  is  clear  and  presents  its  um-mal  granides  ;  the  cell- 
wall  is  intact,  though  often  bidging  to  accommodate  the  excess  of 
contents.  In  rare,  ])rf>louged,  and  c.xtrenic  instances  the  bulk  of 
the  fat  may  be  such  as  to  interfere  with  the  functions  and  nutrition 
of  the  cells,  whose  nuclei  and  ])n>to]ilas(u  will  then  slmw  patho- 
logic alterations.  Crystalline  formations,  as  of  margtiriii  and 
cholesterin,  anil  tiny  l>alls  of  lecithin  may  be  present,  but  are 
more  often  seen  in  fatty  degenenitions.  The  fat  may  be  .stained 
with  osmic  a<'id  or  sudan  III. 

Seats. — The  favorite  seats  of  fatty  infiltration  are  the  subcu- 
taneous and  subserous  tissues,  the  mesenteries  and  omentimi, 
along  the  fascia?,  between  the  mus«'lc's,  about  the  kidneys,  and  in 
the  liver  and  heart.  The  lungs  and  centnd  nervous  oi^ns  are 
rarely  and  only  slightly  affected. 

Pathologic  Physiology. — I  have  attempted  to  define  this 
condition  rigidly  as  an  infiltnition  of  fat  intrt  cells  or  tissues,  dis- 
tinct from  formation  of  fat  in  them.  Confessedly  in  individual 
cases  the  separation  may  be  impossible ;  all  doubtful  coses  are 
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probalily  tlegenerative.  Infiltration  arises  whenever  there  is  an 
abnormal  <jiiantitY  of  fat  in  the  t-ireulation  ;  the  causes  of  this 
were  iiointed  out  in  the  etiology.  Infiltration  into  imjM-rfwt  or 
disea.>ied  eell.s  may,  however,  ot'cur  with  only  normal  (juantities  of 
circulating  fats  ;  this  is  probably  the  explanation  of  many  of  the 
local  varieties.  All  cells  and  lis.sues  are  not  of  the  same  dcjjree 
of  susceptibility  ;  when,  thercfoi-c,  isolated  areas  m'cur  in  unusual 
localities  :i  pre-existing  disease  should  be  suspecte<l.  The  mech- 
anism of  deposition  is  not  well  understood ;  it  is  perlia{>s  etJ'ected 
by  circulating  cellular  carriers. 

Unless  very  extreme,  fiuty  infiltration  does  not  seriously  eni- 
barmss  tlie  functiims  nor  threaten  the  existence  of  tissues,  and 
conijilete  recovery  and  restitutinn  arc  the  rule.  It  may,  however, 
lead  to  sei-ondary  <legeneratioiis,  which,  particularly  in  the  heart, 
may  be  of  serious  eon.sequene€  to  the  organ. 


FATTV   DEGENERATION. 

Definition. — This  is  defined  as  a  metaniorpiioHis,  the  conver- 
sion of  the  <'e!lular  protoplasm  into  fnt.  The  classi*'  ])liysiiilogic 
illustration  is  the  fat-prodiietinn  in  the  secirtion  of  milk.  Here 
the  nature  of  this  process  has  not,  however,  been  determined.  The 
majority  of  the  secreting  cells  neither  die  nor  show  jKithologic 
alterations  ;  while  in  the  case  ol'such  as  are  cast  oft',  as  colostruni- 
cclls,  it  has  not  been  shown  that  their  fat  was  not  an  intiltnition. 

etiology. — Fatty  degenerations  frequently  follow  uptin  cloudy 
swelling,  and  the  causes  detailed  for  the  one  apj'ly  also  to  the  other. 
Of  all  agents,  jwisons  are  the  most  iniportjint.  These  may  be  me- 
tallic, as  mercury,  arsenic,  lead,  phosjvhorus — indeed  most  of  tlie 
metals.  Ccmipounds  which  directly  bind  the  hemoglobin  or  reduce 
it,  or  break  up  the  ri'<l  corpuscles,  likewise  [inMlucc  it.  Such  are 
carbonic  oxid,  chlorate's,  i>yii>g;dlic  acid,.>*ome  cojil-tar  compounds, 
etc.  Certain  poisons,  like  ehlorolbrm,  ether,  imloforni,  and  the 
acids,  seem  to  act  directly  on  the  cell-nutrition.  In  the  case  of 
most  of  these  substanr'es  it  seems  to  have  been  shown  in  more  or 
less  accurati'  chemical  stiidi(;s  that  the  pois(>n  act.s  by  disturbance 
of  the  gaseous  cellular  metabolism.  The  toxins  of  bacteria  am 
causes  of  importance,  but  their  mode  of  action  is  not  clear,  an<l  the 
analogy  with  the  mctaliie  poisons  which  natnriilly  suggests  itself 
has  not  been  made  out.  In  all  anemias  and  cachexias  fatty  de- 
generation is  common  ;  it  is  rare  in  uncomplicated  chlorosis.  The 
degeneration  in  these  cases  was  formerly  regarded  as  due  to  sub- 
oxidation.  Since,  however,  it  has  been  shown  that  no  suiioxida- 
tion  o<;curs  in  such  chronic;  anemias,  the  degeneration  may  be.st  be 
classed  as  toxic.  It  s»'ems  possible,  however,  that  extreme  hemor- 
rhage can  pnKluce  fatty  degeneration  by  suboxidation.  Metab- 
olic diseases  can  alsri  pro<luce  it,  as  is  .sometimes  sihti  in  diabetes. 
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Fever  can  produce  it,  but  the  temperature   must  Ik*   liigh    and 
prf)Ionged. 

Local  fatty  degenerations  may  l>o  aiused  liy  l<>cal  disturbances 
in  nutrition,  if  not  too  sudden.  Tlii^  is  swu  in  cases  of  con- 
gestion, thrombosis,  eiiiliolisni,  atlieroiiiii,  in  tiitinn's,  jiiid  in  tiihiT- 
cular  and  sypliilitie  deposits.  Tlie  liitty  t-tiaiiges  of  senility  are 
probably  of  like  origin.  In  the  involution  of  tissues,  as  in  the 
thymus,  corpus  luteuni,  uterus,  etc.,  fatty  degenerations  are  com- 
mon. Trophic  disturlKinces  pnvluce  tlie  degeneration,  as  is  seen 
in  the  volinitary  muscles.  In  many  piitiiologic  processes,  as  in 
casication,  I  iqiieJiict  ion -necrosis,  and  tlic  resolution  of  pncumoniu, 
this  metamorphosis  plays  an  iinjHirtunt  rote.  In  nnv  instances,  as 
mentioned,  fiitty  inliltnition  may  ]kiss  into  fatty  degeneration. 
The  transformation  en  muMi'  of  tissue  into  fat,  ixs  in  fat-necrosis, 
should  not  be  terme<l  fatty  degeneration. 


.♦ 


Flo.  12.— Fatly  degenenUon  of  the  epithelium  of  the  rennl  tiibalei;  stained  with  osmlo 

ucid  iSiiiiDionds). 


Pathologic  Anatomy. — Organs  tiic  sulyeet  of  markid  fatty 
feneration  arc  often  somewhat  increased  in  size:  to  this,  how- 
ever, there  are  many  exceptions ;  a  notable  one  is  acute  yellow 
atrophy  of  the  liver.  The  consistency  is  usually  lessened,  tho«g}« 
aaaociated  fibrosis  may  render  the  atfwted  |)art  abtiormally  dense. 
The  specific  gravity  of  the  tissue  is  notalily  rctlucvd.  In  the  ner- 
vous system  and  iu  ca.-^eation  and  allied  conditions  litjuefactiou 
may  o<--cur.  The  color  in  typical  instances  is  a  pale  yellow  ;  the 
existence  and  degree  of  congestion,  pigmentation,  or  jaundice,  will 
obviously  alter  the  color.  The  areas  of  degeneration  may  be  uni- 
form or  isolated.     In  the  heart  and  liver  particularly  streaks  or 
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Flii.  Kl  — Fall)  <li- 
Kvneralion  of  thu 
beart-musclu. 


irregular  areas  iiiav  ])ro<liice  a  ninttleil  appearance.  On  section 
free  I'ai  may  drip  tViim  the  knife  ami  cut  surface ;  in  other  cases 
no  fat^^rt^plet,s  can  be  seen  niacroscopically.  In  rare  instances 
fat-crystalri  may  he  visililc  to  the  riiilccil  eye. 

MifroKcnpic  Apjifaranccn. — The  piiri'Ufliyina-cells  are  first  and 
most  extensively  atlcctcd,  tlmu^li  the  connective  tissue  may  be- 
come involved.  The  cells  arc  usually  somewhat  enlarged.  The 
natural  granules  of  the  prtitophism  disapix'ar,  and 
in  their  stead  are  tine  dark  gntnulcs,  which  usually 
stain  black  with  osmic  acid  (Figs.  12,  13),  and 
which  arc  dissolved  by  alci>hol,  ether,  etc..  but 
not  by  acetic  acid.  A  peculiar  reaction  of  the 
granules  is  their  staining  with  fuchsin  (fuch- 
sinophilc  grannies).  Ifsually  the  granules  are 
very  fine  and  only  slightly  ref'ractile ;  they  may, 
however,  be  large,  and  considerable  droplets  may 
ajipcar  or  the  entire  cell  becevme  one  large  fat- 
drojt,  as  in  fatty  iniiltration.  The  nuclei  in  many 
cases  of  modi-rate  ilcgree  show  no  changes ;  later 
in  the  pr<)cess,  however,  the  chnuuatin  Ix-coraes 
diffused  and  refuses  to  stain  and  the  nucleus  may  entirely  disap- 
pear. Ivarge  hyalin  balls  may  Ibrm  inside  the  cell."; ;  these  stain 
with  acid-stains.  The  cell-tneiobraue  siwincr  or  later  breaks  down, 
and  the  fatty  contents  and  detritus  till  the  space.  Cholcsterin, 
lecithin,  and  fatty  crj-stallinc  formations  arc  often  seen. 

Seats. — Fatty  degeiuTation  wcurs  in  nearly  all  tissues.  The 
epithelial  structures,  especially  the  liver  and  kidneys,  the  heart- 
muscle,  and  the  central  nervous  organs  are  the  tissues  Jiiost  fre- 
quently jdlectcd.  As  before  stated,  interstitial  as  well  as  paren- 
i-liyniatoiis  tissues  mav  be  involved.  The  cellnlar  i-(>nstitn<'nts  of 
exudates  and  transudates  are  also  liable  to  the  cliange,  and  the 
liquid  may  thus  present  the  appcarau<'e  of  an  emulsion. 

Pathologic  Physiology. — The  nianner  r»f  occurrence  of 
fatty  metamorphosis  is  as  yet  entirely  obsi-ure.  If  it  were  proved 
that  fats  can  be  Ibrmcd  out  of  prntrids,  this  tiict  wonhl  warrant 
the  simjvie  explanation  that  in  liitty  dcgcucration  the  protoitlasmic 
proteid  is  directly  converted  intoiiit.  ("crlain  evidence  of  this  has, 
however,  never  l)e<"n  prcsenti'd.  ;m<l  our  reactions  for  fat  are  too  nn- 
ivliahle  to  warrant  dedin'tions  from  simple  microscopic  studies.  It 
has  become  ap])arent  that  the  old  and  still  largely  accepted  phys- 
iologic theory  has  nev<'r  been  demonstrated,  even  though  it  be 
tnie.  No  otic  has  as  yet  produced  fat  in  an  animal  fed  on  proteids 
entirely  freed  from  fats  and  carbohydrates,  and  in  the  experi- 
ments with  meats  whieli  contain  both  it  has  not  been  shown  that 
any  earbon-ret<'ntiou  was  miiiccompanied  by  nitrogen-retention 
and  that  the  carbon  was  retained  iu  the  form  of  fats  or  glycogen. 
It  is,  of  course,  quite  jwssilde  that  the  proteids  may  be  directly 
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converted  into  fat,  and  in  rrcent  experiuifnts  njKin  starving  frogs 
poisoned  with  phosphonia  tiiis  was  appart-ntly  demonstrated  ;  but 
even  in  these  experiments  it  in  likely  tfiat  the  glycogen  of  the 
liver  was  the  sonree  of  tlie  ilit  ]»r<idiiecd. 

Unlike  fatty  irdiltnitii»n,  fiutv  dt'i;eiK'ration  tends  to  cell-death, 
as  must  in  the  nature  of  thiiijrs  !><'  ulivionsi,  for  it  is  an  expression 
of  cell-disease.  Mild  grades  with  the  jireservatimi  of  the  niielei 
undoubtedly  admit  of  recovery  ;  severe  grades  go  on  to  total 
necrobiosis.  The  function  of  the  celLs  i^,  fif  course,  disturbed. 
This  may  be  in  the  direction  of  simple  reduction  uf  function,  or  it 
may  cause  distinctly  abnonnal  activity  ■with  pathologic  metabolic 
})nnlucts. 

THE   ALBUMINOID  DEGENERATIONS. 

The  amyloid,  hyaline,  mucoid,  and  colloid  degenerations  rep- 
resent proteid  metamorphoses  which  an'  closely  related.  In 
typical  instances  they  can  be  tjuite  clearly  tiitrereutiated  from  each 
other,  and  for  the  sjike  of  clearness  and  convenience  they  will  be 
separately  described.  It  nuist  be  understood,  liuwever,  that  the 
products  are  cli>sely  related  substances  whose  clu'mical  character- 
islics  and  relations  are  not  clear,  and  which  cannot  in  many  cases 
be  distinguished. 


AMYLOID   DEGENERATION. 

Definition. — This  consists  in  the  ap|>earance  in  tissues  of 
amyloi<l  material  ;  whether  it  is  formed  in  /oco  or  <lejK>sited  as  an 
intiltration  is  not  quite  clear.  Aniyhiid  seems  to  be  a  combination 
of  chondratin-sulphuric  acid  with  a  jirotcid. 

etiology. — The  common  conditions  under  which  amyloid 
degeneration  arises  arc  suppuration  and  ulceration.  In  tubercu- 
losis, especially  of  the  lungs  and  skeleton,  atui  particularly  in  cases 
of  mixetl  infection,  and  in  syphilitic  ulceration  arc  found  the  con- 
ditions most  favorable  to  its  production.  It  occurs,  however,  in 
connection  with  ulcerations  of  various  sorts,  in  cutaneous  ulcera- 
tions, in  gastro-cnteritis,  in  actinomycosis.  Karely  it  occurs  under 
conditions  of  cachexia  without  stij»|Minition,  as  in  cancer,  malaria, 
leukemia.  In  a  few  instances  it  occurs  without  any  apparent 
cause. 

Local  amyloid  formations  are  pn>l)ably  in  no  wise  connected 
with  the  genenil  condition  and  utrdouUtedly  are  often  entirely 
physiologic. 

Pathologic  Anatomy. — In  marked  instances  the  orgtuis  are 
enlarged,  and  their  specific  gravity  increased.  On  section  the 
tissue  18  firm ;  the  cut  surface  is  smooth  and  neither  contracts  nor 
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extrudes.  The  consistency  varies  with  the  coexistence  and  degree 
of  fibrosis,  tatty  dcf^eneration,  etc.  '  Amyli>i<l  substance  is  more 
ineliistic  than  any  other  dcfj^Micnitive  material.  The  color  of  the 
organ  is  nsiiaily  )iale,  liut  may  obviously  be  altered  by  congestion, 
pigmentation,  or  fatty  degeneration.  The  amyloid  substance  itself 
has  a  glistening,  waxy,  tninslnccnt  apjK'arance  which  is  almost 
pathognomonic.  This  waxy  aj>|)caRinee  is  not  always  unifVirm. 
Jlild  or  even  moderate  degciieration  may  not  present  niacrosco]>ic 
appearances ;  in  tiict,  apparently  quite  normal  tissues  may  be 
highly  amyloid  micniseopically.  The  special  appearances  in 
various  organs  will  be  described  in  the  appropriate  chapters. 


*^A 
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Fki.  H— Amyluid  ilcKi'uerntlnD  nf  tbt'  kidney,  xhoirlng  smylnM  substance  In  the  walU 
of  the  blood-veueli  of  tbe  glomerulua  at  I>,  and  hyaline  tube-casts  In  the  retial  lubttlM 
at  g  (Zlegler). 

Microwople  Appearances. — The  favorite  seats  are  the  intima  and 
ine<lia  of  the  blfMiu-vessels,  the  adventitia  iM'ing  rarely  affected,  the 
endothelium  apparently  never.  The  fixed  connective  tissues  of  the 
organs  are  the  parts  affected,  the  wandering  cells  and  leukocytes 
being  rarely  involved.  Muscle-cells  ar<'  iindotilitedly  susceptible; 
but  recent  studies  seem  to  show  that  glandular  and  lining  epithe- 
lium is  never  involved.  Such  cells  may,  and  often  do,  show  fatty 
or  otlier  <legenerations  or  necrosis,  but  the  ]»resence  of  amyloid 
Bubstance  within  their  protoplasm  has  not  been  shown.  The  sub- 
stance appears  as  irrcgidar  clumps  or  streaks  in  the  interstitial 
tissues,  often  compressing  the  cells  and  blood-vessels.  It  presents 
a  glistening  homogeneous  npfiearance.     The  cells  usually  present 
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evidences  of  atrophy  ami  other  degeneratiou.s.  In  the  renal  glome- 
ruli and  in  the  Malpighian  eoqiuscles  uf  the  spleen  the  appeiir- 
ances  are  perhaps  most  distinctive.  Without  staining  anivlnid 
degeneration  cannot  always  he  (li^■ting^islled  from  other  degenera- 
tions ;  indeed,  not  always  with  staining  renetious.  Tlie  substance 
is  highly  resistant  to  bacterial  decouijxisition  and  to  digestion. 

Reactions  (see  also  below). — The  gentian-violet  reaction  seems 
to  be  the  most  invariable.  In  sections  of  tissue  fixed  for  iniero- 
scopie  study  gentian-violet  colors  the  nornud  tissues  blue  ;  the 
amyloid  substance  is  a  light  pink  or  red.  Imiin-green  gives  a 
similar  red  reaction.  A  mahogany-red  reaction  with  Lugol's 
solution  of  imlin  is  quite  constant,  but  fails  in  the  isolated  amy- 
Ioi<l  bodies.     It  is  easily  obtained  in   fresh  s|)ecinieiis.     The  red 

•  ojlor  is  changed  to  a  blue  by  treating  witli  sulphuric  acid  or 
chlorid  of  zinc. 

Seats. — In  the  onler  of  fre<pieney  ainyloitl  degiaienititm  affects 
the  kidney,  liver,  and  spleen,  then  the  larger  bhiod- vessels,  the 
intestinal  muco.sa,  the  lymph-glands,   the  skeleton,   the  adrenal 

■  bodies,  and  the  heart.  It  nirely  affects  the  pulmonary  mucosa,  the 
bladder  and  genitalia,  the  thyroid  body,  tin-  \uluulary  lun.scles, 
and,  apart  from  the  liK-al  amyloid   bmlies,  the  nervous  system  or 

•the  integument. 
Local  Amyloid  Formations. — Thcsc^  (X'cur  in  the  nervous  sy.stem, 
especially  in  advanced  yi-ars  and  in  scleroses,  grouped  about  the 
blood-vRssels,  most  marke<l  in  the  posterior  conl  and  in  the  brain  ; 
in  the  pri>strate  glanil  ;  about  inttanimatory  areas  ;  in  infarcts;  in 
pranulomata,  especially  syphilis  ;  and  in  neoplasms.  They  present 
themselves  as  small  rniind  Ixnlics  which  usually  have  u  pr)ncentric 
arrangement  resembling  starch-granules.  They  do  not  usually 
present  the  typical  amyloid  reactions  ;  often  they  react  more  like 
hyaline  substance,  and  iadt-eil  tlie  blofKl-vessels  in  their  situatitiu 
seem  especially  affecti'd  with  hyaline  change.  The  special  apfiear- 
ances  and  reactions  of  tlie  amyloid  Imdics  of  the  nervous  system 
will  be  descril>ed  in  connection  with  neuropathology. 

Pathologic   Physiology. — As    stated,   amyloid    substance 

Ieeems  to  be  a  combination  of  chond rati n-stdph uric  acid  with  a 
proteid.  It  is  composwl  <if  hydrogen,  nitrogen,  carbon,  and  sul- 
phur, and  is  insoluble  in  weak  alkalies.  Cliondnitinic  acid  is 
normally  present  in  bones,  cartilages,  and  elastic  tissue.  It  seems 
to  have  been  shown  that  an  amyloid-like  substance  exists  in  the 
clastic  coat  of  the  blrMjd-ve.s.sels — perhajis  a  different  combiiiatitm 
of  chondratinic  acid.  Our  present  knowledge  suggests  that  amy- 
loid substance  is  ni»t  entirely  abnormal,  but  rather  an  abnormal 
combination  of  normal  substances.  It  seems  to  result  from  ]iro- 
teid  alterations  in  connection  witli  the  pathologic  princesses  already 
detailed.  That  bacterial  influences  are  not  necessary  is  suggested, 
though  not  proved,  by  the  fact  that  amyloid  change  has  been  pro- 
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<lucpd  by  lonjj-coiitiniictl  aseptic  suppuration  induced  by  turpentine 
injectiDns. 

Amyloid  ^ub8tiinco  eannot  Im?  removed,  but  <loes  not  of  itself 
eomproniisc  life.  It  may  ln-coitii-  tninsfornted  into  typiwil  hyaline 
substani.-e.  Amyloid  defii'iicnition  intcrCurcs  witli  functional  activ- 
ity by  pressure  upon  the  parencliynKi  and  by  vasoulur  disturb- 
ances. IJy  its  situation  in  the  bl<XKi-ves«:'Is  it  may  oecasion 
thromlx)sis. 


HYALINE   DEQENERATION. 

Definition.— Tfiis  is  a  retroerfssive  process  consisting  in  the 
app'anini-e  ol'  a  hoinofrcn«jus  pnttcid  sulistancc  of  obsfiire  nature. 
It  i.s  closely  allied  to  amyloid,  mucoid,  and  colloid  defeneration, 
and  van  certiiiuiy  pass  into  ca<'h  of  them.  It  is  also  related  to 
coagulation  necrosis.  The  hyaline  <'lianfie  of  epithelium  of  older 
authors  is  now  by  genend  consent  classed  as  a  nnieoiil  transforma- 
tion. 

Etiology. — Hyaline  degenenition  occurs  under  the  following 
|iattiolot.ric  circumstances:  in  the  niu.-eles  durinir  infections  and 
septic  prfteesses  and  following  trauniati.-m  ;  in  intoxications,  as  by 
lead  ;  in  interstitial  hcniorrliages  and  heniatonia  ;  in  struma ;  in 
cicatrices  ;  in  the  bloixl-vessels  in  old  age,  arteriosclerosis,  or  aneu- 
rysm ;  in  all  forms  of  arteritis,  csjwcially  of  the  nervous  system  ; 
in  the  en<l<K'anlium  an<l  cardiac  valves  in  all  diseases  afl'ccting 
them  ;  in  the  gnmuloiuata  ;  in  neoplusuis,  especially  cylindifimata 
and  keloids;  in  the  lung>  in  pueuriiouin  ;  in  llie  kidneys  in  nephri- 
tis; and  in  all  conditions  of  cuaguhition-ui'crosis  and  fibrinous 
exudation,  for  in  these  processes  hyaline  degeneration  seems  to  be 
a.  factor. 

Pathologic  Anatomy. — Hyaline  cluinge  is  not  usually  mas- 
sive enough  lo  Im'  niacroM'opicallv  a]v]»recial>le.  When  so,  the  organ 
or  tissue  is  eiilarge<l.  dense,  and  presents  a  i>ale.  homogeneous, 
opaque  apjK'arance.  Uixni  the  Jiuicous  and  serous  mcnd)i"anes  small 
collections  may  he  readily  seen,  and  may  present  either  a  jiseudo- 
mcmbranous  app'aranre  or  may  a]i)K'ar  as  ojiaque  plates  upon  or 
beneath  the  siirtiiee.  Microscopically  tliere  are  three  cliiel'  sites: 
(a)  In  the  Idond-vessels,  where  the  degeneration  may  ai)itear 
in  the  endothelium,  Iteiieath  it,  iM'tween  the  i'oats  and  tibcrs  of 
the  ves.sel,  or  surrounding  the  vessel.  The  wall  i.~  thickened,  the 
lumen  is  narrowed  <»r  obliterated  ;  the  endothelium  may  be  in  a 
state  of  proliferation.  Perivas<.'idar  hyaline  change  is  well  seen  in 
certain  tumors — cylindmuiata  (Fig.  lo).  (//)  In  the  interstitial 
tissues,  as  between  the  muscle-fibers,  (he  hepatic  i-ells,  the  renal 
tubules,  in  the  retictduui  of  lymi>li-ghn)ds,  in  the  retina,  and  in 
neoplasms  and  cicatrices.  It  may  be  uniform  in  distribution,  but 
is  more  often  irregularly  clumpetl  or  may  be  in  concentric  whorls. 
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In  tulxTciiIons  foci  the  reticular  fibrillie  bect)nie  swollen  iiiul  gelat- 
inous in  appearance.     Tliey  may  swell  to  sueh  a  defjree  that  the 
whole  focus  lias  a  uniformly  waxy  apjvearance,  tlie  cells  enclosed  in 

I  the  meshes  meantime  underpoinj;  eonijilete  necrosis.  In  .sclerosis, 
fts  in  the  liver,  the  newly-formed  eoimective  tissue  may  a.-i.siime 
a  hyaline  character,  the  fibers  beint;  so  closely  patrked  tOf^etlier 
and  transformed  that  the  mass  has  u  homogeneous  appearauee. 
■{e)  Within  the  cells.  This  condition  is  probably  limited  to  meso- 
demiic  cells.  It  may  be  seen  in  nuis<'le-  and  giant-eetls,  and  in 
emlotheliuni,  leukocytes,  or  wandering  cells  to  a  less  degree. 
Whether  the  epithelial  cells  take  jKirt  in  this  transformation  in  the 
coagulatiun-necrosis  of  nnicous  mcmbnines  and  in  the  produi-tion 
of  casts  in  nephritis  has  not  been  decideil.  It  has  not  been  pos- 
Lftible  in  tlie  intcrcelluliir  or  interstitial  varieties  to  decide  wiiethcr 
be  substance  was  fi>rme<l  there  or  depisited  tlicrr  ;  in  the  vascular 
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C^-Cyllndroma,  thowmi^  u  irijiiii'T  "i  bloodTeMclsi  wIumv  wiiUs  hare  become 
convertiM]  Intn  hyaline  material. 

form,  and  especially  in  coagulation-necrosis  and  tibriiious  exuda- 
tions, it  is  more  priib;i!)le  ihat  it  is  formed  hi  fom. 

"  Hyaline-thrombi  "  cannot  l)c  distiuguisbed   in   their  apjiear- 
ace   from  hyaline  masses  elsewhere.     \\  lietbcr  i»r   not  they  are 
Examples  of  true  hyaline  material  is  uncertain. 

J{usm:IPs  Fucligiu  Jitxlies. — These  are  rounil  bixlics,  of  variable 

e,  sitnat€<l  within  or  between   the  cells  of  epithelial   tumurs  or 

normal  tissues.     They  resemble  hyaline  material  in  apjjear- 
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ancc  and  stnining  reactions,  especially  in  their  affinity  toward  acid- 
luchsiii. 

Unstain«l,  the  substance  has  a  glistcnitiir,  waxy  appearance; 
it  is  less,  translucent  thau  amyloid.  Typically  it  evinces  an  affin- 
ity for  the  acid  anilin-.stainH.  Stained  with  van  Gieson's  mixture 
of  j»icric  acid  ami  acid  t'lichsiii,  the  hyaline  substance  takes  on  a 
brilliant  red  color.  It  may  or  may  not  take  the  fibrin-stains  ;  it 
often  takes  basic  stains  in  a  modified  manner.  In  truth,  the 
reactions  of  hyaline  material  are  very  uncertain  and  shiftiu)^ :  in 
many  instances  it  can  scarcely  be  distinfjuishetl  from  amyloid,  and 
the  change  is  then  called  hyalo-amyloid  ;  in  other  instances  the 
product  closely  resembles  mucin  and  the  colloid  substance.  The 
cells  of  aHectcd  parts  often  show  fatty  degeneration  or  other  alter- 
ations. 

Seats. — The  locations  most  often  ailectcd  are  the  muscles,  espe- 
ciallv  the  recti,  the  mucous  membranes,  the  liver,  kidneys,  o vanes, 
and  adrenal  bodies,  the  cardiovascular  system,  the  nervous  system, 
the  serous  metubmnes,  ami  the  retina  and  choroid  coats  of  the 
eve.  The  other  locations  are  siijrgested  in  the  iliscussion  of  the 
etiiilngy. 

Fatliologfic  Physiology. — Yon  Keekliughauseu  believed  it  to 
be  a  coajfulation  of  normal  prnteid  upon  the  death  of  the  cells; 
this  explanation  is,  however,  insullieient.  It  appears  more  likely 
either  that  it  cnnsists  of  pn>ti'id  modified  (';)  /oco  by  disturbed 
action  of  cells,  or  that  it  is  a  disposition  by  cellular  carriers  of 
insoluble  material  furmol  elsewhere.  The  exact  nature  of  the 
tran.sformation  is  entirely  (tbscure  ;  it  cannot  be  held  analogous 
to  i[w  coagulation  of  prf)tcids  by  heat;  nor  to  the  precipitation  by 
metals  or  salts,  since  iu  these  events  the  jvrotcids  iirc  not  usually 
rendererl  pcrmnncntly  insoluble  in  Mater  and  arc  in  (tther  ways 
clearly  diti'ereut.  Hyaline  materia]  can  undoubtedly  be  recon- 
verted, absorbed,  ;ind  removed.  Its  presence  nirely  compromises 
tiie  jKirencIiymatous  structures  to  an  extreme  degree.  It  may  be 
converted  into  the  other  albimiinoid  degencnitions,  and  may  un- 
dergo caseation  and  also  calcareous  infiltration. 


MUCOID   DEGENERATION. 

Definition. — Theoretically  this  is  the  oonversiou  of  cellular 
protitplasm  into  mucin.  Mucin  is  a  glycojtroteid,  which  contains 
no  phosphorus,  and  which  by  virtue  of  its  carbohydrate  moiety 
reduces  cupric  sulphate  in  alkaline  solution.  It  is  quite  insoluble 
in  water,  but  has  itself  a  marked  capacity  for  taking  up  water.  It 
18  very  soluble  in  alkaline  solutions,  but  is  precipitated  by  siitura- 
tion  with  most  neutral  salts.  It  is  precipitated  by  acetic  aeid  from 
solutions  poor  in  salts;  also  by  heat,  alcohol,  and  many  of  the 
metals.     1 1  does  not  dialyze.     The  secretions  from  difl'erent  classes 
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For  epithelium  diftVr  notably  among  themselves,  and  the  patiiologie 

I  mucins  differ  still  more. 

Etiology. — Mucoid   transformation   should  be  distinguished 
om  hyperseeretion  of  niueiu.     Hyperseert'tion  is  a  common  re- 

Feult  of  inflammation  or  irritation  of  all  sorts;  it  is  seen  in  tin? 
pulmonary,  gastro-intestiual  aud  urinary  mucous  mcnibraiH's,  in 
the  glands  of  Cow'iX'r,  the  gall-iihuMer,  the  salivary  glands,  in  the 
antrum  of  Highmore,  in  the  hu'hrynial  ghinds,  and  in  the  teslieles. 
The  produet  of  the  epithelium  of  the  urinary  tract  and  gtdl-hlad- 
der,  usually  callwl  mucin,  is  moif  often  nueleo-alhumiu.  Mucoid 
d^onepation  in  the  strict  sense  occurs  most  frcfpiently  in  lucso- 
blaatic  tissues,  the  ahnormal  suhstaucc  lying  l)ct\veeu  the  cells. 
It  is  in  some  way  conneeteil  with  inHamniatory  ]n'ocesses,  as,  ajmrt 
from  its  occurrence  in  tumors,  it  is  fouuti  only  in  tissues  the  seat  of 
inflammation.     Any  of  the  connective  tissues  of  the  body  may  he 

■  affected.  A\'idespread  myxomatous  degenemtion  of  the  Bulicuta- 
neous  tissues  may  be  seen  in  myxedema.  In  some  ea.ses  of  myx- 
edema, solero<lerma,  aud  the  other  jiachyderniic  affections,  mucin 
has  been  extracted  from  tlie  skin  ;  other  attempts  in  similar  eases 
have  failwl.  Neoj>iasms  comprise  the  third  group  of  nuicoid  plic- 
Domeua.  The  transtbrnuitioii  occurs  in  sarcomata,  carcinoniata,  fibro- 
mata, lipomata,  chondromata,  and  especially  in  the  myxomata,  in 
which  nuicin  is  the  essential  clement,  while  in  the  other  growths 
it  is  an  accidental  and  occasional  tniusforuiatinn.  In  the  e|)itlielial 
tumors  the  epithelial  cells  themselves  iiuty  he  aff<'cted. 

Pathologic  Anatomy. — The  gross  aj)pearances  may  consist 
in  nothing  but  the  appeariince  of  the  iiuiciu.  Upon  eatarrlial 
mucous  membranes  is  a  coat  of  thick,  tenacious  mucus,  with  or 
without  congestion  or  other  changes.  In  localities  wlica'  the 
Lmuein  becomes  pent  u(>  it  swells  markedly,  dilates  the  chambers, 
Lflattens  tlie  epitheliiim  (which  may  then  atmiihy),  aud  later 
Dmes  converted  into  a  simple  albtuuiuous  fluid.  Such  a  pi-o- 
is  seen  iu  the  antrum  of  Hightuorc,  in  Cowper's  glands,  in 
|the  salivarj-  glands,  in  the  gall-bladder,  in  the  vermiform  a[)pen- 
dix,  etc.;  in  these  cases  the  appeaninces  are  those  of  a  cyst.  In 
mucoid  degenerations  in  the  coiuiective  tissues  the  ajipcaninces  are 
.often  not  characteristic  of  mucin  ;  the  tissues  are  soft  and  elastic 
[and  tear  easily.     In  tiunors,  cysts  are  usually  formed  along  with 

fpneral  mucoid  infiltration.  In  cystic  ovarian  neoplasms  the  pn> 
uction  is  ofieu  massive,  and  the  substance  is  often  peculiar  in 
[refusing  precipitation  by  acetic  acid,  and  lias  therefore  been  termed 
Ipseudomucin.  In  myxomata  the  substance  is  usually  much  more 
(dense. 

Mirrottcopin  Appenrawex. — In  catarrhal  mucous  niciiihnines 
lie  gohlet-celis  are  seen  in  excessive  ipiautity.  Only  iu  extreme 
jstances  is  the  process  accompanietl  by  the  death  of  the  cell.  The 
pUs  are  much  swollen,  and  tlie  tlistal  cud  is  especially  bulged  out 
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I'"i»..  lo.— MyxomittuUit  (li:^i*iitrriilii)Q 
of  a  Hart-oma,  fttittwin^r  sitfllitte  ih*1U 
sc'paratvd  by  mucoid  liitercuUuliir  ma- 
terial (Kari;  and  Schmorl). 


witli  its  drop  of  niiR-in.     Tlicre  is  usually  a  siibniiiooiis  inflam- 
matory reaction,  and  pus-culls  containiiif;  iniu-uid  inatt.rial  may  be 

seen.      In  the  (Minni'L'tive  tissui's  it 

C'r''^-<^^*^^=^^^«^^^B  18  seen  that  the  nuiciii  lies  Initwceu 
fl^^^^^H  the  cells  and  that  tlx'  ground-siib- 
^^^^^H  staiK'f  lias  disu|>|K'ar<.'il — i.  r.,  been 
couviTtfil  into  iiinciis  (Fig.  16). 
Till"  fells  very  nireiy  present  mucous 
change,  but  an.'  often  degenerated 
in  other  ways.  In  tumors  the 
change  may  occur  in  and  between 
the  cells  and  in  the  form  of  cysts, 
whose  walls  mav  or  may  not  pre- 
sent a  cellular  lining.  The  blootl- 
vessels  are  rarely  attected.  In  all 
situations  mast-cells  may  bo  seen, 
otk'H  abundantly. 

Mucin  is  best  fixed  with  cor- 
rosive sublimate.  As  a  rule,  it 
elects  basic  stains.  It  stains  nuly  moderatfly  with  hematoxylin, 
but  very  well  with  nietliy lone-blue  and  indeed  with  most  of  the 
basic  anilin-stuins.  Thionin  and  toluidiii-blue  are  the  best  stains, 
giving  it  a  purple-red  color.  These  staining  R'aefinns  are  not 
entirely  distinctive,  and  it  is  often  im|iossible  to  (lit!erentiate 
nnicoid  from  eolKvid  material,  and  even  from  hyaline  and  amyloid 
material. 

Seats. — Of  normal  epithelial  tissues  the  mucosa  uf  the  respi- 
rator}- and  gastro-iiitcstinal  tracts,  tlie  salivary  glands,  aa<l  the 
uterus  are  most  often  affected  ;  any  epithelium  may,  however,  be 
involved.  The  connective  tissut.'s  have  been  sufticiently  consid- 
ered. Of  neoplasms,  ovarian  cysts,  altdonn'nal  earcinomata,  and 
me.soblastic  tumors  anywhere  are  most   liable. 

Pathologic  Physiology. — .Sin<-e  the  deposition  of  mucin 
seems  to  be  exeludtMl,  the  only  explanation  is  to  as.surae  the  con- 
version of  other  prot^ids  into  mucin.  The  causes  and  modntt 
operandi  are  not  clear ;  the  fact,  however,  that  in  the  cysts  the 
mucin  may  be  reduced  to  simple  albumin,  shows  the  possibility 
of  sucli  transformations. 

Unless  the  disease  is  very  prolonged,  affected  mucous  mem- 
branes may  recover.  The  connective-tissue  forms  do  not  of  them- 
selves threaten  the  life  of  the  tissue ;  and  the  deposit  is  oflen 
removed  by  reabsfirpticm.  In  neoplasms  the  degeneration  seems 
an  evidence  of  cell-death. 
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COLLOID  DEOENERAXrON. 

Definition. — Tliis  furLsists  iu  tlu"  almonnal  npponrance  of  a 
substance  wlio-*^'  prototyjie  is  the  fulloiil  matcriii!  of  tlip  tlivi-oid 
plaml.  It  is  not  prci-ipitatri!  hy  acctii'  aritl  iwv  alcnliol,  diu's  not 
take  up  water  avidly,  and  irt  tlKTcfore  nuirh  like  tlie  pt-LHidoniiieiu 
already  noted. 

Btiology. — It  occurs  in  goiters  ami  in  thyroid  neoplasms,  in 
the  hypophysis  cerebri,  in  the  kiehieys  (jionie  eases  of  eungenital 
cvsts),  and  the  adi"eual  bodies,  in  the  prostate  and  si/minal  vesicles, 
in  the  atrophic  pvslrie  mucosa,  in  <'ysts  of  tlic  lips  and  larynx,  and 
in  the  cervix  uteri.     Colloid  transformation  in  neoplasnts  apart 


Fig.  17. — CoUold  i1eK*-'i)t!rall<.in  of  the  ttiyroiil  itlHixi,  hIiowiuk  iuA}ist.'s  or  colloid  matter  in 
the  gland  ocint  (Karg  imd  i^cbmorl). 

from  those  of  the  thyroid  body  is  very  rare.  Colloid  may  arise 
from  or  become  converted  into  mucoid  material,  and  .stands  very 
close  tt)  the  hyaline  substance. 

Pathologic  Anatomy. — Afr(Tte<l  organs  may  be  enlarged, and 
may  be  bard  or  ijuite  .soi't.  On  section  the  colloid  areas  appear  as 
vellowish-brown  translucent  bodies  ;  nirely  they  are  arranged  in 
large  clump.s.  They  may  be  maero.seopically  invisible,  or,  on  the 
contrary,  may  form  large  cystic  collections  with  thin,  flattened 
walls.  Colloid  degeneration  may  be  aeeompanied  by  sennis  trans- 
udation, due  j)robably  to  vascular  disturbances.  The  mtous  tr.in.s- 
iidation  seems  to  dissolve  the  colloid  material,  so  that  finally  the 
cysts  form  compartments  filled  with  a  eliocolate-colorcd  lliiid  con- 
taining pus,  bliKKl,  and  crystals  of  cholestcrin,  sotlium  chlorid, 
and  calcium  o.xalate  (Fig.  17). 

MicroHcopically  the  material  is  found  in  tiie  glandular  acini,  in 
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the  cells,  and  in  the  connective  tissues.  There  are  often  signs  of 
pressure,  ami,  probably  from  the  same  cause,  the  areas  are  ane- 
mic ami  )ia%'o  a  {wor  vascular  supply.  The  arrangement  is 
usually  in  balls  or  wliorls,  liomogeneous  as  a  rule,  but  often  with 
concentric  or  radiatiiifij  lines.  The  areas  often  intercommunicate, 
ant!  extensions  may  be  traced  int<i  the  ailjacent  tissues.  The  cells 
usually  show  rlegenerative  changes,  and  inflammatory  reactions 
are  fifteu  ]>resent.  Crystals  of  calcium  oxalate  arc  common.  Acid 
stains  are  usually  elected,  as  iu  hyaline  rlegcncration.  The  indefi- 
niteness  of  the  reactions  may  make  it  imiKtssiblc  tu  exclude  hya- 
line and  mucoid  diangcs.  , 

Pathologic  Physiology. — Tliis  is  obscure,  but  seems  fo  be 
analogous  t<i  that  of  mucoid  change.  The  substance  is  imdouht- 
edly  ]iroduced  /;)   Ujco. 

f 'olkml  is  a  grave  degeneration,  usually  connected  with  marked 
cellular  disturbances.  The  substance  may  become  hyaline  or  mu- 
coid, or  may  Ijc  replace<l  by  a  simple  or  purulent  exudation. 


I 


QLYCOQENIC   INFILTRATION. 

Definition. — This  condition  cnusists  in  the  jiresence  of  gly- 
cogen iu  cells  which  normally  contain  none,  or  the  presence  of  an 
excess  in  cells  which  normally  coutiiiu  it,  as  in  the  liver,  cartilage, 
muscles,  leukocytes,  iu  the  embrj-o  in  all  tissues,  and  in  the  uterus. 
The  attempt  has  been  made  to  separate  glycogenic  infiltration 
from  a  glycogenic  degeneration,  but  flic  conversion  of  jirotoplasniic 
proteid  intti  ^lyc(i;icu  has  never  b<'en  dctnoustnited. 

etiology. — The  condition  is  nut  iufreijuent.  It  is  seen  in  the 
tissues  iu  iliabetes,  especially  in  the  kidneys,  muscles,  liver,  and 
circidating  leukocytes.  It  occurs  in  neoplasms,  especially  in 
malignant  growtlis  of  tuesoblastic  origin,  being  rare  in  most  carci- 
nnmata.  Iu  leukocytosis  of  diflereut  varieties  tlie  cells  may  con- 
tain gramdt.'S  of  glycogen  t)r  a  substance  resembling  glycogvu,  and 
similar  granules  may  float  free  iu  the  ]>lasma  ^see  IiHlopiiilia). 
In  purulent  collections  and  in  inflammatory  areas  the  cells  may  be 
markedly  infiltrated.  The  infectious  granulomata,  however,  seem 
exempt.  The  amylaceous  bodies  of  the  prostate  are  closely  allied 
to  glycogen. 

P'athologic  Anatomy. — Tissues  rich  in  glycogen  may  pre- 
sent a  hyaline  appeanuiee  ;  usually  tlien-  are  no  macroscopic  alter- 
ations. Microscopically  the  material  is  gcnendly  found  within 
the  cells;  it  nuiv,  however,  be  in  the  intercellular  substance,  and 
may  be  free  in  tlie  plasma  of  blood  or  the  fluid  of  exudates.  It 
is  commonly  dejiosited  as  round  balls,  which  may  be  concentri- 
cally striated.  In  fresh  tissues  it  is  soluble  in  water,  but  loses  its 
etdubility  after  fixation  by  alcohol,  etc. 

Glycogen  is  stained  brown   by  iodin,  but  the  brown  is  not 
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liimc<l  blue  on  the  application  of  siiljjiiuric  acid.     Ptyulin  or  am yl- 
opsin  converts  it  into  siipir,  witli  the  loss  of  the  color-reaction. 

The  pathologic  physiology  is  oliscnre.  In  diabetes  it  is 
If  imply  an  expression  oftiie  general  bjitcrfilyceniia.  In  neoplasms 
laud  suppurations  the  collections  are  probably  depositions. 

DROPSICAL  INFILTRATION. 

By  dropsical  infiltration  is  meant  nli'tntt  of  the  c^Us,  the  pres- 
ence in  cells  of  an  excess  of  plasma.     This  dfics  not  always  occur 


Fig.  18.— DtopKlcitl  liiHItratlon  of  Dk-  cinthclUI  cells  of  a  carcinoma  of  the  breut:  a, 
[•TdlnarT  cplthvlUl  celU;  ^,  dropslcsl  r«llii;  r,  droiwlca]  ducIpI;  d,  enUrged  nucleoli 
llZiegler). 

in  general  dropsy,  the  fluid  being  between  the  cells  and  often 
L compressing  them  to  a  niarlicil  dcgr(!e,  Iii  other  instances  the 
[cells  take  up  the  fluid.  In  burns  and  pemphigus  and  in  other 
[skin-lesions  connected  witli  vcsiciilatioti,  and  in  various  inflamnui- 
itions  of  organ.s,  edema  of  tlie  cells  occurs.  It  is  also  a  part  of  the 
Idegpneration  termed  cloudy  swelling. 

The  cells  are  enlarged,  fiften  to  an  extreme  degree,  and  they 
'mav  even  burst.     Tiie  jtrotojilasm  sooner  nr  later  becomes  cloudy 
and  fiften  presents  degenerative  eliaiiges — fatty  inetamor|)hosis  in 
particular.     Vacnolatioii   is  frcr|ueiitiy  nb.served  ( I'^ig.  IH). 

The  conditiiin  is  probably  a  purely  [jliysieal  phenomenon  in  the 
I  dropsies.     In  the  cutaueoiis  lesions  other  factors  are  operative. 

CALCIFICATION. 

Definition. — Calcification  eun.sist.-  in  the  abnormal  deposition 
'in  tissues  of  earthy  salts.  The  phosphates  and  carbonates  of  cal- 
cium are  the  chief  salts  concerned,  the  oxalates,  however,  are  often 
pre.<«?nt ;  and  the  corresponding  magnesium  salts  may  be  mixed 
with  them.  The  l>est  physiologic  examples  are  the  senile  change 
in  the  vast^ular  apparatus  and  the  formation  of  the  brain-sand 


TEXT-BOOK 


'ATHOLOO) 


(acorvuliis  cerebri).  Calcificatinii  of  the  skeltHal  tissues  is  usually 
accoinplislied  as  a  physiologic  proeess  through  the  activities  of 
special  cells ;    this  is  an  essential  element  in  ossiiication. 

Etiology. — The  deposition  geuer.illy  <N'c'iirs  in  diseased  tis- 
sues, es])eei:illy  in  those  the  seat  of  vasenhir  ilisordcrs.  Lot^l 
necrosis  or  Khrnsis  aiitcdiitos  inten-cllidar  ealeifieation,  and  the 
process  may  l>e  accomjiauied  hy  atrophy  and  ahsor])tion  of  certain 
cellular  eleiuenis.  In  neoplasms  al)ni>rmal  cellidar  conditions 
certainly  predispose ;  Init  here,  too,  the  vascular  relations  are  of 
notable  iin])ortnnce.  Hyaline  and  tatty  d<'geiier.ititiiis  often  pre- 
cede or  aceouipany  caleilieatiou. 

In  rare  instances  no  local  predispositions  can  be  determined. 
Cases  of  this  kind  occur  in  old  age,  ami  in  these  cases  it  is  inferred 
that,  owing  tu  increasiHl  litue-resi»r|)tion  from  the  skeleton,  the 
system  is  satnmteil  to  the  ]w>int  of  pn'ei|)i(atiot)  (metastatic  calci- 
fication). Similar  supersatnration  of  tiio  lilootl  with  calcareous 
matter  may  occur  in  eases  of  extensive  disease  of  bones,  and  may 
Icail  to  wides|(re:td  liepnsition. 

Pathologic  Anatotny. — Early  in  the  process  no  macroscopic 
signs  are  ap|mreut.  On  microscopic  examination  the  salts  are  seen 
as  fine  rrnimiles  s<>attere(l  tliMngh  tlu-  intenn'llular  substance.  Cell- 
ular infiltration,  hi>wever,  is  not  niifommon.  and  in  sui'h  instiinces 
the  cells  sh()w  more  or  less  extensive  nuclear  and  pmtoplasmic 
dcgeneratiiMis.  By  the  coalescence  of  the  jrniuides  larger,  irregu- 
larly spherii-al  bmlies  tuay  be  formed.  These  usually  have  a  con- 
centric arrangement  (|)saniinorna  l)fHlies).  Detinitc  crystals  arc  rare, 
but  may  i»e  .seen.  The  next  adjacent  tissne  may  present  an  opaque 
apppanuice.  In  certain  localities,  especially  the  bkiod-vcssels  and 
serous  membranes,  calcareous  ])lates  are  t'ltrmed.  The  dcjK)sitions 
may  attain  a  surprising  size,  esjiecialiy  in  the  vessels  and  in  neo- 
plasms. The  I'olor  of  the  dejMjsits  is  usually  white,  grayisli,  or 
yellow  ;  accidental  pigments  may,  however,  pnMluce  discolorations. 
On  staining  the  de|M)sition  tiUvcs  tij)  both  carmine  and  hematoxy- 
lin, but  cxhiluts  no  elective  attraction  for  the  anilin  dyes.  The 
ssdts  are  dis.solved  by  a<'ids,  best  by  liydroehloric  acid  ;  in  the  case 
of  carbonates,  with  evolutinii  of  carbonic  acid  gas.  Many  oi-ganic 
and  inorganic  acids  are  em|tlovcd  in  the  <lecalcilication  of  tissues 
for  purposes  of  niicr<isco])ic  study.  Fibrosis,  cellular  necroses, 
and  tlegenenitions  can  be  dcmonstrateil  in  the  tissnes  by  suitable 
methods. 

Seats. — It  is  in  the  cardlnva.scular  system  that  the  condition  is 
of  the  most  impurtanee.  It  of^en  occurs  as  a  simple  senile  change, 
usually  connected  with  an  atrophy  of  the  ela.stic  tissnes  of  the 
vessel-walls,  hyaline  degeneration  of  the  connective  tissue,  and 
general  fibn>sis.  It  is  almost  invariably  an  nccompaninient  of 
sclerotic  endocarditis  and  arteriosclerosis.  In  the  endcx-ardium  the 
valves  are  most  frequently  attccted  ;  of  the  vessels,  the  aorta,  the 
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oronarv  arteries,  and  the  cerehnil  vessels.     Tlie  process  is,  how- 
ever, orten  universal,  and  the  splanehnio  vessels  and  nidial  arteries 
L'm  ver\-  susceptible.     It  affeets  ehiefly  tlie  intiniii  :ii>d  media.     In 
ie  pericardinm  the  tleposition  is  inieoDuiictii  witliont   the  previous 
jorrenee  of  pericarditis  ;  in  adherent  jMricardiiuii  tlie  Iicart  may 
literally  eneK>sed  in  a  ealeifieil  .sac.      in  the  myiM'urdinni  calei- 
Sciition  is  usually  interfibrillar,  hut  may  iuvtjlve  the  frlicrs.     Large 
collections  may  wein-  in  tlii'  pituitary  Iimly,  tlie  rneniiifics,  and  in 
the  ventricular  plexuses.     It  is  common  in  the  joints,  uncommctn 
in  the  pleura,  rare  in  the  iM?ritoneum.     In  the  muscles  local   for- 
mations are  not  rare,  and  nsuatly  occur  at  the  .seat  of  previous  in- 
jury or  irritation.    In  the  hm;jp  and  liver  it  is  not  niiusnal  in  and 
tiund  foci  of  necn>sis  due  to  various  causes  (tulforcidosis,  parasites, 
c).    Cicatricial  tissue  often  becomes  calcified.      In  the  walls  of 
cysts,  in  the  biliary  and   «rinar\'  bhidders,  in  tlie  limitinjj  wall  of 
»ld  absces.sesand  hematoinata,  in  thrond)oses,  and  even  in  cutaneous 
jrs  calcification  is  a  common  incident,     In  the  kidneys  infarcts 
if  these  salts  may  Ik-  formetl.     The  ncojilasnis  mo.st  subject  are 
he  avascular  tumors  :  uterine  fibromata,  fibromata  in  jreneral,  der- 
moid cysts,  goiters,  scirrhous  carciitomata,  tumors  of  the  pituitary 
lies,  and   esjK'cially  neoplasms  involving   bones   or  cartilages. 
It  niay,  however,  wctir  in  the  most  vascular  sarcomata.      The 
cial   term   psammoma   {q.  v.)    is    applied    to   certain    calcified 
•oplasnis.     Litliop<lia  are  the  calcifictl  fetuses  of  extni-iiterine 
pregnancy.     Apart  frtmi  neoplasms,  tin'  most  striking  intracellular 
It-jiositions  are  seen  in  the  gangliou-cells  in  areas  of  softening  and 
the  renal  cells  following  certain  metallic  poisoniug.s  (mercury). 
|t   is  interesting  to    note   that  the   intestinal   epithelium,  which 
jmially  secretes  the  larger  part  of  the  linie-sjdt.s  discharged  from 
[le  bmly,  is  rarely  infiltrated  by  them. 

Patllolog;ic  Physiology. — \'arious  views  are  held  to  ex- 
plain the  dejMtsitions.  An  excess  fif  the  salts  in  the  IjUkhI  or  tissue- 
pquids  nnjst  be  rare.  On  the  one  hand,  it  has  licen  assumed  that 
lie  soluble  are  converted  into  insoluble  salts,  ami,  on  the  other 
»nd,  that  the  tissues  have  become  less  solvent  for  the  salts. 
Probably  the  best  estiiblished  view  is  that  the  salts  are  precipi- 
tated as  insoluble  combinations  with  protcids. 

Calcareous    deposits    are    probably  never    removed,   but   once 

|)rmed    remain    permanently.     There   is  no  doubt  that  they  in- 
ucDce  the  adjacent  tissues,  causing  degenerations. 


■blai 
^Hie 


OSSIFICATION. 


OMifiration  implies  the  deptisition  of  lime  salts  and  other  changes 
through  the  apeney  of  osteoblastic  cells.  It  occurs  in  cartilages,  and  in 
tntnors  connected  with  the  bones,  cartilages,  and  periosteum.  Ossification 
of  the  muscles  may  occur  as  a  local  process  or  as  a  widcsprend  and  progres- 
— 've  di8««8e  (see  Myositis  Ossificans).    The  salts  are  regtilarly  deposited 
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and  are  usually  in  masses  between  the  cells.  An  accurate  differentiation 
from  calcification  can  in  some  instances  be  made  only  by  the  detection  of 
osteoblasts  after  decalcification  of  the  material. 


URATIC  INFILTRATION. 

Deposits  of  urate  of  !jndiutti  in  the  cartilages  and  fibrous  tissuei*  of  joil 
and  in  various  other  ^ituationn  occur  in  the  course  of  gout  (see  Disturbanogi 
of  Metabuysm  and  Diseases  of  Joints). 


PIOMENTATION. 

According  to  the  origin  ami  variety  of  the  pigments,  pigmenta- 
tions may  ht'  iliviLleil  iuUi  four  groups  :  1,  those  in  whicn  the  [>ig- 
nient.s  an-  iti'nved  from  external  siuirccs ;  2,  those  derived  from 
the  hemoglobin  ;  ."5,  those  derivo<l  from  the  hile  ;  4,  those  derived 
from  cellular  activity  within  the  organism. 


Pig^mentation  from  the  Exterior. 

Of  the  first  group,  thoso  caused  l»y  cnlrance  of  foreign  bodies 
throiigli  tlie  air-passages  are  tjio  most  important.  Tlic  condition 
now  generally  termcii  pneutnonokoniosiS  is  commonly  a  disease 
of occuj)atioii.  (Vial,  iron,  ami  sIdiic  are  tlie  most  frwjucnt  foreign 
substances  inhaled.  Vcgctahlc  particles,  as  grain-dust  and  tt^xtile 
fibers,  and  animal  hairs  and  i'urs  arc  not  uncunimnnly  the  cause  of 
such  pigmentations.  ( 'orrcsponding  to  the  agent,  there  are  such 
terms  as  anthmcosis  (coal-«bist  (jigMuntation),  siderosis  (iron),  cal- 
cicosis  (stone),  etc.  (Fig.  19).  Inhaled  substances  probablv  do  not 
reach  tlie  alveoli,  but  are  caught  liy  the  bronchial  cellular  cilia. 
In  part  they  are  couglicd  u\t  or  otherwise  ca.»t  oft'  with  the  bmn- 
chial  secretions ;  in  part  they  penetrate  the  bronchial  walls  or  are 
carried  by  pliag<M'yHi'  eells  into  the  submucosa  (Fig.  20).  They 
may  liecoiue  tieptisited  in  the  latter  sitnation,  or  may  be  carrie«l  in 
the  lymjihatic  circulation  to  the  peribroticliial  and  media.stinal 
glands,  the  fibrous  ti.ssuc  of  the  lung,  or  the  siibjilenral  tissues.  In 
rare  instiinces  the  pigment  finally  readies  the  general  circulation, 
following  which  it  is  de])osited  largely  in  flic  sjth'cn.  liver,  intes- 
tinal mnco.'iit,  and  kidney>.  In  thcsi'  ca.<es  tiic  mucous  membranes 
from  the  lips  downward  may  he  more  or  Ics^  ]iigmeiited. 

Pigmentation  througli  the  alimentary  tnict  is  hest  illustrate*!  by 
argyria  following  the  excessive  ingestion  of  soluble  salts  of 
silver.  The  depositions  seem  to  consist  of  a  reduced  form  of  a 
silver  albnminat*'.  In  the  skin  the  pigment  lies  <lirectly  under  the 
epithelial  layer,  between  the  cells,  and  in  the  intercellular  tissue 
and  lymph-spaces.  The  gastric  und  intestinal  walls  arc  deeply 
affected.  Tlic  liver  and  kidneys  are  usually  involve*! ;  in  the 
former  the  deposition  is  jieriportal,  in  the  latter  the  glomeruli  and 
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Hematogenous  Pigmentation. 

This  concerns  the  dopusition  of  piirincnts  derived  from  the 
liciiKjjrloltiii,  uf  vvliich  there  are  two  groiiiw,  the  siderous  and  tlie 
nun-sidoroiis.  The  chief  siderous  pignieut  is  hemosiderin,  which 
has,  however,  inaiiv  iiioditications  ;  tlio  iioii-siderous  pigments  are 
derivatives  of  lieiiiatiii — lieniatoidin,  hemofusciu,  melanin,  etc. 
In  the  eimrse  of  time  the  sidenms  pigments  may  lose  tlieir  iron. 
Pntlmbly  all  fi)niiatiini  and  further  elahnnitioii  of  these  pigments 
are  the  result  of  specific  eeUuiur  activities.  Two  groups  of  hema- 
togenous pigmentations  may  l»c  distinguished,  (1)  those  in  which 
tlic  hetnolytie  agents  act  in  the  cin-ulating  hlood  or  the  associated 
orgjins,  and  (2)  those  in  whieh  the  reductions  (H'cur  in  local  tissues. 

(1)  To  the  first  group  t)elong  the  genemi  hemolyses.  In  [>er- 
nicious  anemia  and  leukemia,  in  malaria,  in  severe  cachexias,  in 
*)C(asiona!  inteetiuus  and  septic  processes,  in  jxiisonings  (as  by  pyro- 
gallic  acid,  chlorates,  arseniuretted  hydrogen,  by  some  raollusks, 
by  |)yri<lii)  and  toluylendiamiu,  etc.),  the  honuiglobin  is  .set  free  in 
the  circulation.  It  is  |iromptly  excreted  by  the  kidneys,  and  to  a 
limited  extent  by  the  intestines  ;  much  is  converted  into  bile  in 
the  liver,  soitu'  little  ])assing  into  the  bile  uneliauged.  A  certain 
amount  is  reduced  by  the  tissues  {apparently  by  the  liver)  to  the 
two  before-mentioned  series  of  pignu'nts,  which  are  then  carrieil  in 
the  lympliatic  and  vascular  circulation  and  by  nu-ans  of  cellular 
{•arriers  and  dejiosited  in  vtirious  places.  .\s  time  passes,  these 
pigments  seem  to  become  reduced,  the  iron  being  excreted  by  the 
intestine  and  the  remainder  by  the  kidneys  as  urobilin.  In  the 
liver  the  depositions  arc  largely  in  the  periphcrj'  of  the  lobule  ;  in 
the  .spleen,  in  the  regions  of  the  follicles ;  in  the  kidney  the  most 
marked  collections  are  in  and  about  the  glomeruli  and  the  tubules. 
In  all  tissues  the  depositions  are  both  intercellular  and  intracellular; 
the  cells  may  either  take  up  pigment  or  have  it  deposited  in  them. 

Hemochromatngis. — Von  Recklinghausen  first  descriV)ed  under 
this  name  a  condition  in  which  iron-containing  pigment  in  de- 
posited in  the  epithelia  of  the  alHlominal  glands,  especially  the 
liver  and  pancreas,  and  iron-free  pigment  in  the  smooth-mnscle- 
fibers  of  the  intestines,  and  the  walls  of  blixxl- vessels  and  lymph- 
vessels,  as  well  as  in  connective  tissues.  He  found  cirrhosis  of 
the  affected  organs  associated  with  the  pigmentation.  Later  a 
form  of  wide-spread  pigmentation  of  the  same  character  and  in- 
volving the  structures  name<I,  as  well  as  other  organs,  and  notably 
the  skin,  and  attended  with  glycosuria,  was  described  by  French 
writers  under  the  name  of  diahfile  hrnnzi.  In  this  condition  there 
is  pronounced  cirrhosis  of  the  liver  and  pancreas,  and  the  dialwtic 
association  is  attributed  to  the  involvement  of  the  latter  organ. 
Cases  without  pancreatic  cirrhosis  of  a  certain  grade  or  kind  are 
imattended  with  dial)€tes. 

Alcoholism,  cachexia,  and  suppositious  toxemias  of  other  sorts 
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have  been  regarded  as  of  etiologic  importance.  The  pigment  is 
certainly  of  hematogenous  origin.  The  <lep«isits  in  tlie  colls  cau.se 
degeneration  and  death  of  the  latter,  and  consequential  cirrhosirt. 

The  appearance  of  organs  with    marked    liematogenous   pig- 
mentation varies  witli  the  variety  and  stage.     A  rn^ty-red  color 


^ 


^?#' 
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.  St.— Phagocytic  ceUs  of  the  iipiidini  nr>nlaiiiiiiK  hloodnigment,  from  a  caae  of  cardUc 
congrstinn  of  tlic  lungs  (Jakob). 

18  the  usual  early  ap|M>anince  ;  later  a  I>rown,  then  a  grocnisli,  color 

may  l>e  pnKliieed,  antl  (innllv  a  ilarU  Macki>ih-l>ro\vu.  Tlie  !i?socia- 

tion  of  jaundice,  which  is  common,  alters  appcaninces  very  much. 

(2  \  Till'  two  chief  causes  of  /nni/  jiif/minltttion  arc  thrombosi.s  and 


P 


Fio.  22.— HcmatnltllncryntaN  from  an  oM  hemorrhagic  fociu  (Jakob). 

interstitial  hemorrhage  and  coagulation.  The  pigmentations  seen 
in  the  indurations  resulting  ironi  prolonged  venous  stagiiatinus  and 
congestions  are  probably  of  analogous  origin.  Uiulcr  these  cir- 
cumstances the  hemoglobin  is  tlirt'usi'd  frt«n  the  blood-ttclLs,  and  a 
portion  jKus-ses  directly  into  the  plasmatic  circulation  and  is  carried 
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away  t<i  he  oliminatwl ;  soon,  howevor,  tlic  area  l)t'Oomos  wallf 
off  anil  tlie  two  sets  of  pifrment.s  arc  tlicn  fontHMl  within.  Tlje 
sidennis  pigments  arc  most  froqtii'ntly  .seen  in  sniati  lesions  and  at 
the  periphery  of  Vat^v  et-i-hyniosfs  ;  tlie  hiunutoidin  series  is  most 
prevalent  within  the  cystic  contents.  The  pigments  t-limige  in 
color  (tlie  eolor-ehanges  in  a  hruise  are  due  to  tliis),  and  finally 
become  a  hrownish  amorphous  matter,  wliieli  in  turn  disapjicars. 
Phagocytic,  cells  take  up  all  forms  of  the  pigments  (Fig.  21),  and 
cany  them  to  various  parts  of  the  hotly,  especially  to  the  liver, 
hcmatoptnetic  organs,  intestines,  and  glands;  the  deiiositions  in 
them  are  known  as  pif/mnit-iiiddniancji. 

The  <ltHtiurtive  reaetitins  of  the  various  pigments  are  not  well 
known.  Of  lieiniitin  :niil  hcmin  it  is  known  that  they  are  insolu- 
Me  in  water,  alcohnl,  and  ether;  slightly  soluble  in  weak  acetio 
and  ininend  acids;  easily  soluble  in  chhiroforni  and  in  weak  alka- 
lies, from  which  solution  they  are  precipitatctl  uu  the  addition  of 
lime-  or  haryta-watcr.  Hcmatoidiu  iliU'ers  fntru  these  in  being 
somewhat  soluble  in  ether,  but  insoluble  in  weak  acetic  acid,  ana 
gfives  with  strong  nitric  acid  the  sjRM'tral  play  of  t'olors.  AjMirt 
from  the  iron  reactions  little  is  known  of  heniosiilerin.  The  iron 
is  best  ilemoiistratcil  by  its  conversion  into  the  sulphid  by  means 
of  ammonium  sulphid,  or  liy  the  Prussian-blue  reaction  with  weak 
hvdrochloric  acid  and  jMhtassiiim  fernK*yani<l. 

MiiToiico]>icii/itf  hcuiatogcnuus  pigment  presents  three  cliief 
appearances:  small  needles,  rhombic  crystals,  and  amorphous 
masses  or  fine  balls  clumped  together  (Fig,  22).  The  first  two 
forms  are  vers'  rarely  seen  within  cells,  the  last  form  conimi>nly. 
The  colors  vary  from  a  pink-retl  to  a  deep  rubin,  from  pale  yellow- 
green  to  a  deep  bntwn  or  absol  ute  black. 

Hepatogenous  Pigmentation. 

Pigmentations  derived  from  the  bile  are  due  to  bilirubin  (iso- 
meric with  hemat/vidin)  and  its  oxidation-product,  biliverdin.  As 
will  lie  elsewhere  explained  in  detail,  all  jaundice  is  now  held  to 
he  of  hepatic  origin  ;  so  far  as  known,  only  the  beiKitic  and  renal 
cells  can  ])roduce  bilirubin  from  hematin. 

The  deposition  of  these  pigments  may  be  either  in  solution  in 
tlie  tissues,  in  granular  precipitjitions,  or  in  cr^'stals  (needles  and 
rhombic  plates).  The  ccreliral  substanc*'  alone  seems  never,  ex- 
ce]>t  in  the  new-ltoru.  to  be  ]>igmente(!.  The  liver,  skin,  mucous 
mcmlnnincs,  the  cndartcrium  and  other  serous  membranes,  and  the 
glandular  anil  latty  tissues  are  csjM'cially  susceptible.  The  color 
is  first  yellow  and  gradually  deepens  to  a  dccj>  olive,  the  urine 
presenting  similar  transitions.  The  lachrymal  and  salivary  glands, 
the  mamma',  and  the  intestinal  mucosii  seem  to  be  able  to  keep  the 
pigment  from  pas.sing  put  with  their  secretions.  The  ocular  tluids 
arc  colored. 
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The  pigment  in  sfdiition  saturates  the  tissues.  The  pranuhir 
pigruents,  volliiw,  lirown,  or  greenish  in  color,  niav  he  seen  in  tlie 
cells  or  in  the  interstitial  tissues ;  the  en  stals,  yellow  or  red  in 
folor,  are  usually  extraeellular.  The  ])i;rini'nt  displays  the  s|»ee- 
tpal  play  of  eolors  on  contact  with  strong  nitric  acid, aud  is  turned 
green  by  weak  tincture  of  iudin. 

A  special  form  of  dejKisition  is  the  liiliriibin-infarct  in  the  uri- 
nary tubules.  These  arc  seen  in  severe  jaundice  of  the  new-hom, 
but  may  occur  in  deep  icterus  of  adults,  as  in  acute  yellow  atrophy. 

Metabolic   Pij^mentiition. 

Tlie  pigmentation  <lerived  from  cellular  activity  may  be  prop- 
erly termetl  metabolic.  W'e  know  isolated  facts  alinut  the  dilfer- 
fnt  fonns,  but  there  is  little  systematic  I'undamental  kn<iwlcdge. 
Two  facts,  however,  seem  clear  :  that  these  pigments  are  formed 
by  migratory  and  resident  pigment-building  cells,  which  with 
leukfioytcs  and  plasma-cells  acconiplish  the  tmns|)()rt;Uion  and 
deposition  of  the  pigments;  jinil  thnt  licniogltihin  is  in  some  way 
or  other  the  raw  materi;d  for  tlirir  niauittiichin-,  witli,  perhiifis, 
the  exeejition  of  some  pigments  in  melauosiircomu,  which  seem 
derived  from  proteids. 

The  manifestations  may  he  local  or  genend.  Among  th(>  former 
are  the  pigmentations  of  nevi  and  umles,  of  prcgiiiincy,  of  the 
corjMis  luteum,  freckles,  some  sears,  certain  sUin-diseascs,  as  chlo- 
asma and  xanthelasma,  of  the  lesions  secoinlary  to  some  cutaneous 
parasites,  etc.  A  special  local  type  is  that  seen  in  tumors,  notably 
in  melanosircomata.  Lipomata  and  sarcomata  (chlonunata)  may 
he  analogously  affected. 

Among  the  general  pigmental  ions  are  those  of  Addison's  disease, 
of  certain  severi'  anemias  and  cachexias,  of  tubercidosis  of  the 
peritoneimi,  intestines,  and  ntropiTitoMenI  glands,  of  abdominal 
neoplasms,  and  of  senility.  The  casi'S  associated  with  abdominal 
lesions  are  held  to  be  connected  with  disturbances  of  the  adrenal 
l»odies  or  of  the  splanchnic  sympathetic  system,  which  has  been 
considered  to  have  control  ai'  pigment-formations. 

The  metabolic  pigments  are  v<'ry  varied,  and  a  detailed  discus- 
sion of  them  here  would  be  un|>rofitnble.  Tiicy  may  have  a  high 
piTcentage  of  sulphur,  and  may  or  may  not  contain  iron.  Tliey 
are  commonly  ileposited  in  and  between  the  cells  as  granules,  but 
may  be  crystalline.  They  do  not  give  a  play  of  c(dors  with  nitric 
jicid,  and  have  varying  solubility. 


NECROSIS. 

Definition. — Necrosis  may  Iw  defined  as  the  death  of  tis.sue8. 
The  deutli  of  individual  cells  is  termed  iuxroltioxi:< ;  ilcatli  of  tissue 
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e»i  manae,  usually  accompanied  hy  putrefactive  changes,  constitutes 

(/an</n)ii', 

Etiology. — All  classes  of  cellular  death  may  l)i'  bmught  un- 
der four  ctiolofrif  groups:  1,  those  thu'  to  uutritional  suid  circula- 
tory ilisturbanees  ;  2,  tfio.se  due  to  tropliii'  disturl«uices ;  3,  tliose 
due  to  ptiirsous — animul,  vegetable,  bacterial,  ami  inorgsinii^ ;  and, 
4,  those  due  to  traumatism,  employing  the  term  in  it.s  broadest 
sense.  It  has  been  attempted,  without  success  in  our  opinion,  to 
class  the  trojihic  necroses  as  identical  with  those  due  to  eirctdatory 
and  nutritinnal  disturbances  ;  similarly  t!ie  poisons  and  tnitimatism 
have  been  considered  as  acting  only  tliroiigli  the  cireidatorv  and 


nutritional  [«iths,  but  it  seems  evident  lluit  in  ihc  lijxlit  ufour  present 
knowledge  the  four  groups  are  to  a  greater  or  less  degree  distinct. 

The  various  causes  do  not  produce  constTnt  types  of  necrosis, 
but  occasion  one  form  in  some  cases,  another  in  other  cases.  Prom- 
inent among  these  varying  eireumstanees  are  the  native  health  of 
the  tissues  and  their  vital  resistance,  the  circulatory  relations  of  the 
part  involved,  tiic  a<'tivity  and  duration  of  the  causal  agents,  the 
age  of  the  suljjeet,  the  presence  ol'  other  diseases,  the  temperature 
of  the  tissues,  etc.  It  will  therefore  be  better  first  to  consider  col- 
lectively the  causes  of  necrosis,  and  siil)se<jucntly  detail  the  varieties 
of  it.  There  can  be  no  doubt,  howc\er,  that  iu  the  direct  forms 
of  nt'crnsis  the  results  are  to  a  marked  extent  individual  to  the 
agent  ;  f<ir  example,  cells  killed  by  the  action  of  acids,  alkalies, 
and  metallic  salts  present  a[>j)earances  quite  characteristic  of  each. 

Circulatory  Derangements. — The  circulatory  disturbances  in- 
clude niutiv  conditions.  Acute  and  chronic  ischemia,  however 
prfiduced — by  embulism,  tliroinliosis, arteriosclerosis  and  atheroma, 
bv  oxtra-arti-rial  pressure,  by  cardiac  weakness,  or  by  arterial 
spasm,  as  in  Raynaud's  disea.se  aud  perhaps  in  ergotism — are  im- 
jHirtant  conditions.  Venous  stagnations  are  responsible  for  many 
instances.  Actual  stasis  due  to  mechanical  okstructions  and  such 
poisonings  as  produce  eongnlatinus  is  a  rare  caus<'.  Heat  and 
cold  act  jKirtly  by  circulatory  disturbances.  Among  the  general 
disorders  of  circulatiiui  and  nutrition  may  be  mentioned  the 
anemias,  the  cachexias,  senility,  and  certain  metabolic  diseases, 
such  as  diabetes.  In  these  conditions  there  is  much  probability 
that  poisoning  by  mettibolic  products  plays  an  import.nnt  part. 

Trophic  Derangements. —  l''t>ruis  nt'  nci^rosis  due  t<i  trophic  dis- 
turbaui-es  arc  well  illusti-atcd  by  bedsores  (decubitus),  myelitic 
cystitis,  the  ulceratiiuis  seen  in  trigeminal  ncin'itis,  .and  the 
arthropathies.  These  forms  of  eell-<leatli  cammt  be  l)n>ni'ht  under 
the  circulatory,  toxic,  or  tr-auniatic  classification.  They  win  be 
exj)lalned  oidy  by  the  a.ssumjition  that  the  biologic  mechanism  of 
the  c<fll  is  distuHx'd,  ami  that  in  conseipieuce  death  oi'cnrs. 

Intoxications. —  I'he  grouji  ilue  to  poisons  is  very  extensive 
and  the  particular  subdivisions  numen.)ns.     The  toxins  of  bacteria 
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famish  many  examples  of  direct  ncorosis,  and  net  indirectly  in 
cases  which  seem  circulatory  or  trauniiUie,  tlioiigli  tliey  are  not 
really  so,  since  these  fat't«)rs  only  lower  tlic  resistance  of  tissues, 
which  then  V)ecome  snseeptible  to  iKnterial  inlcction.  Ex|)eri- 
mentally  the  most  exquisite  forms  of  ep!l-<legenerations  and  uecrf)sis 
can  bo  produce<l  by  the  iiijeetioti  of  tttxins  or  analo<fons  snbstances 
like  ricin  and  abrin.  The  alkaloids  jxjssess  marki'd  power  in  the 
production  of  necrosis.  Aeids,  alkalies,  luctallie  salts,  and  innumer- 
able other  chemical  substances  may  prmluee  direct  lU'crosis,  or  it)di- 
reet  necrosis  by  the  preliminary  priMliictioii  i>f' dcp'ncnitinn-j.  The 
same  substances  often  cause  botli  circulatory  and  iiicclianical  dis- 
turbances, which  ait^mcnt  tlieir  dire<-t  etleets.  Heat  and  cold  act 
like  chemicals  ;  heat  alters  tlic  jiroporties  of  ])i\)teids  ;  cold  att'ects 
the  fluids  ratlier  than  the  protoplasmic  substances;  l)oth  also 
induce  markotl  cii-culatorv  disturbances. 

Mechanical  Agents.— The  mcclianicsd  causes  of  necn)sis  are 
many  and  varied.  Pressure  ptr  m-  may  cause  the  death  of  cells, 
but  ia  often  aided  by  the  cireulatfiry  liisturbaiiccs  vvhicli  it  <M-ca- 
sions.  Tiiat  tension  <iuises  necrosis  is  an  old  surgical  trutli,  well 
illustrated  bv  the  results  of  collections  of  exudates  l)elow  the  jx-ri- 
osteuni  and  by  the  results  of  stnmgulations.  The  jvressure  of  cal- 
culi, concretions,  entendiths,  and  exostoses  may  cause  im|Hirtant 
necrotic  prfx-esses.  ("irculatory  di<tiirl)ances  often  are  a  very  ac- 
tive factor — intleed,  many  forms  of  traumatism  act  solely  through 
them. 

Inflammation,  whatever  its  original  inception,  may  become  so 
extreme  as  to  lead  to  necrosis.  Necrosis,  on  the  other  hand,  i>rten 
leads  to  inflammation,  the  dead  cells  constituting  the  primary  irri- 
tants. 

All  forms  of  nei-rosis  are  acconipaaii'd  to  a  greater  or  less 
extent  by  the  various  degenerations.  In  particular  the  <-ellnlar 
alterations  are  constantly  present,  and  constitute  the  evitlcnces  of 
morbific  action.  (Reference  will  be  made  below  to  the  cellular 
changes.) 

There  are  several  gcticral  forms  of  necrosis  which,  however 
produceil,  have  a  sufficiently  distinct  character  to  warrant  separate 
descriptions.  They  arc  coagulation-necnisis,  liijuefaction-necrosis, 
caeeatioD,  tat-necrosis,  hemolysis,  anil  gangrene. 


COAOULATION- NECROSIS. 

Definition. — This  is  defined  as  that  form  of  death  of  tissue 
in  which  tiie  proteid  suffers  a  change  similar  to  or  identical  with 
coagulation.  It  is  seen  only  in  those  tissues  which  are  rich  in 
proteids.  The  process  is  partly  at  lejist  a  sjx'cies  of  fibrin-forma- 
tion, and  is  allied  to  hyaline  degeneration. 

Etiology. — The  causes  of  this  condition  are  those  above  de- 
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tailed  for  necixwis  in  general.  Circulatory  disturbances,  except 
thn)nilj<>sis  or  iuiiirctioiis,  play  a  minor  rCle  here.  Chemical  irri- 
tants and  hijih  tenijienitures  J'requeutly  priwlut'e  it.  Bact^^rial 
poisons  are  very  [injne  t«  proiliiee  it,  espeeially  those  elaborated 
by  tlie  pyogeiii<"  bueteria,  the  tulxTele  baeillus,  and  the  Baeillus 
diphtiieriie.  Alx)ut  every  absefss  is  ibun<l  more  or  less  coagula- 
tion-neerosis ;  it  is  one  of  the  early  changes  in  tubercles,  and  the 
fundamental  eleiu<'nt  in  the  ])i\Mlu<'tioii  of  pseiidomenibraiies.  All 
exudates  :nid  transudates  ari*  lialile  to  eoagulation. 

The  serous  and  mueotis  meiui)r.uies  are  most  suscei>tible ;  next 
the  luusenlar  tissues  (often  the  myueardiutn). 

Pathologic  Anatomy. — The  tis->iie  htus  a  udazcd,  opaque, 
waxy  a]>|teai-anee,  and  is  firmer  i\in\  \ki\vy  than  normal.  In  later 
stages  tlie  color  injcoiues  gray  and  tJie  tissue  inclines  to  s<.it'teu. 
Microscopically  it  is  seen  that  there  is  an  exudate  whieli  lias  been 
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Fro.  2n.— ObstnioUoM  of  ii  liniiicti  of  the  renal  atiiry  m  itli  uiurn'orgiiiilsms  ;  necrosis 
of  the  tissue  ariiiinj  the  artery,  and  round-cell  liiiiltrntiun  of  the  nelghtwring  tissue 
(Thoina). 

fixed  in  the  tissues ;  fibrin  is  seen  (with  suitable  stains)  in  the 
form  of  granules  and  fibrils.  In  additinn  to  the  fibrin  there  is 
more  or  less  hr)niogeneous  mnttt'r  (fibrimttd)  whieli  does  not  react 
to  stains  like  fibrin,  but  whieh  i.s  nevertheless  <'loscly  allied  to  tliat 
substance.  The  cells  soon  lose  their  eh-etiuii  for  stains  |l''ig.  23). 
Early  in  the  process  the  nuclei  may  stain  faintly  and  present  a 
homogeneous  appearance ;  later  the  cell  disintegrates  completely 
(Fig.  24).  In  muscles  the  striatitjus  disappi-ar;  and  in  the  car- 
diac muscle  the  inten'clluiar  cement-substance  seems  to  be  dis- 
soK'cd,  for  the  cells  often  lie  separated  and  present  vacuolation 
and  fragmentation.  Pus,  leukocytes,  and  retl  blood-<-ells  in  the 
aflFected  areas  all  suffer  tiie  fate  of  the  fixed  tissue.     The  blood- 
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vessels  at  the  martriii  of  the  area  are  seen  to  In-  throraljosed.     In 
tlie  kidneys  the  ttibulf.s  may  contain  firm  casts. 

Morbid  Physiology. — Many  chemicals  ratise  coagulation  bv 
direct  action.  In  tin-  larger  number  of  instanws,  however,  it 
must  be  assumed  that  the  fibrinogenetic  substances  which  bring 
about  the  coagulation  of  the  prntcids  arc  derived  jioni  the  nccro- 
biotic  cells  in  the  area  or  are  carried  lliitbcr  by  the  lymphatic 
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Tn.  34.— CaaguUtionnecniRls  of  the  hvpatlc  cellii  In  «  case  of  puerperal  eclampila 
iKarK  and  Schmorl). 

cells.  There  is  considerable  evidence  that  bacterial  products  may 
act  fibrinogenetically.  It  has  been  <'ontemlcd  that  coagulation 
necrosis  is  simply  a  species  of  inspissatiou  of  the  tissues.  This 
is  certainly  not  the  ca.se. 

An  area  of  coagulation  may  Ik?  cast  off'  by  the  process  of  ulcer- 
ation, may  undergo  lir|Ucfiu'tiou,  ca.>icati<iu,  or  supjMiration,  may  he 
encysted,  and  apparently  may  l)e  dis.-iolved  and  rcab.sorbed.  The 
area  of  di.sea.*e  may  finally  be  converted  into  .scar-ti.ssuc  by 
sec<indary  regeneration.  More  or  less  complete  loss  of  function 
results  from  this  ibrm  of  necrosis. 


LIQUEFACTION-NECROSIS. 

Defitlition. — This  change  consists  in  the  d<'ath  of  tissue  with 
colliipiatinn.  It  may  !«■  divided  into  |)rimnry  and  sccontlary 
forms.  Secondary  liquefaction-necrosis  is  the  form  in  which  other 
varieties  of  nin-rosis  «jr  dcgcncralion  are  followed  by  I ifjuef action. 
Thus,  areas  of  (•oagulatiou-nccrosis,  cheesy  neciiosis,  and  of  inflam- 
mation, gangrenous  tissue,  and  tumors  ruay  become  liqiietied. 

Among  the  .spe<!ial  forms  may  be  mentioned  vesicle-formation 
•nd  the  softening  of  caseous  tuberculous  lesions.  A  very  frequent 
eeat  of  liquefaction-necrosis  is  the  central  nervous  system,  where 
the  conditions  are  nnfavoral)ie  to  coagulation,  so  that  litjucfactioii 
here  follows  pathologic  conditions  which  would  elsewhere  produce 
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coagulation.  Circulatory  tli^turhaiKvs.  traiiiniitisni,  and  intoxica^ 
tionn  all  cause  sof'tciiiiii;  in  the  i-cntnil  nervous  system  ;  the 
perijilieral   nerves  are  iinicli   less  snsceptiKle. 

Pathologic  Anatomy. — In  the  early  stages  the  tissue  is 
softer  than  normal  :uk1  very  rich  in  juices.  Later,  when  the  solu- 
tion of  the  Hlirillar  tis.sues  is  advanced,  the  an-a  Incomes  filled 
with  a  licjuid  of  frrcater  or  less  consistency,  dejK'nding  upon  the 
tis.sue  tnvolveil.  Tlie  cells  in  the  area  are  .S4'en  in  all  stiiges  of 
degeneration ;  later,  notliing  but  detritus  is  visible.  In  ssome 
instances,  instead  of  becoming  more  anil  more  fluid,  the  exmlate 
undergoes  coagulation.  The  color  may  be  white,  from  the  presence 
of  an  emulsion  of  fats  ;  yellow,  from  fats  and  ]»iguu'nts:  red  and 
brown,  from  the  presence  of  blood-pigment ;  and  ili-cply  c-olored 
when  jainidic(!  is  associated. 

The  priK'e.ss  consists  in  the  infil tuition  of  fluid  into  tissues  and 
the  more  or  less  coni|)lcte  solutinn  of  the  tis,sne-elements  in  it. 
It  ha-s  been  eompiired  to  the  alterations  of  proteids  by  digestion — 
a  reasonable  deduction,  since  enzymes  are 
often  elaborated  in  tlie  pnK'csses  which  give 
rise  to  liquefaction.  In  other  respects  the 
proces.s  resend)les  the  M»!ution  in  ilistilled 
water  of  jtmteiils  ]>reeipitated  by  suit  so- 
lutions. 

Areas  of  litpiefaction  may  discharge 
their  contt'Uts,  may  coagtdate,  may  l>e  re- 
absorljed,  eney.-tj'ii,  or  in  nueonnuuu  in- 
stances oi^nized. 
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K|(.,  2.''— TnlK'TOnl.'-i- .,[  th.; 
snprHrL'iiiil  i'AT«Mi]f,  sIiowimk 
ojiM-aiioii  of  iIh'  TiilxTfulous 
HfL-Ms  iiitu<1ittt.-iJ  from  Kunt  uik! 


CASEATION. 

Caseation  is  the  crude  name  appliefl  to 
a  complex  jimeess  whose  prrnluct  has  a 
cheese-like  ap)>e!innice  (Fig.  '2o). 

The  comlition  is  most  fre<]nently  seen 
in  eoimeetion  with  tulien'tdfisis,  although 
it  is  found  in  the  other  granuloniata,  and 
also  in  other  pathologic  prtK'es.ses.  The 
|irelitiiinnry  I'DiuUlia  kjik-  ijuii  mm  of  casea- 
tion is  coagidation-nccrosis. 

The  early  tubercle,  before  the  o(."cur- 
rence  of  softening,  lia.s  an  appeanmee  like 


that  of  cheese,  but  is  less  homogeneous  and  more  granular  (Fig 
26).      A  form  of  caseation  <|iiite  similar  in  ajvpcarance  o<'curs 
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pneumonia,  in  tumoi-s,  and  especially  in  syphilis.  Soft  i-iiseat 
is  Usually  c(«ignUiti<iu-necrosis  advanced  to  li<|iiefaetion,  together 
with  fatty  melamorphiisis,  m»  that  the  irp|>earances  aiv  those  of 
soft,  creamy  cheese.  The  liijuefaction-necrosis  of  the  central  ner- 
vous system  may  present  .similar  a})pearances. 
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Micn)soo|)ic:illy,  tlw  tisMiies  m  «i(si-ation  show  no  cells  preserv- 
»iif  their  staining- re-net  ions  ;  ovfrvliiing  is  convfTtwl  into  dt'liris. 
LAnmnd  the  attVftctl  urvti  is  usually  liiuiul  a  zont-  nt'  coagnliUion,  of 
linfl:unmatinn,  or  iioth. 


Fif.  Jfi.— Ijirge  liibercleof  the  luriK.  i-howlng  chctsy  lU'cmsls. 

Tissues  that  have  undei^one  easeation  may  lie  oast  off,  reab- 
tEorl>e(l,  or  in<  ysteil ;  resolution  is  not  possible.      Calcification  is  a 
"x-qticnt  termination. 

FAT-NECROSIS. 

This  term  is  now  n.«e<l  to  designate  a  peculiar  type  of  necrosis 

""to  which  tlie  fatty  tissues  arc  subject,  and  is  di.stinct  from  ordinary 

fatty  nietaFuorpliosis.     In  Intmini   Ix'ings  it  is  seen  almost  <'xelu- 

sively  in   the  alKlonien.  aiMloniinal    walls,  and    subfuTitoneal   I'at. 

In  neiirly  all  instances  it  ap|K-Mrs   in  connection  with   pancreatic 

rlisease— cysts,  tumors,  olist ruction  to  the  duct,  and  the  varinus 
forms  of  acute  psincit'atitis.  In  rare  instances  the  pancreas  has 
not  seemed  es]»ecially  diseased.  In  one  case  I  have  seen  of  hyper- 
trophic cirrhosis  of  the  liver  the  onicntnni  was  att'ccted,  while  the 
pancn-as  showed  notliiu;^  but  a  mo<lenite  degree  of  fibrosis. 

The  affected  areas  are  white  in  color,  usually  not  larger  than  a 
tliey   may   be  soft   or  ipiite  gritty.     Inrtaiuiuatory  reaction 
nay  or  may  not  surnmnd   them.     On  niicnh-^'opic  cxamiuatitin 
Itrystals  of  the  fatty  aci<ls  may  be  seen  together  witli  more  abnn- 
jit  crystals  of  a  comiiiiiation  of  lime  with  the  fatty  acids.     This 
Icombination,  it  appears,  is  not  a  primary  feature  in  tire  necrosis, 
fBuggesting  that  the   fatty  aciils  are   first   set   free  and   llicn   unite 
with  lime-salt-s.      lu  experimental  work  by  Hildebraml,  Williams, 
and  Flexner  it  seems  to  have  been  shown  that  the  typical  condi- 
tion may  be  the  result  of  direct  action  of  the  fat-splittiug  ferment 
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of  tlvfi  pancreatic  secretion.  It  is  certain,  however,  that  in  some 
cases  of  pamTfutic  rysti?  conUiining  steapsiii  no  fat-necrosis  lias 
occurred.  Bacteria  Imve  been  siipjwsL'cl  Uy  some  to  l>e  the  essen- 
tial agents  causing  the  cliauge,  but  tliis  lias  not  been  demonstrated. 

HEMOLYSIS. 

Hemolysis,  or  bloixl-destrnetion,  is  a  term  limited  to  the  red 
cells,  tmil  imlieates  destruction  of  the  eel!  with  dispei-sion  of  its 
hemoglobin.  (The  causes  and  other  fratures  are  descril>ed  under 
Pigmentations  and  Disea.ses  of  the  Hlixxl.) 


QANORENE. 

Definition. — CTaugrene,  formerly  defimil  as  the  death  of  tis- 
sue en  musnt;  is  {)erhaps  liest  detiue<l  its  the  juttivfactiun  of  aivas 
of  necrosis.  It  may  Ije  jirinuin/,  when  u  particular  bacterium 
pro<luces  a  gangrenous  intlammation  iw  its  direct  result,  as  in 
malignant  edema  ;  or  im-ondan/,  when  sa]>ropiiytie  bacteria  deeoni- 
p<tsf.'  an  area  already  iieen>iiil  from  other  causes.  It  may  be  tlri/ 
or  iiioiKt,  according  to  tiie  lix^-utiou  and  su]>]»ly  of  fluids.  It  may 
furthermore  be  circmtutcribfil,  /jriM/nmiivv,  or  iiirlanttttir. 

Primary  gangrene  eonstitut*>s  a  sjtecitic  affeetion,  or  rather  a 
numljer  of  sjweific  atfeetious.  Malignant  edema,  infectious  em- 
physema, and  some  forms  of  antiirax  may  Im;  included  in  thia 
group.  In  these  conditions  there  is  violent  iufective  intlammatioD 
with  practically  immediate  ginigrene  of  the  atfeetetl  parts. 

Secondary  gangrene  is  more  common, and  the  appeanineesare  very 
varied.     The  essential  comlition  is  putrefaction  ot  a  necrosed  area. 

Dry  gangrene  is  usually  due  to  vascular  disturbances.  As  a 
result  of  arterial  obstruction  it  is  seen  in  the  extremities  in  .senility, 
and  Ibllowing  arterial  emlxdistn  or  thrombosis  of  wIuil.s<K>ver  nature 
if  the  collateral  I'ircuiatioii  l>e  iusulfiuient  lo  nourish  the  part. 
Frei.'zing  may  produce  a  dry  form  of  g-angivnc.  tlie  vessels  being 
bl<K'kcd  by  thntmbtwis.  Krgotism  eausi's  <b'y  <^ni<irene  as  a  nde ; 
the  .same  may  be  said  of  Raynaud's  diseas<'.  Finally,  dry  gan- 
grene may  result  from  the  moist  form  when  piitrefaetion  is  slow 
and  eva|toration  of  the  tlnids  m-curs.  The  putrefactive  nn)cesses 
in  the  dry  type  arc  not  marked,  and  may  cease  entirely.  Dry  gan- 
grene is  genmdly  t-ircuinscribed,  and  the  end-result  of  a  typical 
case  is  muuuuificatiou.  The  color  is  usually  dai-k,  finall\  black  ; 
early  it  may  lie  yellow  or  brown  j  rarely,  the  tissues  are  very  pale. 
There  is  little  toxic  absorption  in  these  cases. 

Moist  gangrene  presents  mmierons  varieties.  It  is  rarely  pro- 
duced by  arterial  iicclusimi,  but  is  the  usual  result  of  extensive 
venous  occlusion.  Internal  eml)uli.  as  in  the  pulmonary  arteries 
or  veins  or  mesi'nteric  arteries,  not  infrequently  cau.se  gangrene  of 
this  form.     It  also  occurs  in  the  lungs  as  a  result  of  inspirational 
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or  other  pneumonias,  absoe&s,  neoplasms,  bronchiectasis,  and  in 
diabetes.  It  is  seen  as  a  result  of  tmiiniatisni  and  pressure  in 
severe  contusions  (ospceially  with  vascular  injuries),  in  intussus- 
ception ami  strangulation  of  the  bowel ;  as  a  result  of  tursion  in 
movitble  kidneys,  spleens,  nr  tiuTiors.  It  is  freijuent  in  the  ob- 
structeil  or  stniiij^nlatiHl  verrnifnrni  appentlix.  Kxteusive  moist 
gangrene  of  the  extremities  or  other  parts  is  not  nuv  in  eonnec- 
tion  with  diabetes.  The  mucous  membranes  may  liecome  gan- 
grenous as  a  result  of  vari<ius  Infections.  A  particular  form  is 
noma  of  tiie  mouth  and  genitalia.  It  is  seen  as  a  rare  condition 
in  certain  skin-tliseases;  and  is  mit  unusual  in  severe  trophic 
lesions,  as  deeuliitus,  cystitis,  nial   |)erforaut,  etc. 

In  mfiist  gangrene  the  eonsistenev  of  the  part  becomes  progres- 
sively softer.  There  may  \yo  locsil  tir  widespifad  em]Hiysrma. 
The  color  is  usually  dark  limwn,  due  to  disorganized  bloiHl-pig- 
meut ;  the  skin  conmionly  becomes  black,  an<l  is  envered  with 
blebs.  Alntut  the  an-a  theiv  may  Ik'  a  /nuc  ot'  et)agiilation-m'en)- 
sis  willi  vas<'ular  thromlmsis  ;  or  a  zone  of  intlaniiuatory  reaction 
which  will  prtKlitcc  a  line  of  demarcation.  In  some  cases,  espe- 
cially the  dial>etie,  neither  of  tlies<'  zones  is  formed. 

The  cells  Hrst  «iccumi>.  The  ])rotopla.-ni  and  nuclei  exhibit 
various  evi<lence8  of  tlegenenition,  the  nuclei  iIisap]M'aring  and 
the  cells  becoming  convertwl  into  granular  detritus.  Fat  and  the 
myelin-shcaths  o<  nervc-lil>crs  are  retlueed  to  free  fat  and  fatty 
cn'stals.  The  musi'lc-cells  low  their  striations  and  Ixromc  frag- 
mented ;  the  axis-cylinders  of  nerves  tibrillate.  I  lenmrrliages  into 
tlic  area  are  connwin,  due  either  to  erosion  of  ves.sels  and  expulsion 
of  their  thrombi  by  the  pressure  of  the  blood-current,  or  to  a  genu- 
ine hemorrhagic  con<lition  the  re.-^olt  of  to.xeniia.  ( 'omieetive  tissue 
and  elastic  iioers  resist  longer  than  the  cells,  but  finally  b<-cfime 
liquefied.  The  atfectwl  area  contains  ciystals  of  pigment,  tatty 
acids,  cholesterin,  Icucin,  tyrosin,  phosphatt^,  an<l  cariionates. 
Ammonia,  the  fatty  acids,  indul  and  skatol,  amins,  sidphuretted 
hydrogen,  carlwnic  acid,  and  otiier  giis*'.s,  usually  of  pronounced 
fMlor,  are  formed.  There  is  more  or  less  toxic  abs«jrption  fmm 
these  areas. 

But  two  things  can  hapiH'n  to  an  area  of  gsmgrene ;  it  may 
progress  and  cause  the  death  of  the  intlividual.or  may  become  cir- 
cumscribed. In  drv  irautrreue  and  in  the  vascular  forms  of  moist 
gangrene  linntation  is  the  rule;  the  other  nmist  forms  tend  to  be 
progressive.  In  the  circums<'ril)ed  form  a  line  of  demarcation  is 
fornuxl  i)y  inflamnialory  reactiiMi,  and  the  uiass  is  finally  cast  off 
as  a  gphacehiM  or  slough  if  the  area  be  superficial,  or  encysted  if 
the  area  be  internal.  The  latter  ca.ses  may  be  fbllowetl  by  reab- 
eorption  of  the  contents  and  calcification  of  the  sac. 
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GENERAL  PATHOLOGY  OF  CELLULAR  NECROSIS. 

Tlie  cell  a.s  au  iudividual  element  is  liable  to  pathologic  proce*ie.i  of 
TariouA  kinds  ttiut  merit  brief  cuiidideration,  apart  from  defiuite  foruH  of 
tissue-dejreneration  and  necrosis. 

Etiology. — The  oausw  of  cellular  degpneratioii  and  necrcsis  are  numer- 
ous, incliiiinifj  mechanical,  thermal,  electrical,  chemical,  and  vital  (truphic) 
influences  of  various  kinds.  It  is  easy  to  demonstrate  the  influence  of 
8ome  of  these  catiseii  in  the  unicellular  urgani.'ims  such  as  amebs,  and  the 
changes  thus  produced  may  also  be  seen  under  proper  conditions  in  the 
cells  of  the  animal  body. 

Pathologic  AnatomT. — Tlie  cell  as  a  whole  mav  show  various  fonns  of 
distortion,  or  internal  cuange.  Increased  irritability  and  n)obility  of  the 
protopla>iii  cause  the  projection  of  pseudojiodia,  and  tlie.-ic  may  be  separated 
from  the  ImiJv  of  the  cell  as  rounded  particles  more  or  less  resembling  the 
original  cell.  This  is  esisily  demonstrable  in  red  blood-corpuscles  sub- 
jected to  lieat.  Soiiietimes  particles  are  discharged  from  the  cell  and 
vacuolations  (cxiiul^iou-vacuofes)  result.  Certain  influences,  like  cold  and 
metallic  salts  or  otiier  poisons,  cause  a  reduced  mobility  and  general  con- 
traction of  the  cell. 

•similar  changes  liave  been  discovered  in  the  nuclei  of  the  cells,  but 
certain  special  forms  of  nuclear  change  require  special  mention. 

ytifkiir  iti/iiliitn  or  kitrijolynu  may  occur  as  a  process  of  gradual  fading  or 
disap|>earance.  The  nucleus  becomes  more  and  more  pallid,  and  finally  is 
indistinguishable. 

Kanjiirrhr.ru  is  a  form  of  nuclear  fragmentation  in  which  the  chromatin 
of  the  nucleus  becomes  broken  up  into  small  particles. 

iliffirrrhronmlonit  is  a  degenerated  condition  of  tlic  nucleus,  involving 
the  nuclear  membrane  in  particular.  The  body  of  tlie  nucleus  becomes 
pale  and  finally  riuite  colorless,  while  the  periphery  is  much  more  apparent 
and  thickened.  Witii  the  further  destruction  of  the  nucleus  and  cell  the 
pigment-particles  arranged  around  the  periphery  of  the  nucleus  may  become 
scattered  through  the  cell. 

Pi/hirnis  is  the  nunvc  used  to  designate  degeneration  of  the  cell  and 
nucleus,  in  which  the  substance  of  these  structuns  becomes  more  dense  and 
their  size  correspondingly  decrea.sed.  The  cells  become  darker  and  fre- 
quently densely  granular.  When  the  nucleus  is  atl'ected  this  contraction 
mav  leave  a  vacant  zone  about  it,  so  that  the  nucleus  a|>pBrently  lies  within 
a  vacuole. 

Among  the  various  forms  of  degetierative  change  in  the  cell  prece«ling 
its  necrosis  are  vacuolizjiticvn.  clmuiy  swelling,  and  dnipsical  degeneration, 
loss  of  pree.xisting  granules  or  gninuUition  of  j>rcviously  homogeneous  pro- 
toplasm, pigmentation,  and  hyaline  and  glycogenic  change.  These  de- 
generations mav  alT'ect  only  i>art  ol"  tlie  cell,  the  surninmling  protoplasm 
remaining  healthy.  In  such  cases  the  uppearaiice  of  alien  inclusion*  is 
given,  and  such  areas  of  degeneration  have  frequently  been  nii.staken  for 
animal  parasites.     Rus-sell's  fuchsin  bodies  are  examples  of  this  condition. 


POST-MORTEM   ALTERATIONS. 

Certain  changes  take  place  after  death  which  may  suggest  in  their 
appearances  ante-mortem  disease.  It  is  therefore  necessary  to  recognixe 
these  in  post-mortem  examinations.  The  most  striking  change  is  the 
rigidity  or  ri.(7orni»r/i>,  which  is  due  to  a  coagulation  of  the  muscle-albu- 
min or  myosin.  This  occurs  at  ditferent  intervals,  according  to  the  cause 
and  nature  of  death.  Sometimes,  as  in  deaths  after  electrical  discharges, 
it  occurs  almost  instantaneously  ;  more  commonly  its  beginnin;^  is  delayed  for 
some  hours.    .After  twenty-four  or  forty-eight  hours  the  rigidity  disappears. 
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..w  '•'"ono'ly  irregular  post-mortem  contractions  of  the  muscles  take  place. 
and  distortiiiH'*  or  even  movements  are  thus  produottl. 

Circulatory  Phenomena.— A^  in  noted  elsewhere  (see  CoNrtESTioN)  the 
bIo<Kl-vt-s?»el'*.  especially  the  arteries,  contratl  after  deatli.aiiii  drivi'  tlie  hluod 
into  the  capillaries  and  veins.  It  is  then  more  or  less  free  to  .-iink  In 
dependent  parts  through  the  inttuence  of  gravity,  and  in  eonsequenee  the 
lower  parts  of  the  organs  and  of  the  boiiy  in  general  are  conge-sted.  Thi.i 
is  particularly  marked  in  the  lungs,  but  occurs  in  priictically  all  organs. 
The  blood  may  remain  entirely  within  the  blood-vessels,  but  not  rarely  the 
coloring-matter  diffuses  itself  through  the  ti.tsues  and  causes  pigmented 
areas  {lionra  mwlii)  that  may  suggest  ante-mortem  bruises. 

The  blood  in  the  heart  and  other  vessels  tends  to  coagulate,  though  in 
aome  cases  this  is  long  delayed  and  remains  imperfect.  Usually  dark  red 
clots  are  found  in  tlie  cavities  of  tlie  heart  and  in  the  hirge  vessels.  Yel- 
lowish fibrinous  clots  are  less  likely  to  be  post-mortem,  hut  more  often  occur 
in  ca.-.ei  in  which  death  luis  tiiken  ii  lingering  form. 

Post-mortem  Degeneration  of  Tissues.— Some  time  after  death  the  tis- 
BUeit  may  become  macerated  and  putrefactive  changes  may  occur.  To  a 
large  extent  these  are  due  to  invasion  of  micro-organisms.  It  has  been 
found  that  during  the  terminal  stages  of  disease  various  forms  of  infection 
(especially  micrococcic)  occur.  This  terminal  infection  is  often  the  im- 
mediate cause  of  death,  and  it  is  nl.so  concerned  in  the  post-mortem  change 
in  the  tissues.  Histologically,  a  striking  peculiarity  of  such  post-iiiurteni 
change  is  the  absence  of  evidences  of  reaction  (cellular  infiltration  and 
proliferation),  such  as  characterize  the  response  of  living  tissues  to  irri- 
tation. 

Post-mortem  softening  of  the  mucous  membranes  may  be  due  to  the 
action  of  the  secretions.  This  is  especially  marked  in  the  stomach,  where 
it  is  common  to  observe  a  macerated  condition  of  the  mucn.sa  of  the  pos- 
terior wall.  In  this  case  the  gastric  juice  is  the  direct  cause  of  the  altera- 
tion in  the  mucous  membrane. 


CHAPTER  V. 


INFLAMMATION  AND  REGENERATION. 


INFLAMMATION. 

Definition. — By  this  name  are  desi>rnato<l  the  vascular,  exuda- 
tive, degenerative,  and  refjenerittive  clianfjes  which  (xritr  in  the 
living  tis-siies  as  a  rcstiU  of  itritiifinn  l>y  eliemioal,  niecliantcal,  or 
thermal  jif;eiit.«.  No  AmyI  dctiiiihoii  eniitains  the  ess«'n<'c,  for  in- 
dammation  i.s  by  no  Dicans  a  sitnple  prfK'c.ss.  It  varies  with  the 
varj-injf  anatomical  conditions  or  the  vitality  of  the  tiR'-iie  involved, 
and  with  the  intensity  or  nattire  of  the  irritant.  tJaJen  and  hi.s 
followcrH  defined  it  by  givinjr  the  earditial  syniptoins  :  heat  {cnlor), 
rwlnes-s  inihitr),  paiti  {ihtfor),  and  swelling  (tumor).  To  these  may 
be  addcfl  altered  funetion  [j'intrfio  lo:.w). 

/litloriad. — The  earliest  conceptions  of  inflammation  were  those  of  a 
specific  entity.  Subsequently  various  theories  were  offered  in  explanation 
of  the  several  phenomena  or  symptoms.     First,  the  blood-vessels  were  sup- 
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posed  to  be  influenced  throupli  the  nervous  svHfeni  (vanciilar  theorift). 
Next,  it  was  taught  that  the  inflammaton'  irritant  excites  proliferative 
changes  in  the  tissues  (thus  giving  rise  to  round  cells),  and  that  this  stimu- 
lation of  the  cellular  activity  invites  more  hlood  to  the  part  (hence  the 
hyperemia).  This  was  the  crllulnr  nntl  dlfrnrtiun  t/ieori/  of  Virchow. 
Others,  notably  Cohnheim,  (iescnlied  the  emigration  of  leukocytes  from  the 
blood-ve-ssels,  and  held  this  to  be  the  essential  feature  of  intlammation. 
This  emigration  was  lirst  described  by  Dutrochet  (1824),  Waller  (1842).  and 
Strieker ;  but  Cohnlieini  was  the  first  to  systematize  the  emigration  theory. 
According  to  Virchow,  the  lirst  step  is  a  formative  stimulation  of  the  cells; 
according  to  Cohnheim,  degeneration  of  the  vessels  leading  to  emigration ; 
according  to  Weigert,  at  least  in  many  cases,  the  first  step  is  necrosis  of  the 
parenchymatous  cells.  At  the  present  day  inflammation  is  generally  re- 
garded a.s  [lurely  reactive  in  nature,  the  irritation  causing  sometimes  one 
and  Hoiiietinies  :motlier  primary  lesion. 

Flienotiiena  in  Inflammation. — These  may  be  well  studied 
ill  the  mesentery  or  tongue  of  a  frog.  When  the  niesenten'  is  ex- 
posed and  spread  under  a  mierowope  and  a  loealized  area  injured, 
the  first  visible  efleet  is  a  very  teniponiry  eoutnietiim  of  the 
arteries,   whieli   may  dtsapjiear    heftirc    the  e.xuniination    «in    be 
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Fia.  27.— Inflaminptlon  nf  the  mvsniitvrv,  showliix  overHUinK  of  the  blood-Teasels,  with 
emlKratlon  of  lenkocytea  and  dlapedeaU  of  red  corpuscles  (Zlegleri. 

made.  It  is  followed  by  dilatation  of  the  arteries,  and  then  of 
the  ca])illaries  and  veins.  'J"hc  hlood-ciirreut  is  first  more  rapid 
than  normal,  then  slower,  and  may  finally  stop  entirely  (.stasis), 
especially  in  the  fapillarie.s  in  the  center  of  the  inflamed  area. 
Notable  changes  an*  seen  in  the  circulating  corpuscles.  It  will 
be  recalled  that  under  normal  conditions  the  corpu.scle.s  circulate 
in  the  middle  of  the  vascular  stream,  leaving  a  clear  plasmatic 
zone  adjacent  to  the  ves.«iel-wall  ;  in  this  zone  may  be  seen  occa- 
sional leukix'vtes  travelling  somewhat  more  slowly  than  the  cen- 
tnil  corpu.scular  stream.  Afs  the  current  becomes  slower  the  leu- 
kocytes in  the  plasmatic  zone  increase  in  numlier  and  stick  to  the 
vessel-walls  in  a  continuous  row.  In  the  capillaries  clumps  of  leu- 
kocytes frequently  alternate  with  masses  of  red  corpu.soIes,  or  of  red 
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[•11)1  white  corjMiscles  in  their  ciistoiimrv  projxjrtiun.  Next,  it  may 
[be  i>l)s^rvc»l  that  the  U'likooytes  are  piissiiig  tlirmij:;h  the  walls  of  the 
i|>ilhiric8anil  veins  ami  spreadinp  in  the  outsiile  tissues.  Some  of 
[these  may  enter  the  lymph-channels  and  thus  reenter  the  circnhitioii. 
lAt  the  same  time  a  certain  nninlter  of  red  eoriuiscles  jiass  thronj^h 
[the  capillary  walls,  and  altered  ]ilasma  escapus  and  intiUrates  the 
lti!>siies.     In  the  connective  tissues  outside  tlie  vessels  proliferative 

ebnn^&ii  take  place,  and  the  numerous  lyniph-ehannels  of  tlie  sur- 
'  rounding  tissues  are  filled  with   round  eell> — partly  new-formed 

connective-tissue  e<'lls  am!  partly  emigrated  leukneytes.    In  strue- 

•  tnres   in  which  there  are   parenehyinatons  (an-liililastic)  cells  the 
latter  undergo  various  degenerative  changes,  such  as  cloudy  swell- 
ing,   e<lema,    mucous   degeneration,    fiitty   tlegenerntion,   or   even 
^■necrosis.      Less  frequently  pri>Iifcnition    of   the    jwrenchymatous 
^■eells  takes  place. 

Every  case  of  inflammation  does  not  present  all  lhe.se  phe- 
nomena, uor  is  the  subsequent  fate  of  the  exudate  and  altered  cells 
always  the  same. 

Phfnomfnn  lit  Iiifliimmntion  of  Iht  Cnrnra. — Some  of  the  proce»se.s  of  in- 
fluinmation  have  been  best  elucitlated  by  experimental  intlixmmatiori  of  the 
xirnt-a.  It  will  be  recalled  that  this  structure  i«  composed  of  layers  of  parallel 
|Cb«r«,  the  direction  of  the  fiber*  in  one  layer  bein^  at  angles  to  that  of  the 
|fil>er)t  of  adjacent  layers.     Anastomrwing  lymph-ehannels  occupy  the  ii])iieea 
(etween  the  fibers  and  layers,  but  there  are  no  lilood-vessel.j.    A  very  slij^ht 
njury  of  the  cornea  may  "be  followed  by  no  other  result  than  slijrht  swelling 
ll>f  the  corneal  corpuscles  around  the  |)oint  of  injury,  unci  snb-teijiiontly  mui- 
raplieation  of  these  cells  to  rejiair  the  damage.     Thin  idiirht  change  cannot 
Ibe  readily  demonstrated.     Usually  there  is  seen  arouml  the   injured  spot  a 
hiizy   zone  which   is  composed  of   masses  of   leukocytes  that    havf   hi-on 
attracted  to  the  center  of  irritation.   In  more  intense  grades  of  inHammHtiim 
the   local   degeneration   of  the  corneal   eorpngeles  causes  a  visible  defect 
(ertwion,  ulcer),  and  the  surroumliiig  zime  of  leukocytic  inva.sion  is  pro- 
nounced.    In  ca.ses  of  marked  corni'al  infl.imioMtion  new  bhnHl-vessels  are 
found  at  the  sides  of  the  eortu-a,  and  push  into  its  previously  avascular 
•tructure;  the  phenomena  then  are  practically  the  same  9»  those  found  in 
inflammation  of  vascular  tissues. 

The  phenomena  must  now  be  sefniratelv  considered. 

1.  Changes  in  the  Vessels. — The  first  effect  of  irritation  may  be 
momentary  contraction  of  the  arteries  ;  but  this  is  rarely  observed. 
Usually  the  arteries  <lilate  tit  once,  and  dilatation  of  the  capillaries 
and  veins  promptly  follows.  The  cause  of  this  dilatation  was  for- 
merly lookol  for  in  the  nervous  .system,  hut  it  is  more  ]m)bably 
to  be  found  in  s<:>me  degeneration  of  the  vessel-widls.  The  miero- 
acope  does  not  reveal  this,  btit  .some  of  tlie  pheiioineiui  connected 
wito  exudation  and  the  eircidatiori  of  the  bliMwl  show  thtit  the 
cause  must  Ih?  in  the  ves.sel-wal Is.  There  are  certain  visible 
changes  in  the  vessels,  such  as  swelling  of  the  endothcliid  cells 
and  inerea.se  of  the  intercellular  spaces,  and  .some  undoubted 
though  invisible  changes,  .such  as  increased  adhesiveness  of  the 
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cinintlielial  cflls.  The  last-iiieutiuni'd  comlitiim  anil  tin-  swelling 
of  tlif  oiidollieJial  cells  wliicli  tliiis  eiifroacli  upon  tlie  lumenof  the 
vessels  are  the  ciinditions  tliat  (X'casion  slowing  of  the  hlooil-cur- 
n'nt  :iiiil  aitiicsinn  of  the  li'iiUocvtes  to  the  vesscl-wiill. 

Ill  ihi'  later  stufjes  of  iiiHuiiimiitioi)  kiirvnkiiietie  eliaiiges  and 
consei(iieiit  iniiltijiliciitinn  of  the  eiulntlii'liul  rells  are  ohservi-*]. 
The  iiew-tbrmed  endothelial  eelis  an*  utilized  in  the  priiduetion  of 
new  blood-vessels  (see  Granidatiou  Titisiie). 

Jnfiue»ce  of  the  Herrous  ,Si/i>lfm. — It  is  likely  thai  the  nervous  igysteni, 
ccntndly  iind  peripliernlly,  jiliiys  :ui  iniinirtant  r/ilr  in  the  vascular  and 
exmhitivc  iihciiiiiiiriiii  i>f  iiilLiiniiiatiiu)  Uiriiu^li  it;<  viL^iiiiiolor  ineclianigm. 
Diintatiuri  i»f  tlii^  VL's.*els  iiiiiy  l)i'  tavorei)  by  weakiK-s.-'  of  the  con'^trietors  or 
stiiiHilatitjii  III'  tlio  (jitator.-i,  auil  tlie  intensity  <>(  tiie  iiitlaimniition  is  eu- 
hantt'il.  Till!*  is  iilui'tratwl  by  tliy  severe  iiitiaiiiiitatiuiis  rt-sultiiig  from 
trivial  eauses  in  |iaralyt)i?  i)iirt^,  and  by  the  octal rrence  of  liyinpatlietio  in- 
flamniatimi  in  one  eye  following  liisease  of  the  oilier.  In  llu*  hitter  in«tjiiice 
the  trophic  nerves  are  also  concerned. 

2.  Exudation. — The  hlrRid-euri-ent  is  at  first  more  rapid,  then 
slower,  than  normal.  The  former  is  due  to  dilatation  of  the  arte- 
ries;  tlie  latter  dmihtless  to  the  elmnires  in  the  walls  of  the  blood- 
vessel mentioned  above.  Mere  dilatation  of  tlie  vessels  could  not 
aft'eet  the  eiirreut  in  this  way.  As  the  current  frrows  slower  the 
leukocytes  in  the  plasmatic  zone  of  the  blood-stream  increase  in 
number  and  eltnfr  to  the  wall  id'  the  vessel.  This  is  ]>artly  a 
meehaiiieal  result  of  the  slower  rate  of  the  bliiod-eurrent,  ami 
partly  the  result  of  the  adhesiveness  of  ihe  vessel-walls  and  pro- 
jection of  the  endothelial  eells.  Possibly  the  attraetive  (ehemo- 
taetie)  influence  of  the  ajreuts  eatisiu<r  the  iidhuiiniation  may  play 
some  part  by  ilrawint,^  the  leukocytes  to  tlie  walls  of  the  vessels 
(see  below).  Finally,  the  leukocytes  pass  thnnigh  the  vessel-walls 
between  the  enilothejial  eells  and  eolleet  on  the  outside  of  the  blood- 
vessel, whence  lliey  more  slowly  mi<jnite  tlinuttrh  the  tissue  (  Fip.  27), 
This  eniitjnitioii  of  leiikiM-ytes  occurs  to  a  slijrht  extent  nornially, 
but  is  abnormal  in  deujree  in  iiiHaiiiniation.  Cohulieim  a.s<Til>ed  it 
to  ilisease  of  tlie  vessels — increased  |)errueability — the  leukocytes 
being  purely  passive.  Later  observation  indicates  thai  the  chief 
rdic  in  this  e.xeessive  emigration  must  be  a.ssigned  to  the  stimu- 
latcil  ameboid  nioveinents  of  the  leukocytes.  Degeneration  of 
the  vesscl-waiN,  especially  swelling  and  .softening  of  the  cement- 
substanee  between  the  endothelial  cells,  and  tiie  pressure  of  the 
blood,  aid  ;  but  only  to  a  minor  e.xteut.  The  cause  of  this  .letive 
ameboid  motion  and  tendency  to  emignition  has  recently  been 
found  to  be  an  attractive  force  jieculiar  to  the  causes  of  inflam- 
inati<iu.  Staid,  and  later  i'fetler,  Ibuud  that  certain  substuuces 
e.vert  an  attractive  or  repellent  force  upon  low  fiirnis  of  vegetalde 
and  animal  life,  upon  sjioro  of  plants,  ami  upon  bacteria.  To 
this  force  the  name  chemotax-i.t  has  been  given,  and  the  terms  /joj»i- 


tyPLAMMATIOy  ASD  REGENERATION. 


IitT 


»Cfi 
da 
■n 
of 


tier  aixJ  uegatire  rheinotiixig  are  used  to  designate  tlic  attraction 
and  llie  repulsion  respectively.  Pusitive  cliemotuxis  is  an  iin- 
doubtetl  and  satisfactorily  demotistratecl  forw.  Tlic  irritani  siib- 
stanecs  whieli  cause  inHanitiiatiiui  -arc  jHisitivcly  rliciiiotiictic  in 
action;  and  in  cases  iu  which  iiiccluiiiica)  injury  ciuiscs  inrtatii- 
niatiun,  such  substances  first  result  from  iticchanical  ilcstruc- 
tion  of  cells  and  then  incite 
the  subsciijuent  phenomena  of 
inHanimation.  In  other  intlam- 
niations  the  irritaur  raiisinj;-  the 
disonlcr  may  itself  couiaiu  the 
positively  I'hemotactic  sub- 
stance (see  untler  Suppurative 
Inflammution).  The  leukocytes 
that  einipraie  inider  the  iiiHii- 
ence  of  a  chen»otactic  agent  are 
almost  exclusively  the  poly- 
nii>q)hiiuuclear  tonus,  and  these 
con.-ititutc  the  majority  uC  the 
lis  of  an  inHammatory  exu- 
date ill  its  earlier  stages.  They 
r»'  not,  however,  the  only  forms 
of  leiikiK'vtes  found  iu  an  in- 
flanimatory  area.  Fretjueiitly 
the  first  t<»  appear  are  the 
eosinophiles,  which  arc  ]>rcsont 
in  grfjit  or  small  uunibers  iu 
most  of  the  tissues.  Simctiuics 
the  cosiuophile  cells  arc  very 
aliundant  in  the  intlamed  part. 
In  soniewhat  later  stages 
Ivrnph<x;ytes  and  large  nioiio- 
nucfear  cells  are  fount!.  Iu 
part,  these  doubtless  I'mignite 
fn>ni  the  bliMHl-vessels,  but  ihc 
greiiter  number  is  derived  from 
the lymph-chanuelsand  regional 
lymphoid  collections.  Plasma- 
cells  and  mast-ceils  arc  also 
found,  but  as  the  sigiiili<'niii-e 
of  these   is  still  doubtful,  >c])- 

aratc  reference  will  tie  made  to  tlicm  below.  The  plasma  cell 
nndoiibtedly  plavs  an  im[yurtaut  n'llr  in  some  cases,  as  the  iuHam- 
matonr  e.^mlate  may  con^sist  almost  wholly  of  this  type  of  cells. 

The  leukfK-ytes  are  highly  useful  factors  in  the  rlefonse  of  tlu" 
organism  against  the  action  of  irritants.  In  tlie  iiitlatnrnatory 
area,  the  polymorphonuclear  and  the  large  mononuclear  cells  are 
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activfly  pliagoovtio,  takiuir  iiji  haotcTia,  if  tliosf  aro  not  ti)0  higlilv 
viriiknt,  and  farrviii;^  tlu*iii  oiii  gf  tliu-  diiieased  area.  In  like 
niaiiniT  variotif-  kiiuls  oJ"  tl6l>ris  are  reuioved.  If  tlje  bacteria  are 
siiftifiontly  vinilt-nt,  tlic  leukocytes  may  he  rapiiHv  dpstmvetl,  Ijiit 
ill  tiieir  ilisiiili'jirratioi)  jiruhnlily  set  !(•<■<■  bultiljle  siiltsUmees  capable 
of  destriiyirii;  the  liaetcria.  Tlic  part  nf  tlie  eitsiuupiiiles  is  not 
tliat  ijf  pliiifjoeytcs,  Intt  rather  uf  seeretiujj  cells  that  throw  out 
siib.stjrnce;-  of  Inu'terifiiytic  diameter.  Hesiiles  tlic  leukocytes,  the 
endnihelial  cell.s,  and  iu  elinmic  inrianiniatioti.s  ^iant-cells,  plav  a 
part  as  pliagocytes.  Hound  cells  derived  fnini  prnliferatioii  of  the 
fi.\e<l  connective  tissues  arc  also  contained  in  the  indaiiunatory 
area.  These  will  iie  discusxed  below.  The  niicro8copi<"  ap|tearance 
of  the  tissues  after  emignitiou  iif  the  leukocytes  is  characteristic. 
Tlie  capillaries  arc  dilated  and  obscured  by  a  mantle  (d'  exuded 
white  cor))UScles,  and  the  tissue  around  is  infiltnitcd  with  niigra> 
tory  leukocytes  and  new-formed  eonneetive-tissue  cells.  This  a|>- 
pearance  is  called  ntuml-crll  Infiltration  or  injiammolory  lufiUration 
(Fig.  28). 

PlatTna-eefh. — The  cell  desrribetl  urnler  this  t^rm  by  Unna  is  a  small  cell 
whose  protoplasm  stains  a  viok't-bliif  with  nietlivlene-bliic.  There  are  no 
distinct  granules,  though  .wmetimcs  the  protoplasm  i.<  sliphtlv  granular. 
The  nucleus  is  usually  eKccnlrirnlly  placed  nnd  surrounded  by  liurk  masses 
of  chromatin.  The  cell  varies  in  size  from  that  <d' the  small  lymphocyte  to 
that  of  a  large  mononuclear  leukncyto.  Kuryokinesin  has  been  observed  in 
a  few  cases.  The  plasma-cell  is  probably  an  altered  lymphocyte  which  has 
escaped  from  the  blood-vessels.  Some  hold  that  it  is  a  form  of  connective- 
tissue  cell  ami  that  it  is  concerned  in  regeneration  of  connective  tissue. 
This  is  unproved.  The  pla.sma-cell  is  found  in  intlanimatory  exudates  of 
all  sorts  and  in  the  lesions  of  the  infectious  diseases — tuberculosis,  leprosy, 
syphilis,  etc. 

The  [liasma-cell  of  Waldeyer  is  different  from  that  above  described.  It 
is  identical  witli  the  mast-cell  of  Ehrlich.  This  is  a  cell  containing  large 
ba.H(iphilic  granules.  (See  Diseases  of  the  Blood.)  It  occurs  in  inflamma- 
tory processes  of  a  chronic  character  and  in  various  tumors  and  degenera- 
tive lesions.     Its  significance  and  nature  are  unecrtain. 

Exudfition  nf  Lit/iiifiK. — Coincidentally  with  leukix^ytic  emigra- 
tion there  is  exudation  of  more  or  less  altered  blood-plasma.  The 
amount  of  liquid  e.\u(latiou  and  the  cliaracter  trf  the  exudation 
vary  with  the  nature  and  condition  of  the  ti.ssue  aflected  and  the 
character  of  the  irritant.  In  Iwise  cellidar  tissues  and  in  inflam- 
mations of  mcnibnines  lining  cavities  large  quantities  of  liquid  are 
poured  out  of  the  vessels,  white  the  reverse  is  seen  in  denser  parts. 
Sonte  intense  irritants  occasiuu  free  e.xutiation,  while  others,  by  ■ 
their  very  intensity  or  peculiar  characters,  at  once  destroy  the  tis-  ^t 
sues,  and  exudation  is  conipaRitively  slight.  ^^ 

The  exudate  is  richer  in  albumin  and  more  coagulable  than 
dropsical  fluid,  which  is  a  further  indication  that  the  blood-vessels 
are  more  permetible  in  inHanimatiou  than  in  health  or  mere  con- 
gestion.    It  is  proliable,  moreover,  that  the  eapiilary  walls  act  in  a 
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setTftorv  manner,  as  di>  tlie  walls  of  the  lynipliatic  eluuinels.  This 
wuulil  in  some  measure  exphiiii  the  ilitl'ereiiee  lietwecti  iiiflaiimia- 
torv*  exudate  and  dropsical  litjtiids.  The  exudate  |ilavs  an  ini- 
|Ktnant  »<5/f  in  iiiflamiiiatitin.  It  ^serves  as  a  diliieiit  oi'  noxious 
biKlies,  and  brings  I'rom  the  hlo<j<l  suhstaiiccs  that  dotrnv  the 
irritants,  or  takes  into  its  soiutiivn  similar  siihstaiices  (roiii  the 
secretions  of  leukocytes  or  from  the  prfnlnetstif  tliuir<iejreiienittin). 
(.Occasionally  it  \\n&  the  unfavoraliie  action  of  carrvin^  awav  and 
thus  spreading  throughout  the  system  the  toxic  causes  or  prothicts 
of  the  inHammatioi).  In  the  case  of  tiiiriuoiis  intfatnnuition,  tlie 
fihrin  serves  to  strength-  ii  tlu'  limiting  wall  hy  which  an  iiiHamt'd 
an?a  is  sumtundeiJ.  The  highly  nutritious  ciinracter  of  tlic  liquid 
is  donbtless  of  im[Rirtanre  in  the  proliferatiM'  processes  that  are 
presently  to  be  descriljcd. 

IHnj>a{rM»  of  Rfd  (.'orpuncfeg. — Finally,  a  certain  numher  of 
re<l  corpuscles  escsiiH-  froui  the  oajii Maries  by  diajK-^lrsis.  This  is 
a  purely  pastiive  process  so  lar  as  the  red  corpuscles  arc  concerned, 
l>cing  due  to  pres>ure  of  the  bloo«l.  It  is  particularly  marked 
when  stasis  has  occurred.  In  verv  intense  inflammation  acci- 
dental hemorrhage  by  rhexis  nuiy  add  to  the  IjUmmI  in  an  exu<late. 

3.  Degenerative  Changes  Ib  the  TiBSues. — The  irritant  which 
causes  inflaiumation  may  in  some  cases  (bacteria)  contain  in  itself 
the  agencies  that  excite  the  various  jilicnomeiia  of  iiiHammatiHU — 
vascular  phenomena,  exudation,  degeneration,  and  proliforatiou  ;  in 
other  inflammations  (mechanical,  tliermal,  etc.)  the  irritant  first 
causes  destruction   of  cells  which   libenite  substances  ca])able  of 

f)ro<lucing  the  snccessive  phenomena.  Even  in  the  case  of  bacteria, 
lowcvcr,  the  primary  attack  on  the  cells  and  the  consetjiient  yw- 
<biction  of  noxious  bodies  are  ini|)ortant  factors  in  the  whole 
ppK-ess.  The  first  effect  may  fall  tijHin  the  blo(Ml-\'esscl  walls  or 
upon  the  tissues.  Weigert,  Nenniaun,  and  others  bold  that  the 
"  primary  effect "  in  inflammatitm  is  generally  or  always  this  tissue- 
degeneration,  which  excites  secondary  j>roliferation.  Tliis  is  cer- 
tainly the  case  in  many  instances  ;  and  the  discovery  that  tissue- 
degeneration  leads  to  the  formation  tif  substances  ])ositively 
chomotactic  in  action  would  indicate  the  manner  in  which  inflam- 
mation is  brought  al)out  in  these  cases.  Cellular  degeneration  and 
<leath  are,  however,  occasioned  by  jnircly  mechanical  causes,  as 
well  as  by  the  <lirect  action  of  the  irritant.  Thus  the  pressure 
of  the  exudate  and  the  stasis  of  blood  and  the  conse(|uent  anen>ia 
are  impirtant   factors.     The  degeiicnitive  changes  may  be  merely 

{)hvsii>logic  (some  form  of  altered  functional  activity),  or  there  may 
w  stnictnnd  alterations,  such  as  cloudy  swelling,  mucoid  degenera- 
tion, liquefaction,  fatty  change,  coagulation-  or  other  forms  of 
necrosis.  The  nature  of  the  degeneration  depends  largely  u|)on 
the  severity  of  the  irritation.  Very  powerful  irritants  cause 
necrosis  at  once,  and  not  inflammation.     It  is  the  irritants  which 
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(li-forder,  but  do  not  entirely  destroy,  cells  that  are  esjuH-ially 
apt  to  excite  inrtaruniatioii.  The  eoiiditioii  t>i"  gt:ucrdl  and  local 
\itjdity  is  of  j^reut  iinportanee  in  determining  tiie  extent  of  tlie 
dejjji-nerative  ehun^'c  in  the  tissues.  Thus,  in  states  of  reduei'<l 
jjenend  vitality  catarrhal  iiiHaiuiiiations  with  extensive  ejiithelial 
degeneration  may  he  very  jxT-istent,  ajid  may  subside  promptly 
wiieu  tlie  general  healtli  is  improved. 

4.  Proliferative  Changes. — Sooner  or  later  in  an  inflamed 
area,  and  especially  at  the  [Hriphery,  there  are  evidences  of 
celhdar  prolifcratiitn  which  occasions  the  appearuuee  in  the 
tissue  of  roiitnl  rx'lls  closely  rcseinblinjr  the  monouiu-lear  leuko- 
cyte.s.  They  ditl'er,  liowevcr,  in  being  sumewhat  larger,  in  having 
a  larger  and  pater  niiuleiis,  which  is  ronntl  or  oval,  and  in 
their  freipieutly  exhibiting  eviilcnecs  of  karyokiuesis.  The 
roiHul-eell  intiltr.ition  of  the  chronic  iuflamination.s,  in  which  pro- 
liferation of  the  connective  tissue  is  conspicuous,  diliers  from  that 
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Fio,  S.— New  blood- vvsiK'lis  aud  Hbruljln.itic  (^t'lls  In  «  beginning  adhesion  of  the  p«ri- 

curilUI  liiyura. 

of  acute  iuHauimations  in  the  predominance  of  cells  of  the  lym- 
phocytic form.  These  cells  are  derived  from  pre-existing  connec- 
tive-tissue cells,  Virchow  held  the  })roliferative  changes  to  be  the 
essential  feature  iii  iuHanimatiuu,  lunt  believed  that  all  round  cells 
have  this  origin  ;  I'oluihcim  denied  the  occurrence  of  pmiifenition, 
and  ascribed  to  emigr.ition  the  essential  rolr.  Later,  it  was  held  that 
the  proliferative  changes  are  not  in  reality  a  piirt  of  inflammation, 
but  rather  reginenttive  aud  lor  the  purpose  of  repairing  the  tissue- 
injuries  after  iuflamuiation  (Fig.  '^d).  At  the  present  time  we 
must  regtird  as  factors  in  inHj'.mmjitinn  both  emigration  and  pro- 
liferation, whether  the  latter  in  any  individual  case  is  due  to  direct 
stimulation  of  the  cells,  or  is  see<iudary  to  destructive  changes,  or 
is  nu.Tely  tlu'  result  of  increase  of  uulrition  from  the  inflammatory 
congestion.  It  is  conjectured  by  some  that  under  chemotactic 
influences  the  cell-contents  of  fixed  cells  are  incited  to  movements 
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t4.-rminating  in   karvokinesis,  just  as  x\w  wlmle  cell  is  infiiioneed  id 
the  cuse  of  inovulile  cells.     The  prolifi'nitiDii  of  tlic  fixctl  couiu'c- 
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tive-tissue  cells  may 
time  after  the  exudative  chniijj^'fi  nave  taken  place.  The  ncw-foniied 
cells  have  at  first  the  ehann'ters  altove  clfbcrilu-d,  but  hUer  they  he- 
come  irregular  iu  slia|>r  ami  umny  of  tlieiti  sjiindli-  slia|«'d  (Inriiia- 
tive  cells).  In  chmuic  inHuinuiations,  espcfially  su<'h  iis  surrnuinl 
foreign  bodies,  giant-cells  an-  t'nund.  These  liavr*  distinct  ]iha<ro- 
cytic  functions.  They  are  ])r<>bably,  for  the  timst  [vart,  fonueil  by 
confluence  of  a  number  of  cells,  and  when  their  purpose  is  ful- 
filletl,  divide  into  the  component  ]>aris.  Siune  giant-cells  are 
jHissibly  the  result  of  divisinu  of  the  original  nucleus,  with  growth, 
but  non-division,  of  tlie  protoplasm. 

ftranulation  Tiisiic. — When  the  proliferative  changes  are  ac- 
tive, new  blotxl-ves.scls,  fonned  by  multiplication  <if  the  endutlie- 
liuni  of  the  pre-existing  vessels,  are  a  conspicuous  feature.  These, 
surrounded  by  the  various  forms  of  leirkcK-ytes  al>ove  described, 
together  with  round  and  iiTcguhtr  connective-tissue  cells  and 
sometimes  giant-cells,  constitute  gr:iiHiliitiitn  tissue  f see  also  Repair 
of  Woimds  and  Hcgcnenitimi).  I'tMililcnitivc  changes  alsu  ni'cur 
in  the  jjarenchyniatous  cells,  but  these  are  strictly  regenenitivc  in 
nature. 

Etiology. — Irritation  by  mechanical,  chemical,  thermal,  or  in- 
fectious agents  causes  intlammation  when  it  is  severe  enough  to  tlis- 
turb  the  vit^ility  i)f  the  tissue  and  not  sufficient  to  cause  extensive 
necrosis  at  once.  When  the  irritant  is  brought  to  bear  upon  the 
tissues  directly,  there  is  probably,  first,  cellnlegcneration,  fol- 
lowed by  vascular  disturbances  and  emigration.  When  the  irri- 
tant acts  through  the  blood,  vascular  disorders  probably,  as  a  rule, 
precede  the  tissue-changes.  Micro-organisius  may  act  by  first  de- 
stroying the  cells,  or  may  liijcratc  from  their  substance  some  poison 
(protein)  which  is  irritant  and  clicmotactic.  I tisturbaiices  of  cir- 
culation, innervation,  or  metabolism  may  so  alter  cellular  processes 
as.  to  occasion  the  pruihiction  ot'  irritating  and  I'hemotaetic  j)ro«hicts. 

Special  Fontis  of  Inflammation. — Various  chissific4itions 
may  be  used  in  describing  forms  or  types  of  inflammation.  The 
most  natural  is  that  which  follows  tlie  anatomical  changes.  Thus 
we  may  distinguish  (1)  exialiiliir  inflammation,  or  the  form  in 
which  the  fluid  and  cj.'llular  exudation  fr<nn  the  blood-vessels  is 
the  predominating  element  in  the  pathologic  prcwess;  (2)  pairn~ 
rhiffiKitoiiJi  or  degenerative  inflammation,  or  the  form  in  which 
destruction  of  the  parencliyuia  cells  is  the  leatling  feature  ;  and 
(3)  productive  inflammation,  in  which  proliferation  is  the  .striking 
characteristic.  The  nature  of  the  cause,  as  well  as  the  resistance 
of  the  organism  or  of  the  affected  part,  determines  the  particular 
form  in  a  given  case. 

A  number  of  sulwarieties  mav  be  described,  but  it  must  alwav» 
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ilicrt'il   tliiit  tlie  th 


reiiieuilicrt'd  tliat  tlie  tliree  piXH-'csses  cxudatitiii,  (logciienitliin, 
ami  jmilifcnition  arc  pn'Sfiit  in  greater  or  less  degree  in  all  forms. 

T3rpes  of  Inflammation. — 1.  Edematous  or  serous  inflamma- 
tion is  cli:iracterizeJ  h\  a  enjiious  exudatittn  of  Huid  with  com- 
paratively little  cellular  matter,  as  iu  edema  of  the  larynx,  serous 
effusions  in  the  serous  !«acs,  ete.  The  hjcal  forms  of  edematous 
or  serons  inflammation  are  usually  expressions  of  intensely  irritant 
Ciiuses  ;  the  serous  inflammations  of  serous  cavities,  however,  are 
not  necessarily  of  this  severe  grade.  Indeed,  in  many  cases  serous 
inflammation  may  bea  mild  subacute  orciirnnie  process,  which  may 
subside  gradually,  leaving  the  serous  mendtranes  slightly  thick- 
ened or  adherent.  The  fluid  in  inflammatory  exudations  differs 
from  dropsical  fluid  in  containing  more  albumin  and  tibrin- 
factors. 

2.  Fibrinous  Inflammation. — The  ]dasniatic  and  cellular  exudate 
may  form  a  fibrinous  inemhraue  on  free  suriaces  or  a  network 
within  the  tissues ;  this  is  termetl  fibrimms  inflamniation. 

In  puri'ly  fil)rinHUs  inflammations  of  serous  surfaces  there  is  a 
whitish  <ir  yelluwish-white  deposit  of  variable  thickness,  which  is 
mure  or  less  atlliennt  to  the  underlying  surface.  \\'lien  removed, 
tliere  are  seen  beneath  it  a  nuire  or  le.-^s  proniiunced  injection  of  the 
1 1  loud- vessels  and  roughness  and  rawness  of  the  surface.  This  is 
due  to  iH'ginning  grnmilations  (see  Repair  of  \\'ounds).  Micro- 
scopically the  tihrinourt  deposit  consists  of  an  irregularly  amiiigiHl 
mass  of  fibrillar,  granular,  or  homogeneous  fibrin,  with  leukwytes 
and  endothelial  cells  (more  or  less  degenerated)  enclosed  in  the 
deposit.  It  is  dnubtf'nl  if  fibriufnis  inflammation  can  ever  occur 
indcpciidcntly  of  ilestruction  of  the  fixed  cells.  In  other  words,  it 
is  duid>tful  if  the  fihrinous  exudate  is  ever  purely  an  exudate. 
Some  exjK'rimcntcrs  have  descrilied  fibrinous  inflammations  of  ser- 
ous .surfaces  with  an  unbroken  lining  of  cnilutlieliat  cells  under 
the  fibrinous  deposit,  and  have  concluded  tiiat  the  fibrin  is  wholly 
exudative.  Others  regard  the  large  cells  as  cells  of  lymph-spaces, 
and  nut  tlie  original  surface  cells  ;  and  consequently  conclude  that 
cellular  destruction  plays  a  ])art  in  the  fihrin-fbrniatiou.  Fibrinous 
inflammation  is  often  a,s.s<>riated  with  serous  exudation,  and  the 
term  ficfo-ji/»-iiinun  is  applied.  In  other  cast's  {es|ieeially  in  jK-ri- 
toneal  inflammations)  tiu-  exudate  is  likely  lo  hcconu'  purulent — 
Jibrimi-jmnthHi  infiummatiou. 

Inflammations  of  the  serous  membranes  are  nearly  always  more 
or  less  fihrinous. 

3.  Diphtheritic  inflammation  differs  from  the  last  in  having 
as.sociated  with  the  coagulation  of  the  exudate  decided  coagulation- 
necrosis  of  fhc  cells  of  the  part  inflamed.  The  difference  is  one  of 
degree  rather  than  of  kind,  and  is  largely  dependent  upon  the 
character  of  the  tissue  in  which  the  intlanimatiun  occurs,  diph- 
theritic inrtamraation  occurs  especially  in  ihe  jdiarynx  and  larynx. 
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where  it  occasioas  pseudoiiifmhranes  (Fifj;.  30).  This  is  most  fre- 
quently due  to  th<'  specific  cause  c<i"  the  ilisea.se  callc'<l  diphtheria  ; 
but  diphtheritic  inflamiiiatiDU  may  result  I'roni  a  variety  ot"  severe 
irritations,  such  a.s  i:)acteria,  superheated  steam,  and  clieinieal 
irritants.  The  diphtheritic  mciiil>r.ine  consists  ot'  a  network  of 
fibrin  or  of  homogeneous  or  irranidar  ri!>rin-masses  enelo.-ing  ile- 
generated  epithelial  cells  and  einif^rated  leukocytes.  Siiuetiiues  it 
is  quite  superficial,  involving  only  the  surface-layer  of  epithelimn  ; 
at  other  times  the  whole  depth  of  the  mucous  mer)d>riuie  is  imjili- 
cated.  The  former  are  sometimes  called  croupous  ami  tlie  latter 
diphtheritic  false  membranes.  These  terms,  however,  are  ill-de- 
fined and  objectionable. 


r' 
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Vm.  30.— PMUdomembranous  intlnmiriAlton  of  tliu  nvula:  a,  niAsst:!)  of  micrococci;  b, 
necrotic  cells;  c,  round-cell  innitrntion  i  rf,  librin-nctwcirk  (Zlv|;l«r). 


^ 


4.  Suppurative  inflammation  is  rharactcrizrd  by  unusual  abun- 
dance of  emigrated  leiikoi-ytes  and  by  the  tendency  to  lique- 
faction. Bacteria  are  most  iVcMpiently  the  cau.se;,  but  it  has 
been  shown  experimeiilally  that  croton  oil,  calomel,  tiiriK'Htine, 
and  other  suiistances  are  capable  of  pro<liifiu<;  suppuration.  Of 
the  bacteria,  the  eummonest  are  the  siHcalled  pynjicnic  stajiliylo- 
cocci  and  strepttn-occi ;  liut  numerous  forms,  not  essentially  pyo- 
genic, may  liccasionally  prove  so.  8ueli  are  the  bacillus  of 
typhoid   fever,   the    gonfK'occus,   the   Bacillus   coli,   and   others. 

The  implantation  of  bacteria  of  suppuration  at  the  point  of  dis- 
ease mav  take  place  directly  through  wounds,  nr  somewiiat  indi- 
rectly through  small  abrasions  in  the  various  mucous  membranes. 
Some  local  injury  may  then  serve  to  determine  the  supiHirative 
inflammation  at  a  given  place. 

Recent  studies  ascribe  to  chemotaxis  t!ie  important  r6le  in  the 
action  of  bacteria  in  inflammation  ami  sujijiuratiini.  Either  the 
products  of  the  bacteria  or  substances  tlerived  from  their  own 
protoplasm  (bacterioprotein — Buclmer)  exercise  a  powerful  chem- 
otactic  influence,  and  thus  occasion  the  massing  of  emigrated 
8 


TEXTBOOK  OF  PATHOLOGY 

leukocytes  (Fig.  31).  Tlic  same  or  similiir  substances  further 
prevent  iiUrin-fnrmation  or  cause  a  solution  of  fibrin  already 
formed,  and  tliti.s  tlie  exudate  liquelies  and  forms  pus.  The  firm 
packing  of  exudative  cells  and  tlie  j)ressurc  caused  by  vascular 
tnrgescenee,  as  well  as  the  anemia  caused  by  stoppage  of  circula- 
tion 1)V  stasis  anil  intravascular  tliroinbosis,  are  additional  factors 
that  lead  to  dcirencnitive  changes  and  pns-forniation.  Pus  con- 
sists of  a  li(jui<l  jmrt,  the  ll'ptor  purw,  a  modified  blootl-plasma, 
which  differs  I'roni  ordinary  plasma  in  being  less  coagulable  and 


Fio.  31.— Embolic  nlywi'ss  In  the  myocardium,  shmrinsr  Bccumulntlon  of  Urge  namben  of 
ItnikiK^yteH  (Kiirx  and  Scnmorl). 

containing  notable  quantities  of  idbumose  (peptone),  and  a  corpus- 
cular part,  consisting  chiefly  of  multinuclear  leukocytes  more 
or  less  degcnenited.  Some  proliferated  connective-tissue  cells  or 
wandering  cells  may  be  ailded  fron]  the  neighboring  ti.ssue,  but 
these  constitute  but  a  minority  of  the  whole  number.  The  piis- 
cells  present  a  distinctly  granular  protoplasm  and  fragmented 
nuclei. 

AbBcess. — When  suppuration  occurs  in  the  substance  of  a  tissue 
or  organ,  the  lesion  is  ealleil  an  (ibsccus.  This  consists  of  a  collec- 
tion of  pus,  which  usually  has  a  cn'amy  yellow  color,  but  may  be 
variously  altered  in  odor  or  color  by  subsequent  changes.  Around 
the  abscess  the  tissues  present  the  proliferative  changes  described 
as  part  of  inflammation.  There  are  numerous  roiuid  cells,  differ- 
ing from  em  ignited  leukocytes  and  showing  karyokinetic  figures 
in  the  nuclei,  ami  there  are  new  blood-vessels  and  beginning 
organization  (see  Hegenenition).  Fibrin  in  the  form  of  interlacing 
threads  or  in  masses,  tlie  pn>duct  of  coagulation-necrosis,  adds 
to  the  embankment.  This  restraining  wall  was  formerly  erro- 
neously reganled  as  a  pus-producing  membrane,  and  therefore 
called   the  pyogenic   membrane.     Abscesses    tend    to   soften    the 
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surrounding  tissues  in  the  direction  of  least  resistance,  and  thus 
to  break  on  the  surface,  discharging  tlioir  contents  by  sinuous 
tracts  or  sinuges.  Sometimes  the  pus  of  an  abscess  becomes  in- 
spissated by  absorption  of  the  lifjuid  part,  and  the  residue  under- 
goes various  degenerative  changes,  such  as  mucous,  fatty,  or 
calcareous.  At  the  same  time  the  surrounding  meuibnine  ad- 
vances to  complete  organizjition,  and  thus  encapsulates  the 
abscess. 

Ulcer. — Suppurative  inflammation  witli  erosion  of  aroas  of  the 
skin  or  mucous  surfaces  occasions  uhers.  These  have  the  same 
histologic  construction  as  the  wall  of  an  abscess,  the  base  of  the 
ulcer  being  the  same  as  the  pyogenic  membrane.  In  it  nuiy  be 
seen  small  red  points  or  grauuUitiuus,  wludi  consist  of  loops  of 
capilhirv  blo<xl-vessels  surruunded  by  mund  cells.  (Tlie  his- 
tology of  granulatiou-tisiiue  is  mure  minutely  describetl  under 
RegKnenition.) 

The  appearance  and  pathologic  course  of  ulcers  vnry  widely.  Some- 
times rapid  dwtruction  of  the  tissues  causes  large  ami  spreading  ulcers, 
caWe>\  phmiedenic.  Others  extend  in  one  liirection  wliile  iiealiiii;  in  other 
parts,  and  are  called  nerpigimnu.  The  gramilatiuns  may  be  t>»i  rapid  in 
growth,  forming  red  fungous  mai?ses  (jiroud  flesh)  which  fill  up  the  ulcer. 
In  other  cases  the  ulcer  remains  dry  and  indoltnt,  showing  little  tendency  to 
heal. 

Some  ulcers  are  not  primarily  of  infiaiiimntory  origin.  For  example,  the 
round  or  peptic  u/cer  of  the  stomach  is  formed  by  digestion,  through  the 
action  of  the  gastric  juice,  of  a  part  of  the  stoniiich  which  has  become 
lowered  in  vitality  or  possiblv  necrotic.  SiiiTilarly.  the  beginning  change  in 
ihe per/nraiintj  u/cfr  of  the  /out  in  tabe^  ami  in  lieiubitus  (bed-sores  and 
other  forms  of  pressure  ulceration)  is  not  iuflamuuitory,  but  rather  necrotic. 

Suppurative  inflammations  of  serous  membranes  lining  closed 
sacs  cause  collections  of  ■\\n<  in  the  cavities.  The  pus  usually 
contains  more  or  loss  fibrin,  and  there  is  a  fibrino-piirulent  exu- 
date on  the  serous  surface. 

Suppurative  inflammation  of  the  skin  and  subcutaneous  tissues 
may  lie  localizetl  or  ditfiise.  Of  the  locixlized  type  there  are 
various  pugtules,  furuncliH  or  hoils,  and  citrhunc/ex. 

A  furuncle  is  a  suppurative  and  necrutic  inflammation  be- 
ginning in  one  of  the  sweat-glands,  .-icbaeenus-glands,  or  liair- 
loUicles.  A  carbuncle  is  a  more  extensive  l)Ut  similar  process 
beginning  in  several  of  the  glands  or  hair-follicles  simultaneoui^ly, 
and  causing  considerable  necrosis  or  gangrene  of  the  skin  and 
subcutaneous  tissue. 

5.  Catarrhal  Inflammation. — This  term  is  u.'ieil  to  designate  in- 
flammations of  mucous  membranes.  The  character  of  the  inflam- 
mation depends  to  a  large  extent  upon  the  individuality  of  the 
mucous  membrane  affected,  ditfcring  greatly  in  the  nose,  throat, 
stomach,  bowel,  etc.  There  is  always  considerable  congestion  of 
the  macosa,  and  generally  a  great  deal  of  serous  exudation,  which 
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is  diBolnr*i;etl  from  the  surface  as  a  rulo,  but  is  to  some  extent 
retained  in  the  tissue,  causing  edematous  swelling.  This  is 
especially  marked  when  the  snhmucosa  is  considenihly  implicated. 
The  epithelial  cells  of  the  surface  sutfer  degeneration  (mucous  or 
fatty)  and  necrosis,  imd  are  discharged  with  the  serous  exudate ; 
they  may  be  recognized  as  goblet-cells  (mucous)  or  as  granular 
cells  (fatty)  or  as  fnigraented  necrotic  structures.  Coincidently 
with  the  semus  exiidati<jn,  and  in  greater  mea:^ure  after  the  latter 
has  become  less  marked,  leukocytes  escape  from  the  blood-vessels 


/': 
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Fro.  S2.— Acute  broncliinl  cntarrb,  ghowing  the  cociipe  of  Icukiwytes  ttom  the  labmoo 
tlisne  between  the  eplthelUl  lining  cells  (Thoma). 

or  emigrate  from  their  rosting-plaoes  in  the  submiieosa  and  make 
their  way  to  the  surface  between  the  epithelial  cells  (Fig.  32). 
When  in  great  abundance  (as  in  some  nasal  catarrhs)  the  proces® 
may  be  a  purulfut  or  nuppnrativf  one ;  more  frequently  there  is 
sufficient  mucus  to  reijuire  the  term  muco-purulcnt.  k>uj>erficial  ero- 
sions of  the  e[)ithelium  and  hemorrhages  am  frequently  met  with. 
When  catarrhal  inflammations  are  ehrnni(\  there  is  usually 
considerable  proilnclivr  injiiiiiun'ttion,  with  ennsequi'nt  thickening, 
and  later,  when  the  now  fibnms  tissue  contracts,  thinning  of  the 
mucosa.  In  some  cases,  however,  progressive  thinning  of  the 
mucosa  occurs  without   previous   productive   changes.     This   is 
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especially  marke<I  in  the  bowel,  where,  doubtless,  constant  dis- 
tention plays  an  iniiKH-tant  part.  Wlien  tlie  contractions  of  the 
til>ruus  tissue  are  irregular,  the  nuico»a  between  the  tibroii:«  areas 
may  be  elevated,  es{>ecially  if  there  is  at  tiie  sjinie  time  prolifera- 
tion of  the  surface  epitliiliiim  and  the  glandular  ckments  in  the 
mucosa.  In  sucii  cases  a  ';ranular  surface  or  polypoid  elevations 
result.     These  are  common  in  the  stomach  mul  ihc  bowcU. 

6.  Parenchymatous  or  Degenerative  Inflammation. — This  term 
may  be  a|)plicd  to  cert;iin  inHaniniatious,  such  as  forms  of  nephritis, 
in  which  degeneration  (cloudy,  fatty,  etc.)  of  the  jiareuchyrna-cells 
is  more  conspicuous  than  the  exudative  processes.  The  term  diffuse 
inflammation  is  more  appropriate. 

7.  Productive  Inflammation. — In  this  form  tiie  proliferative 
changes  predominate  over  exudaticm  and  degenenition.  This  may 
be  due  tl»e  extent  of  the  primary  tissue-injury  or  to  x\w  nature  of 
the  cause.  Chronic  inflammations  are  always  more  or  less  pro- 
ductive in  type.  Wiietlier  the  rcfrent^rative  proce.sises  are  always 
reactive  and  consequent  u{>on  primary  destruction,  or  may  be 
stimulated  directly  by  the  irritatit,  is  imsettled.  This  form  of 
inflammation  is  often  called  iydcrdilial  when  occiirriupf  in  tlie  sub- 
stance of  organs. 

Repair  of  Wounds. — Productive  inflnmiiiation  is  well   illiis- 
trate<l  in  the  healing  of  woimds.     If  the  lips  of  a  clean,  incised 
woimd   are  drawn   together   at   once   anil 
kej>t  closely  ap|M)sed,  rapiil  healing  («'ciirs, 

wliii;h  is  called  healing  hij  immcHatf  ]itii<iii.  

In  these  cases  a  microscopic  examination  ■  vMMltTOwByfflHt^ 
shows  slight  exudation  from  the  surfaces 
of  the  wound  and  proliferated  eoiineetive- 
tisaue  cells.  Tlie  epithelial  continuity  is 
restoreil  by  pr(.)liferati()n  of  the  old  epi- 
thelial cells.  Should  apposition  lie  less 
irame<liate  or  less  accurate,  the  ainoimt  of 
exudation  is  greater.  If  the  wonndpd  sur- 
faces are  e.xaminetl  twenty-four  hours  after 
the  injury,  they  are  found  red  and  swollen 
and  soon  they  become  glazed  in  appear- 
ance. The  micn^scopic  features  lierc  are 
ll»e  same  .as  in  the  case  of  healing  by 
immediate  union,  excepting  the  anioimt  of  exudation  is  greater. 
Hiding  proceeds  in  the  same  way  but  more  slowly,  and  is  called 
heittituf  bij fird  ininUion.  In  neither  case  is  th<ir  great  congestion. 
If  the  wound  Im-  irritated  by  foreign  iwlies  or  kept  exix)sed,  there 
will  Ih?  seen  on  the  surfaces,  after  two  or  three  days,  small  red  eleva- 
tions, known  as  ifntnu/ntioiiK,  whi<-h  consist  of  loons  of  new-i'ornie<l 
fapUlaries  cnvere<l  by  emigrated  and  new-fomiea  round  cells,  and 
~*  aetimes  (after  longer  intervals  of  time)  giant-cells  (Fig.  33). 


Fio.  3Sl.— I/«)ri»  of  WckmI- 
veaaels  In  grantilntlontiMUO 
(Thlenchi. 
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When  infected,  the  surface  may  be  covered  with  considerable  pus. 

The  proliferated  round  vf\h  grnilnidly  elongnte  and  form  new 
filirourf  tissue  (see  Regeneration!,  wliicli  afterward  eontnicts,  form- 
ing ricittrici-.'f  or  scarti.  Tlic  ipitlu'liai  continuity  is  re-establishetl 
l»y  multiplication  of  the  old  epithelial  cells  at  the  edges  of  the  J 
wound.  This  form  of  healing  is  called  heating  by  second  intention  fl 
or  lulling  btf  f/fdnnlntions.  ^ 

The  formation  of  adhesionB  fciUtiwing  inflammation  of  the 
serou.s  siirfiiees  m-ciirs  in  niiicli  the  sniii-  way  as  wonnds  heal. 
The  i)rimary  e.xndntinn  i.-:  largely  fibrinous  and  eauses  agglutiua- 


^^ 
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Fio.  St.— Adhesive  pprlvardltU,  nhowins'  HI>rtnHlep<i5il.  with  new  blood-vesseli  eztenrlliit: 

upuani  into  it  (Perls). 


tion  of  neighboring  surfaces.  Sub.«e<jtiuiitly  the  ]>ro]ifi.'rated  con- 
ncctive-ti.'!.«iue  cell.-'  penetrate  this  tihrinoLis  exudate,  as  do  newly 
formed  h!ood-ve.«sels  iFig.  34).  Thus  a  union  of  vascular  channels 
is  effected  between  the  adjacent  inflamed  surfaces,  and  org-auization 
follows. 

Precisely  similar  eiiange*  occur  in  tlie  tissue*  surrounding  a  foreign 
lx)dy,  as  a  [)ioce  of  spouge,  or  nrnuncl  a  jiortion  of  dead  tissue.  In  these 
cases  the  exudative  ami  ]>ro! iterated  cells  tend  to  penetrate  into  the  foreien 
mass,  as  occurs  also  in  the  organization  nf  thrciaibi.  There  is  also  m 
these  eases  a  jrreater  tendency  to  the  formation  of  giant-cells  (by  con- 
fluence of  cells  or  to  a  less  extent  by  division  of  nuclei  without  division 
of  the  cell-body)  than  in  ordinary  granulations.  If  the  foreign  mass  can 
be  softened  anti  ab^orherl,  this  gradually  occurs,  and  later  merely  a  scar 
will  remain;  if  it  cannot  he  absorbed,  connective  tissue  encloses  or  encap- 
sulates it. 
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General  Fibrosis. — A  tendency  to  widespreatl  productive  in- 
flammation is  noted  in  eertuiii  individual.  Tais  atfucts  the  liloml- 
ves.sels  especially  (general  arterificajtilliiry  tiljrosi.s,  general  angin- 
eclerosis),  and  also  the  liver  (cirrhosis  of  the  liver),  t\iv  kiilueys 
(interstitial  nephritis),  and  other  organs  (Fig.  35).  Tlie  eause  of 
tliese  changes  is  supjiosed  to  be  some  genend  intoxication — 
alcoholic,    gouty,   gyphiiitio,  or  the  like. 
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FKi.  K.— Chrmilc  Intentlllal  nephritis:  great  Increme  of  connective  tissni' iirnuiid  the 
(tlomemll,  reual  tubules,  and  Dlood-veuels ;  from  a  cue  of  urteriucapUUiry  (ibrosts. 

Productive  inflammation  may  affect  other  tiissues  than  the  fihrouiJ 
connective  tissues.  Kef'ereiiei'  has  already  been  made  to  cjii- 
thclial  proliferation  in  the  healing  of  wounds.  Similar  <'[)itln'lial 
pn>ces.scs  of  greater  activity  or  dui-ation  may  lead  to  warty  gruwtlis 
of  the  skin  or  polypoid  outgrowths  on  the  mucous  membranes.  In 
pharv^ngeal  catarrhs  considerable  prolifenUion  of  the  adenoid  tis- 
Bue^  is  not  unusual.  So  also  thiclvL'tiiiig  of  cartilages,  bones,  or  the 
periosteum  is  not  an  unusual  result  of  inflammation  of  these 
structures. 

8.  Hemorrhasic  Inflammation. — More  or  less  diapodesis  of  red 
corpuscles  generally  occurs  in  inHanmiation  ;  but  sometimes  the 
irritating  cause  falls  with  sueii  jK'culiur  force  on  the  bloml-vessels, 
or  the  general  condition  of  the  patient  (cancer,  tubereulnsis,  hemo- 
philia, scurvy)  is  so  unsatisfactory  that  the  exudate  is  unusually 
rich  in  red  corpu.scles.  These  are  always  serious  intlamnuitions, 
and  are  to  l)e  distinguished  from  ordinary  inflammations  in  which 
accidental  hemorrhage  occurs. 

9.  Necrotic   or   gangrenous  inflammations   likewise  depend  for 
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then  <HX*urreiice  upon  tlit'  severity  of  tlie  irritation  or  the  state  of 
the  pcnenil  system. 

Pathologic  Physiology  and  Pathogenesis. — Inflamma- 
tion represents  increased  and  altered  activity  of  tissues  as  a  result 
of  irritation  ;  its  primary  object  is  the  removal  of  the  irritant. 
In  this  process  no  new  frtrces  or  activities  are  involved  :  the 
phenomena  are  all  observed  in  normal  tissues,  though  to  a  less 
degree  and  in  more  orderly  behavior.  The  liquid  and  cellular 
exudation  has  its  prototype  in  the  formation  of  lymph  and  in  the 
normal  wandering  cells  of  the  tissues  ;  the  increased  vascularity  is 
the  result  of  increased  demand,  and  is  abimrmal  in  degree  only ; 
the  cellular  destruction  is  an  accentuation  of  the  ordinary  death 
of  cells  resulting  from  wear  and  tear,  though  the  form  of  the  cell- 
destrtiction  is  more  violent  and  probably  different ;  the  post-in- 
flammatory regeneration  is  effected  by  karyokinetic  multiplication 
of  cells,  as  in  normal  tissues. 

In  the  removal  of  the  irritant,  phagocytosis  (q.  v.)  is  im- 
jKirtant;  it  isaecoiit])li^lied  by  the  leukocytes,  and  to  a  less  extent 
by  endotiielial  cells,  the  wandering  connective-tissue  cells,  and 
giant-cells. 

The  functional  activity  of  a  jKirt  the  seat  of  inflammation  is 
often  increased,  though  somewhat  altered.  An  inflamed  gland 
may  produce  an  excessive  but  abnormal  secretion.  In  other  cases 
fuucti<mal  activity  is  lessenetl ;  chronic  inflammations  almost  cer- 
tainly lessen  functional  action. 

Resolution  after  Inflammation. — In  cases  of  tri\nal 
exudation  the  emigrated  leukocytes  may  re-enter  the  blood-cur- 
rent or  may  escape  through  the  lymphatics.  The  liquid  exudate 
is  similarly  dispnsed  of;  while  the  proliferated  connective-tissue 
cells  remain  in  loco  or  become  wantlering  cells.  When  the  exu- 
date is  more  abuntlant,  the  liquid  elements  may  be  removed  in  the 
same  way,  but  the  cells  first  undergo  degenerative  softeninir  and 
are  reduced  to  the  form  of  an  emulsion,  which  is  gradually  ab- 
.sorbed.  In  puridoit  inflammations  the  pus  may  be  discharged 
through  external  openings  or  into  cavities  of  the  body  or  may 
become  inspissateii  (see  I'lirnlent  Inflammation).  The  degenerated 
parenchyma  in  inflammation  may  recover  if  the  degeneration  is  not 
severe,  or  may  be  soitened  and  removed.  Phago<'ytic  cells  often 
play  a  prominent  part  in  the  removal  of  broken-down  cellular 
remains,  pigment-ma.sscs,  and  the  like. 

The  reparative  changes  in  inflammation  may  be  so  slight  a.s  to 
lead  to  no  discoverable  lesion  after  the  ])rocess  is  completed; 
but  when  large  damage  has  been  dime  there  is  apt  to  be  a  jierma- 
nent  scar  or  some  other  productive  lesion. 


Ij^flammation  Ayn  regeneration.  rn 


REQENERATION. 


Definition. — The  term  regencrution  is  applied  to  tlie  forma- 
tion of  new  cells  or  tissues  to  take  the  place  of  those  destroyed. 
Regeneration  may  be  physiologic  or  patholotric.  The  former  is 
that  which  o<'ciirs  in  the  normal  life  of  the  iirg;inism  and  by  which 
the  cellular  wear  and  tear  is  eountorlwlaiiced.  Pathologic  regen- 
eration is  the  more  massive  and  ut\eii  atypical  reconstruction  that 
follows  disease  or  injuries.  Regeneration  is  one  of  the  essential 
elements  in  inflammation,  as  has  been  shown  in  the  preceding 
pages,  but  it  is  not  always  an  iiitlamniatory  process. 

Htiology. — The  cause  or  mechanism  by  wliicii  normal  regen- 
eration is  bn)uglit  about  is  more  ar  less  obscure.  The  cells  liave 
an  inherent  tendency  (o  mtilti|>ly,  and  this  goes  on  to  a  certain 
point  at  which  the  nornud  developiiicrjt  is  cciniplete.  This  limit  is 
pn>hably  maintained  by  some  restraining  influence,  but  the  nature 
of  this  is  unknown.  In  the  skin  and  nmcous  membranes,  where 
physiologic  regeneration  is  most  active,  new  cells  are  constantly 
pnKlnced  and  the  older  cast  ofl'.  In  what  manner  the  balance  is 
so  maintained  that  produetinu  and  destruclioii  keep  their  eijual 
pace  is  as  yet  matter  oidy  for  sjXMnilation.  The  idea  of  action  and 
reaction  occurs  naturally  to  the  mind,  and  it  seems  probable  that 
the  reproductive  pnx;es.Hes  are  d('|>endent  in  some  way  upiin  the 
loes  of  substance.  In  S(jme  cases  the  normal  restraining  influence 
eeems  to  be  deficient  and  giant-growth  results.  In  all  forms  of 
normal  or  physiologic  regencnitiun  tlie  reconstructed  cells  arc 
exactly  like  the  pre-existing  cells,  and  the  status  t)f  the  tissue  is 
unaS'ected.  In  highly-s{>cciali/.ed  cells,  such  as  those  of  the 
ner\"ous  system,  regeneration  seems  to  Ik-  intr.iccllular — that  is, 
the  cells  are  constantly  rejuvenated  by  sujiplies  of  nutriment 
rather  than  reproduced   lit  Into. 

In  p-ithologic  regetienuion  there  seems  to  be  abnormal  stiniu- 
lation  of  the  reprmluction  of  cells  as  well  as  a  reduced  restraint. 
It  is  not  improlwble  that  various  toxic  substances  have  the  poM'cr 
of  stimulating  the  formative  process,  though  this  has  not  been 
actually  demonstrated.  In  all  cases  in  which  regeneration  follows 
roei-hanical,  thermal,  or  toxic  causes  there  is,  first,  destruction  of 
cells,  and  following  this  regeneration.  In  such  eases  the  relief 
from  the  accustomed  pressure  may  serve  as  a  witluli-awal  of  re- 
straint, but  at  the  sjime  time  there  is  doubtless  augmented  form- 
ative energy.  The  latter  may  result  from  the  same  agency  as 
that  which  caused  the  primary  eeil-<lestriietion,  or  it  may  be  due 
to  the  influence  of  fornuitive  irritants  derived  from  the  dying  and 
dea<l  cell.s.  The  denumstratiou  that  micro-organisms  are  able  to 
produce  substances  haviug  a  strong  attractive  or  rejxllant  influence 
upon  leukocytes  gives  some  warrant  to  the  belief  that  similar  sub- 
stances are  at  work  in  the  regenerative  changes  that  accompany 
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bacterial  diseases.     In  the  rase  of  tissue-destruction  due  to  other 

cansps  similar  [trodiicts  jxissilily  play  a  purt. 

Pathologic  Anatomy. — In  tin.-  normal  repencnition  of  cells 
the  process  is  one  of  {jnidiial  rill-mnflijiliciilion  witltoiit  marked 
changes  of  any  sort.  Pathologic  regeneration  may  be  equally 
simple,  but  more  often  there  are  eomplifated  changes  in  tlie  pre- 
existing tissues  and  new  formation  of  hlood-vessels  precctling  or 
aceiim|»iuiying  the  rcgcncnitinn.  The  vasctdar  regeneration  is  a 
necessary  jircliniinary,  having  the  ]nirpose  of  supplying  abundant 
nutriment  to  tlie  tissues  undergoing  pmlifcnition. 

CeU'invltiplieitiiou  occurs  in  two  ways,  the  direct  and  the  in- 
direct. The  former  niethtKl  is  one  of  simple  cleavage,  by  wiiicli 
the  cell  is  divided  into  two  or  more  jiarts.  This  nnxle  of  division 
is  unusual.  The  conmion  niethoil  is  called  iiitHrirf  mymriitnlinu. 
hiri/okiiifxia,  or  kdri^/iiiiitiuilx.  In  this  method  enmplicated  changes 
begin  in  the  nucleus  and  finally  lead  to  division  ol'  the  cell  into 
two  or  rarely  into  several  parts.  It  is  unnecessary  to  reler  to  the 
histologic  stages  in  <letail,  but  in  a  general  way  we  may  describe 
the  pnx'css  as  follows  :  (1)  the  nucleus  of  the  cell  enlarges  and  the 
chromation-fibers  become  thicker  and  less  closely  woven  than 
normally  ;  {2}  (J-shaped  Innps  of  chroniatiu-fibei>i  arnuige  them- 
selves around  a  ccntnd  clear  space  nr  ji'iftir  JichI  to  ihrm  a  iitolhtr- 
wrcnlh ;  (.3)  tiie.se  1ir>j)s  then  imdergo  longitudinal  cleavage  and 
the  separated  part.s  move  one  to  one  jkiIc  and  the  other  tfi  the 
opjMDsite  pole  uf  the  cell,  forming  flattf/httr-.st<irs,  which  eventually 
become  coarse  and  ttaTi  line  skeins  of  new  nuclei  ;  (4)  the  }>roto- 
plasm  of  the  cell  finally  divides  and  the  process  becomes  complete. 

Abnormal  Cefl-divition. — There  are  certain  disorders  of  cell-multiplica- 
tion that  may  be  here  describt-ii.  Karyokine»i»,  instead  of  being  a  regular 
process  of  division  of  the  nucleus  into  two  liaughler-nuclei,  may  proceed 
irregiiliirly.  ijoinetimes  the  process  in  aii/miiulric — i.  e.  does  not  lead  to 
equal  division ;  in  otiier  cases  it  is  vtullipolar,  several  instead  of  two 
daughter-nuclt'i  resulting,  Otlier  less  definite  irregularities  are  sometiiiies 
observed,  and  some  have  held  that  cell-division  may  occur  by  a  process  of 
mixed  karyokinesis  and  amitosis.  It  is  important  to  recognize  that  some 
of  the  forms  of  nuclear  degenerutiun  (kuryorrhexis ;  hypercliroinatoeis) 
may  l>e  mistaken  for  normal  or  abnormal  karyokinesis.  Pathologic  karj'o- 
kioesis  is  most  frequently  seeu  in  malignant  tumors. 

Pathologic  Regeneration. — In  the  reconst ruction  of  areas  of 
destruction  of  surface-epithelium  (iimcous  incndtraties,  skin)  the 
process  of  cell-multi])lication,  as  above  described,  occurs  in  the 
epithelial  ceils  under  and  around  the  area  of  destruction,  and 
eventually  the  surface  is  iully  rcstorcil.  The  .siime  form  of  regen- 
eration may  occur  in  other  surface-cells,  as  those  of  serous  mem- 
branes, and  also  in  the  substance  of  organs  or  solid  tissues  when 
the  cellular  damage  is  slight.  In  cases  of  more  extensive  destruc- 
tion the  connective  tissues  play  an  active  part  and  the  restoration 
is  atypical,  the  new-formed  tissue  containing  a  greater  amount  of 
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connective  tissue  than  the  pre-existing  tissue.  In  the  case  of 
highly  specializfd  tissues,  sufli  as  the  gray  matter  of  the  Imiin  or 
ci)rd,  the  regenenitiou  is  ctmfincM]  to  tlie  sujipitrtiiig  tissues.  In 
massive  regeneration  or  regeneration  of  specialized  tissues,  then, 
the  principal  changes  are  those  afl'ecting  the  cimnective  tissues. 
Regmeration  of  Fibrous  ConitMive.  Tijinue^. — It  is  difficult  to 
draw  a  line  between  the  process  of  inflammation  and  regenenition. 

In  tilt'  latter  process  there  is  al- 
ways some  congestion  and  cellular 
infiltration  (einignvtion  of  leuko- 
cytes) ;  later,  multiplication  of  the 
fixed  connective-tissue  cells  and 
formation     of    blootl -vessels 


new 
occur. 


"di- 

^ne: 
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Fir..  96. — Formation  of  new  blood- 
Tessels,  as  seeo  In  ihe  tail  of  a  tadpolv 
(Aruold). 


Fio.  ST.— Flbrubliuits  funning  fibrous  lluue 
tZlegler). 


^Vioi 


The  multiplication  of  conneetive-tissne  cells  may  lie  more  or  less 
nndant.  The  old  connective-tissue  cells  swell  and  the  nuclei 
divide  liv  karyokinesis,  now  cells  of  rounded  outline  and  with  nitlier 
•ale  nuclei  resulting.  .\t  the  same  time  the  cells  of  the  caiiilliuT 
ilood-vtwsels  become  swollen  and  here  and  there  l»n<ldiiig  prn- 
's.ses  are  sent  outward  (Fig.  3(i).  The.se  may  unite  with  similar 
processes  from  an  adjacent  or  the  same  capillary  and  then  undergo 
central  vacuolization,  which  proceeds  along  tlie  liioji,  converting  it 
to  a  channel  with  here  and  there  tK'w-formed  nuclei  within  the 
irotoplasmic  wall.  The  latter  finally  Ijecumes  differentiated  into 
efinite  endothelial  ]>lates  and  the  new  cajiillary  is  eomjdeted. 
Arrjund  these  eupitlary  ioojis  lie  the  emignited  leukocytes,  ami 
especially  the  new-formed  conncctiv<'-tissue  cells.  The  latter  are 
the  formfitive  cella  of  the  regenerating  tissue.  In  the  case  of 
fibrillar  connective  tissues  they  are  called  Jihroblasts  (Fig.  37). 
The  process  is  practically  the  same  in  the  different  varieties  of 
iinective  ti.«sue,  the  differentiation  occurring  secondarily.  The 
Ormative  cells  become  larger  and  mure  ur  less  eUmgated,  and  the 
formation  of  intercellular  substance  then  follows.  In  the  case 
f  fibrillar  connective  ti.ssue  the  cells  elongate  considerably,  and 
segmentation   of  their  extremities  contribute    to   the   forma- 
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tion  of  the  iiitcrcelliiLir  fibrils.  The  rest  of  the  fibrils  are  formed 
by  cleavage  of  tlit-  huiiuigeneoiis  intL'reollular  substance  in  which 
the  ceils  ;ire  ut  first  cuiliwldetl.  Tlii:-  interuelltihir  sub.stiince,  iu 
part  at  least,  is  tloubtless  a  product  of  cellular  activity. 

When  the  jirocesses  of  regeiieration  hiuc  reached  this  stage 
the  new-formed  tis-siie  consists  of  an  aljiindnnce  nf  round  and 
elongated  cells,  with  a  small  amount  of  fibrillar  intercellular 
substance.  Subscf|iiently  the  latter  increases  in  amount  and  by 
contRtctinii  further  adds  to  its  density.  During  this  late  stage  the 
number  of  cells  becomes  less  cnnsidenible,  and  eveutiiatly  there 
may  be  only  here  and  there  a  cell  emiicdded  in  dense  bands  of 
fibrils.  Nearly  always,  however,  there  is  greater  cellular  richness 
in  new-formed  connective  tissues  than  in  the  norma]  tissues  of  the 
same  kind. 

ftrr/riifrntion  of  other  Connective  T^smies. — The  reconstruction 
of  cartilage  and  bone  may  occur  by  primary  formation  of  ordi- 
nary connective  tissue  and  subsequent  transformation.  This 
is  especially  the  case  when  the  regeneration  springs  from  the 
periosteum  or  from  membranous  connective  tissues.  In  other 
ca.ses,  however,  the  i-egenerative  processes  pro<luce  cartilage  and 
bone  directly.  In  the  regeneration  of  fatty  tissue  there  is  first 
formed  an  ordinary  omnective  tis'jue,  and  subsequently  the  fatty 
deposit  occurs  within  the  cells. 

Regmerailon  of  Prirawhymutous  Tis^iuc. — When  connective- 
tissue  regenemtirm  fnllows  lesions  of  the  parenchymatoas  organs 
the  cellular  elements  of  the  latter  are  n'[)riHluceil  in  some  measure 
at  the  same  time  that  connective-tissue  iiyi)erplasia  is  taking  place. 
The  degree  i if  restoration  of  the  nnrntal  structure  on  the  one  hand 
or  of  formation  of  connective  tissue  on  the  other  hand  depends 
upon  the  intensity  of  the  original  cause  of  destruction  and  the 
extent  of  the  injury.  In  glandular  organs  reprwluction  of  acini 
may  fx'cur  to  a  considerable  extent,  but  these  are  usually  atypical 
in  character.  In  some  cases  this  atypical  glandular  formation 
may  become  pronouncetl,  and  an  adeuutuatous  structure  may 
result.     (Fi>r  further  details  ivgtirding  this,  see  .Adenoma.) 

Regeneration  may  occur  in  practically  all  of  the  ti.ssues  of 
the  body,  though  in  a  varying  degree.  It  has  not  been  shown, 
however,  that  the  large  nerve-<'ells  are  cajvable  of  proliferation, 
though  the  occurrence  of  such  cells  iu  certain  tumors  suggests 
the  possibility. 


METAPLASIA. 
term  applied  to  the  transformation  of  one 


Metaplasia  is  the  term  applied 
form  of  tissue  into  another  without  the  intervention  of  a  stage  of 
regenenition  by  ceHular  (nultiplication.  In  many  instances  the 
change  consists  of  a  transformation  of  the  intercellular  substance, 
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b,  Cot  example,  when  ordinarv  connective  tissue  is  converted  into 
lyxoraatoas  tissue,  or  tibrillar  connective  tissues  are  altered  to  car- 
ftilaginoas  or  even  bonv  tissue.    The  cells  themselves  sutler  second- 
ary-   changes.     In   other  cases   of  nictai)lasia   the  cells   inay  be 
priniarily  altered,  as  when  ordinarv  connective  tissue  is  changed 
to  £itty  tissue. 


CHAPTER    VI. 
PROGRESSIVE  TISSUE-CHANGES. 


This  term  may  l>e  used  to  designate  patliulogir  comlitions  in 
which  there  Is  a  decided  tenrh-ncy  to  Ibrination  of  new  tissue. 

I  HYPERTROPHY. 

Definition. — The  term  hyjM'rtri>])liy  is  applied  to  u  |)athol(>gic 
condition  in  which  a  certain  j);irt  iiicrcases  biyuml  the  normal 
laze,  without  marked  alterations  I'roin  the  iioriiiai  structure.  The 
term  hypertrt>phy  is  frequently  used  loosely  to  designate  enlarge- 
ments of  various  kinds  in  which  iiut  one  tissue  of  an  organ  is 
increased,  or  in  which  there  is  de])osit  of  abnoniial  exudate.    Such 

Kistances  are  not.  strictly  speakin^;,  casis  of  liypertro[)!iy. 
Etiology. — The  causes  of  hypcrtnipliy  arc  tpiite  numerous. 
n  some  cases  there  is  a  distinct  increase  of  functional  deuiand 
nought  about  in  some  way  or  other,  as  in  the  hypertrophy  ut'  the 
muficles  of  athletes;  in  the  hyjjertrophy  of  a  ki<lnry  after  disease 
or  removal  of  its  fellow  ;  or  in  the  liyp<'rtropliy  itf  a  limb  at'lur 
injury  to  the  ojjposite  liniii.     The  direct  increased    demand   lor 

tvork  occasions  the  hypertrn|>liy.  Sjtnetimes  there  ajijieai-s  to  be 
B  special  tendency  to  liyjM'rtrophy,  as  is  evidenced  by  the  occur- 
l«nce  of  congenital  or  hereditary  giant  growth.  Most  of  these, 
however,  are  instances  of  peculiar  and  abnormal  d<'v<'l(i|)nn'nt, 
rather  than  fif  hyjiertrophy,  the  latter  being  a  ccmdition  dexclnpi-rl 
pathologically  in  jwrts  previously  well  formed.  Disturi>ances  of 
the  nervous  system  may  play  a  part  in  the  develupnicnt  of  some 
hypertrophies,  but  these  iuHuenccs  are  obscure.  Continuetl  conges- 
tion undoubtedly  stimulates  tissue-growth,  but  this  element  is  the 
means  wherel)y  hypertrophy  is  etlected  rather  than  the  original  cause. 
Pathologic  Anatomy. — Parts  the  seat  of  genuine  hyiier- 
trophy  are  uniforndy  increased  in  size.     This  is  well  seen  in  the 

■condition  termed  giant  growth,  or  gigjintism,  in  which  the  bony 
fnmework  and  other  tissues  may  be  uniformly  affected,  the  indi- 
vidual growing  to  excessive  size.  Sometimes  local  giant  growth 
of  the  skeleton  and  external  tissues  is  observed,  as  in   the  case 
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of  one  incuiber  or  a  single  finger.  This  ha.s  often  been  found  in 
corres] Hindi  tig  members  on  the  two  sides  of  the  body.  In  certain 
cases  termed  hypertrophy,  in  which  this  designation  is  more 
or  less  justified,  lack  of  uniformity  in  the  increase  of  the  organ  or 
part  affected  causes  irregular  increase  in  size. 

Histologieally,  liy|)ertrnpl)y  may  be  simplr  or  tntf  hypertrophy, 
and  HUiiwricti!  (hyperphisia).  In  the  former  therc  is  increase  in 
the  size  of  the  iudividual  cells ;  in  the  latter  the  cells  increase  in 
number,  though  the  individuals  are  not  excestjive  in  size,  and 
indeed  oflcn  sniallf  r  than  the  normal  cells.  In  the  hypertrophy 
of  the  uterus  during  pregnancy  and  of  the  heart-muscle  in  com- 
pensatory enhirgenient,  simple  liypertrojiby  j)redomi nates.  Hyper- 
plasia is  very  eonnnonly  a  factor  in  hypertrophy  of  any  kind,  but 
may  be  so  strictly  limited  to  one  tissue  of  an  organ,  notably  the 
connective  tissue,  that  the  term  hyjiertrophy  is  in  no  way  appli- 
cable. Between  these  extremes  there  are  all  grades  of  eases,  in 
many  of  which  it  is  difficult  to  determine  whether  the  designation 
hyijertropliy  is  a|i|(lieabli,'  or  nut.  In  some  eases  the  eiinieal  desig- 
nation hypirinijihif  ctitiiri/ciiinit  is  used,  though  tlie  condition  is 
strictly  one  of  hyperplasia  of  the  connective  tissue,  with  a  ten- 
dency rather  to  atrr>phy  than  hypertrophy  of  the  propcT  snVjstance 
of  the  organ.  Instanees  of  this  are  hypertrophic  cirrhosis  of  the 
liver,  some  eases  of  hypertrophy  of  the  heart-muscle,  etc. 

Pathologic  Physiology. — Hvjjcrtrophy  results  from  an 
increased  demaml  upon  an  orgiui  or  meni[>er,  and  leads  to  increased 
functional  capacity.  Thus  in  tlie  case  of  a  diseased  kidney  the 
opposite  kidney  may  be  eaj>able  of  compen-sating  for  the  defi- 
ciency ;  in  the  case  of  laborers  the  enlarged  muscles  may  meet 
every  demand  made  upon  them.  There  are  occasional  instances 
of  more  or  less  genuine  hy[)ertropliy,  resulting  from  diseased  con- 
ditions, in  which  the  excessive  functional  capacity  causes  marked 
disturbances,  as,  for  example,  in  case  of  enlargement  of  the  thy- 
roid gland. 


TUMORS. 

Synonjrms. — New-growth,  Neoplasm,  Pseudoplasra. 

Definition. — In  its  liroadest  etymologic  siguiticance  the  term 
tumor  designates  an  abnormal  swelling  in  any  part  of  the  bmlv. 
This  definition,  however,  is  not  applicable  to  tumors  in  the  ordi- 
nary sense.  Infiammatory  growths  and  collections,  such  as  ab- 
scesses, hyperplastic  deposits,  and  the  like,  are  excluded.  Path- 
ologists, however,  have  always  fmmd  it  difficult  to  construct  an 
accurate  definition  for  tumoi-s  or  to  draw  sharp  lines  of  Beparation 
between  them  and  the  infiammatory  or  infectious  swellings  that 
occur  in  various  diseased  conditions.  An  attempt  to  ostamish  an 
ultimate  boundarv-line  is  evidenced  bv  the  term  aiiirmomoua  new- 
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growths  applieil  by  Tlioimi.  This  uanie  is  used  to  desigiiiite  the 
8uppos«l  spontaneous  origin  of  new-growths  and  their  independence 
of  iinlinar)-  causes,  such  as  are  recognized  in  tlie  jn-(Khiction  of 
inflanimaton'  outgrowths  and  the  like.  It  cniniot  i)e  said,  how- 
ever, that  tumors  are  causeless,  ami  in  the  discussion  of  the  cti- 
olog\-  we  shall  have  ix'casion  to  refer  to  certain  definite  iactors 
kno^\^l  to  aid  in  their  production.  It  is  true,  however,  that  the 
growth  of  tumors  i.s  practically  always  out  of  proportitjn  to  the 
amount  of  hx-al  irritation  or  to  the  severity  of  other  factors  that 
may  be  conceived  as  playing  some  part  in  the  etiology  ;  and  in  the 
great  majority  of  castas  the  causes,  whatever  tiiey  may  he,  are 
obscure  or  unknown.  A  negative  detinitton  perhaps  best  suits  for 
the  delimitation  of  tliis  term  tumor,  Thus  we  may  exclude  from 
the  category  of  tumors  all  swellings  in  which  some  .sufficient  cjiuse 

[is  discoverable,  and  include  the  apiuireutly  causeless  growths 
among  the  true  tumors. 

Etiology. — A  great  number  of  theories  have  been  entertained 

ito  explain  the  cansjition  of  tumors. 

Among  the  older  writers  there  was  a  disposition  to  attribute 

[the  occurrence  of  tumors  to  a  fouMtitntloiml  flifm-rnxin,  or  a  tlisease*! 
of  the  fluids  of  the  lio<ly.     This  explanation,  however,   is 
<\  entirely  niimi  speculatiim,  and  is  must  unsatisliu'torv  in  that 
original  dy.serasia  is  as  difficult  to  explain  as  the  tumor  sup- 
posed to  result  from  it. 

Recently  a  number  of  more  elalior.Ue  theories  have  been  con- 
structed that  resemble  this  older  one,  in  ascribing  the  growths  to 
s«>me  form  of  disturbance  of  vital  activity  and  of  cell-proliferation, 
without  explaining  the  eause  of  >ucli  disturbance.  For  example, 
we  may  refer  to  the  theory  that  tumors  result  from  a  retrograde 
change  in  vital  properties  of  certain  cells,  so  that  they  tend  toward 
the  original  pro^iertics  nf  the  germ-cells  and   multiply  in  a  pur- 

'  poseless  and  indeterminate  manner.  Another  theory  would  ex- 
plain the  occurrence  of  new  growths  somewhat  upon  the  basis  of 
infection,  assuming,  instead  of  an  exogenous  infection  with  micro- 
organisms, an  endf)gcuous  infection.  This  was  suggested  by  the  dis- 
covery of  Ieukf>cytes  within  t  lie  tumor-cells.  The  author  r»f  this  theory 
explains  that  in  consequence  of  some  thermic,  chemical,  or  other 
irribition  certain  cells  may  beconie,  so  to  speak,  infectious,  a.ssum- 
ing  the  ivk  of  a  sjierm-cell  and  stinudating  tlic  adjacent  cells  to 
aboonnal  multiplication.  Such  theories,  however,  are  entirely 
speculative,  an<l  leave  the  etiology  as  little  settled  as  before. 
Virchow  strongly  advocated  the  theory  of  i-^-teninl  irrifafion, 

I  and  was  able  to  cite  numerous  examples  of  tumors  that  had  arisen 

I  in  consequence  of  more  or  less  definite  causes.  Thus  in  cases  of 
can'inoma  of  the  brea.st,  in  the  enithclinma  occurring  on  the  lips 
in  piiK'-smokers,  and  in  the  epithelioma  of  chimney-sweeps,  there  is 
at  times  a  definite  history  of  unusual  irritation,  and  the  relation  of 
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cause  ami  effect  seeius  easily  traot-aljlc.  It  must  be  admitted, 
however,  that  there  is  some  further  underlying  cause  which 
renders  one  individual  liable  to  tumor-growth,  wwiile  another  is 
not  thus  predisposed,  and  though  it  is  probable  that  some  tumors 
owe  their  origin  to  irritation  as  the  exciting-cause,  all  cases  can- 
not be  tfins  cxjilaiiied. 

Cohuheim  advanced  the  interesting  theory  that  defective  devel- 
opment lies  at  the  basis  of  tuntor-forniation.  According  to  his 
theory,  there  tire  lrci|uently  small  erroi-s  of  develoiimcnt  leading 
to  the  inclusion  or  niisplaccnient  of  portions  of  the  oriLrinal  blasto- 
derm in  the  midst  of  tissues  derive*!  from  a  diH'vnnt  layer  of  the 
embrt'o.  These  inclusions  or  fiiibri/oulc  rcufn  are  indej^endent  of 
the  function  of  the  part  in  which  they  lie,  and  are  assume*!  to  be 
liable  to  subsequent  sprmitinjr  with  the  consequent  formation  of 
tumors.  There  is  evidence  that  this  theory  contains  a  certain 
measure  of  truth,  and  some  tumors,  as,  for  example,  certain 
ovarian  growths,  tuninrs  of  the  parotid  region,  and  otherH,  seem  to 
originate  iii  this  way.  The  theory,  however,  is  not  by  any  means 
universally  ajiplicabie,  and  it  does  not  explain  the  eventual  pro- 
liferation of  the  embryonal  rests  that  had  previously  remained 
dormant. 

Kecently  an  iiiftrtious  eharader  has  been  ascribed  to  malignant 
and  benign  gmwllis,  and  there  is  no  doubt  that  in  certain  resjjects 
tumors  rc.send>!e  infectious  jirocesses  of  deflnilely  ascertained 
kinds.  Their  effect  njwn  the  general  health  an<1  their  tcndencv 
to  metastasis  are  very  significant  facts.  Notwithstanding  this, 
however,  the  proof  of  the  infi'ctious  nature  of  tumors  rL-mains  to 
be  furnished.  Carefid  investigations  have  cxcludwl  bacteria  in 
the  case  of  most  forms  of  tumor.-,  but  in  the  ca.se  of  ccrtjiin  sarco- 
mata (lympliosareoma)  it  ,sc<^ms  pus.sible  that  bacteria  are  the  im- 
mediate factors.  In  carcinomata  and  other  epithelial  new- 
growths,  as  well  as  in  sarcoma,  certain  forms  of  intracellular 
animal  parasites  (see  Aniuud  Parasites)  have  been  described, 
though  the  nature  of  these  bodies  still  remains  in  doubt ;  and 
recently  the  tlieory  is  gaining  ground  that  l)lastomyectcs  are  active 
in  the  production  of  tumors.  I'lidivulitedly,  certain  of  the  cell- 
inclusions  reganled  as  protozoa  are  of  the  nature  of  degenerations. 
Upon  the  whole,  though  it  must  lie  admitted  that  the  infectious 
nature  of  tuiiun's  is  probable,  the  actual  proof  still  remains  want- 
ing. In  r'X]>eriiuents  ujwu  animals  and  upon  man  it  has  iK-en 
possible  in  a  few  cases  to  d<'jnoustrate  incwulability.  The  signifi- 
cance of  this  fact,  however,  must  not  be  overestimated,  and  it  cer- 
tainly cannot  be  a.ssumed  without  further  proof  that  this  evidences 
the  infectious  nature  of  the  growths. 

Predisposing  Conditions. — Whatever  may  eventually  prove  to 
be  the  imme<liatc  cause  of  tumors,  it  is  certain  that  preclisjwsing 
causes  are  oflen  of  great  importance.     The  occurrence  of  certain 
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forms  of  tumors  in  persons  of  advanced  age  and  in  persons  whose 
vitality  has  been  reduced  by  disease  gives  evidence  that  a  consti- 
tutional predisposition  is  sometimes  requisite  for  the  forniaJiun  of 
the  new  growtii.  The  nature  of  this  vital  defect  has  sonietimcs 
been  speculated  ujx>n,  and  retrograde  viud  metamorphosis  of  the 
cells  or  other  like  changes  have  been  assumed  to  occur.  These 
theories,  however,  are  purely  s}wculative.  In  some  cjises  there  is 
evidence  of  a  family  predisposition,  and  heredity  was  formerly 
regarded  as  of  great  importance.  While  this  element  cannot  be 
entirely  denied,  it  has  certainly  been  over-estimated. 

The  Structare  of  Tumors. — In  their  histologic  structure 
tumors  do  not  diti'er  absolutely  i'rotn  healthy  tissues.  In  all  eases 
they  conform  more  or  less  with  the  structure  of  some  one  or  more 
tis.sue8.  The  cells  composing  tumors  invariably  represent  some 
one  or  several  types  of  normal  cells,  (hongii  they  may  differ  iu 
being  larger  or  smaller  than  the  normal  cells,  or  iu  being  of 
emlirj'onal  or  undevelopetl  ehanicter.  In  the  arrangement  ol'  tlie 
cells,  however,  there  is  a  notable  difference,  and  tumors  may  be 
described  as  being  atyjiieal  prolifcmtious  as  far  as  their  organic  or 
tissue  arrangement  is  conecnu'd.  The  orderly  disposition  of  cells 
and  stroma  or  iutereellular  substance  seen  in  the  normal  tissues 
an<l  oi^ns  is  wanting,  jxirtirularly  in  the  tumors  in  which  organic 
arrangement  is  simulated.  Tliere  may  be  in  some  cases  entirely 
typical  glandular  acini,  but  the  relation  of  these  to  each  other 
and  the  absence  of  regrdarly  disposed  excretory  ducts  render  the 
tissue  as  a  whole  atypical. 

In  the  histologic  exauiiuation  of  tumors  it  is  customary  to  find 
scattered  thn)Ugli  the  stroma  and  between  the  tumor-cells  variuus 
forms  of  leukocytes,  especially  the  polymorphonuclear  forms  and 
lympluxjyte.s.  The  imperfect  development  of  walls  of  the  blootl- 
vessel.s  of  tumors  permits  of  ready  emigration  of  leukocytes,  and 
there  is,  therefore,  in  jiractically  every  tumor  a  certain  amount  of 
leukocytic  intiltratinu.  Sometimes  leukcH-ytes  are  fnimd  in  enor- 
mous numbers  :  antl  when  a  tumor  underiro<'s  inflaiinnatory  change, 
massive  accumulatious  and  nbs<'e.ss-ii)rinations  may  be  met  with. 
Plasma-cells,  which  are  probably  altered  lym]>hocytes,  arc  some- 
times conspicuous,  and  mast-cclLs  (basophilic  granular  cells  of 
doubtful  significance)  are  SKtiietirnes  found  in  benign  as  well  as  in 
malignant  tumors.  They  an-  fri'(|iiently  abundant  near  the  edges 
of  the  gnnvth.  Eosinophilii^  leukocytes  are  occasionally  quite 
numerous. 

The  leukocytes  are  often  found  within  the  tumor-cells  in  the 
form  of  inclusions.  These,  doubtless,  have  been  mistaken  for 
parasites  in  some  instances. 

The  bloo<l-ve.ssels  of  tumors  liave  eom])aratively  fragile  and 
poorly  developed  walls.  In  the  malignant  growths  or  rapi<Ily 
developing  tumors  ot  any  sort  the  vessels  are  mere  spaces  between 
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tiie  tumor-cells,  with  little  attempt  at  the  development  of  firm 
walls. 

Regenerative  changes  are  constaiitiy  met  with  in  tumors.  In 
this  way  the  counective-tissiie  fitmifwork  of  tlif  jjrtjwtli  is  iormetl 
just  as  such  tissue  is  normally  pmilucetl,  ami  in  this  process  elastic 
OS  well  as  onlinary  connective  tissue  may  he  tormed.  In  rapidly 
growing  nwlignaut  tumors  the  framework  of  the  timior  is  tor  the 
greatest  part  derived  from  the  pre-existing  connective  tissue  of 
the  atlectuii  part,  anil  unly  in  very  small  measure  from  regenera- 
tion ot'  connective  tissue. 

The  structure  of  tumors  is  always  closely  rclajted  to  that  of 
the  tissue  from  which  it  springs,  a  primarv  tuuior  invariahly  grow- 
ing in  a  part  in  which  there  is  tissue  of  the  type  simulated  by  the 
tumor,  and  it  is  from  tins  tissue,  doubtless,  that  the  tumor  takes 
its  origin.  A  connective-tissue  growth  invariably  springs  from 
a  jKirt  in  wliicli  cunnective  tissue  of  some  form  has  pre-existed, 
and  e[Hth<'lial  growths  from  a  psirt  in  wliicli  there  has  been 
epithelium.  Metaplasia,  or  the  tnmsformation  of  one  variety  of 
tissue  into  another  variety,  with  the  production  of  a  tumor,  does 
not  occur.  This  statement,  tliongh  applicable  also  to  secondary 
tumors,  is  s(uuetimcs  diftii-idt  of  ih^nonstnition  from  the  fact  that 
the  secondary  growths  take  origin  from  cells  transported  to  the 
seat  of  growth  from  a  primary  tumor,  tliougli  not  normally  found 
in  the  part  in  which  the  secontlary  tumor  has  arisen.  The  occa- 
sional discovery  of  a  primary  tumor  in  a  hx-ality  in  which  the 
form  of  tissue  composing  the  tumor  does  not  occur  may  be  ex- 
plained ujKin  tlie  assumption  (liased  on  some  actual  demonstra- 
tions) that  endjryonic  rests  had  been  def)osit«l  at  the  seat  of  the 
tumor  by  faulty  devclo|»ment. 

The  Shape  of  Tumors. — This  depends  to  a  large  extent 
upon  their  manner  of  growth,  their  situation,  and  the  influence  of 
surrounding  parts.  We  may  distinguish,  first  of  all,  between 
(;ircurii«eribtx}  and  itijiliroi'imi  growths.  The  former  may  be  of 
various  shapes,  hut  are  distinguished  by  their  sharp  delimitation 
and  often  by  the  existence  of  a  distinct  eajJ.'^ule  ;  the  latter  arc 
indeterminate,  and  the  extent  to  which  they  involve  the  healthy 
tissues  cjinnot  be  accurately  determined.  Circuraseribetl  tumors 
usually  gniw  centnilly  or  in  an  exjiansive  manner,  the  new  cells 
being  produced  in  the  interior  and  gradually  pushing  the  older 
parts  outward  towani  the  surrounding  tissues.  The  infiltrating 
growths  are  eccentric  in  development,  and  may  result  from  a 
gradual  extension  of  parts  of  the  periphery  of  the  original  growth 
or  by  the  development  of  secondar}'  notinles  in  the  neighborhood 
which  become  confluent  with  the  original  mass.  Of  the  circum- 
ecrihed  growths  we  may  distinguish  smsdl  mxlules  of  sj)herical  or 
ovoidal  form  buried  in  the  substance  of  the  tissue  or  projecting 
from  some  surface  as  more  or  less  hemispherical  elevations.   These 
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may  be  large  or  small,  and  tlie  terms  mlllury,  tubercular,  noduhii; 
and  the  like  are  empluvrtl  to  ilpHignate  the  in<]iviilu:il  pradcs. 
When  a  tumor  projects  i'roin  the  surfaee  in  such  a  manner  that  the 
projecting  part  is  larger  than  the  part  hetween  the  projection  and 
the  snrface  of  the  liody  or  the  urjriin  involved,  the  term  fiuif/ifin-m 
OT  fvnr/oirl  tumor  may  be  a|)plit'd,  wliilc  in  the  eases  in  which  the 
new  growth  is  attached  by  a  more  or  less  narrow  jicdicle  the  name 
IMtlyp  or  polypoid  tumor  is  apj)liral>lc.  ^\':l^t-!ikl•  growths  are 
known  as  rrrrncoxr  or  papilliiry  tiunors,  and  those  in  which  a  dis- 
tinct cauliflower-Corm  is  developed  are  called  detiflritic. 

The  Number  of  Ttiinors. — I'rimary  tmnorit  are  nsiiallv 
solitar)-  at  their  onset,  tliough  examples  of  multiple  )>rirnary 
g^vwths,  such  as  carcinoma  involving  both  breasts  simultaneously, 
or  simultaneous  appearance  of  earcinoniata  or  siirconiata  in  ditler- 
ent  purta  of  the  mncons  menihRine  or  elsewhere,  may  be  observed. 
In  these  cases  it  is  often  likely  that  there  was  a  single  tnntor  at 
the  very  onset,   with   secondary  growths   originating    before    the 

Erlmary  growth  Iwid  reached  any  considerable  magnitude.  Primary 
enign  timiors  arc  nsuully  wjlitarv,  hut  sometimes  may  lie  found 
in  considerable  number,  antl  there  may  be  enormous  nnndiers 
scattered  in  various  jMrts  of  the  bmly.  Thus  in  cases  of  nndtiple 
enehondromata  or  multijile  tibroniata  the  number  may  from  the 
first  be  very  great. 

StTondnry  innwrs  are  usually  multiple.  In  most  cases  the 
number  of  ntxlules  found  jwist-inortem  or  flnring  life  is  considenible, 
and  sometimes  they  are  so  mimerotis  that  large  portions  of  the 
body  may  be  literally  studded  with  new-grtiwths.  This  is  seen 
very  well  in  the  set^ondan*  sarcomatous  or  carcinomatous  niKlulea 
involving  the  peritoneum  and  the  other  sen)us  surfaces,  in  which 
casfs  the  degree  of  involvement  is  simulated  only  by  that  seen  in 
miliary  tuberculosis. 

Pathologic  Physiology- — In  most  cases  tumors  take  no  part 
in  the  functional  life  of  the  j»art  in  which  they  occur  or  of  the  in- 
dividual. What  intliienct?  they  may  bear  to  the  general  metabolism 
is  as  yet  practically  unknown.  Cases,  however,  are  recorded  in 
which  large  liporaatous  or  other  tumors  have  been  found  to  suffer 
practically  no  change,  while  the  individual  in  whom  they  occurred 
was  undergoing  progressive  emaciation  from  starvation.  That 
there  is  a  certain  amount  of  function,  however,  in  some  casus  is 
shown  by  the  fact  that  biliary  pigment  is  detected  in  the  cells  in 
certain  carcinomatous  tumors  of  the  liver,  or  alxirtive  milk-forma- 
tion in  cancers  of  the  breast.  It  may  be  that  tlie  want  of  proper 
organic  arrangement,  and  |)artieularly  the  lack  of  excretory  ducts, 
accounts  for  the  lack  of  i'unction  ;  but  whatever  the  cause,  it  is 
certain  that  as  a  rule  the  functional  activity  is  practically  nil,  or  at 
all  events  perverted.  The  occurrence  of  large  quantities  of 
glycogen  in  eertain  tumors  is  perhaps  of  interest  as  indicating  an 
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attempt  at  i'umtttuml  activity,  but  is  more  probably  significant 
onlv  of  active  [H'cilifi  rutinii.  W'itb  very  few  excfptiiins  it  may  hv 
sail!  that  tumors  ure  ontireiy  parasitic,  living  at  the  expense  of  the 
organism  and  contributing  nothing  to  its  development  or  nutri- 
tion. 

Certain  tumors  dif*tiirb  the  general  health.  This  result  may  be 
diiu  to  secoiuiary  deiicncrativo  or  iiifliimmatorv  changes  dejx^ndent 
upon  lack  of  nutrition  or  upon  irritation  and  bacterial  infection  ; 
or  to  obscure  causes  connected  with  tlie  tuiiior-gmwth  itself.  The 
progressive  cachexia  of  carcinoma  is  still  unexplained,  though  in 
some  cases  hemorrhage  and  interference  with  organic  function 
play  a  ]v.irt. 

Tumors  may  be  clas.sified  as  benign  or  malignant.  The  former 
do  not  allcct  the  general  health  of  the  patient  in  any  notable  de- 
gree, and  are  dangerous  mainly  by  reason  nf  the  pressure  thev  may 
exert  on  vital  structures  or  tlie  secondary  changes  (lieniorrhages, 
softening,  suppuration)  to  wliirh  they  are  liable.  Malignant 
tuniurs  generally  distuHi  the  geiiend  lieallb  from  tlie  first,  and.  in 
ailditioii,  tend  to  recur  afler  removal  and  spread  to  other  parts  of 
the  body  (by  direct  invasion  or  In-  metastasis  through  the  circu- 
lation or  lympbatie  ehauncls).  The  U-vtni^  jiriinari/  and  ^ccondaiy 
timiors  refer  to  the  original  and  the  metastatic  growths  respectively. 

Classification  of  Tumors. — No  very  sjitisfactory  cla.ssifica- 

tion  is  possible  at  the  present  time, and  it  is  uidikely  that  any  will 
be  constructed  until  more  definite  kuowleilge  regarding  the  etiolog;\- 
is  obtained.  The  oldiT  elassifieatioiis  wvw  based  upon  tlie  shajx-, 
the  physical  properties,  or  the  nature  (whether  ilestructive  or 
harmless)  of  \arious  forms.  Virehow  offered  a  classification  based 
on  the  histology  of  the  new  growths  (histogenetic  classification). 
According  to  tiiis  elassilieation,  fil>ix)ma,  osteoma,  chouilroma, 
lymphoma,  and  sarcoma  ari'  included  under  the  heading  of  ci»n- 
nectivc-tissue  tumors  or  tumors  reproducing  mi>re  or  less  accurately 
conne<'tive  tissues.  The  ditlerent  forms  of  tumors  com|irising  the 
group  are  distinguished  by  their  n'semblance  to  one  or  another  of 
the  forms  of  connective  tissue.  .Among  the  epithelial  growths  are 
papilloma,  adenoma,  and  carcinoma,  au<l  in  the  same  group  should 
be  placed  glioiria,  which,  tboutrh  it  superfi<'ially  resembles  con- 
ni'ctive-tissue  tumm-s  and  arises  from  the  neuroglia,  a  tissue  resem- 
bling eonneetive  tissues  in  function,  is  really  an  ejjithclial  growth 
as  the  neuroglia  is  an  ectodermal  derivative.  Among  the  tumors 
repnxlucing  nuiscle-tissne  are  the  two  forms  of  niyomata,  the 
leiomyoma  and  rhabdomyoma. 

This  classification  is  erniuently  satisfactory  in  .some  cases,  bnt 
fails  in  the  case  of  mixed  tumors  containing  a  varietv  of  tissues 
and  in  which  the  primary  or  the  essential  constituent  is  not  alw.ivs 
obvious.     Thus  in  )tapilli>mata  it  is  sometimes  difficult  to  deter- 
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mine  whether  the  fjrowth  in  origiuallv  epitheli:il  nr  orij^inally  of 
coniipftive-tissiie  tvjK". 

Other  jKithologifit.s  Ikivi-  gr<iiiju'ii  tiiniorr*  acciinling  to  tlie 
emhr^■l)It)gi^.•  tlerivatimi  nCthi'  tissiU's  IVoiii  wiiidi  thr  iicw-tri'ovvths 
originate  or  of  tlie  tissue  fompnsiiig  tlii'  tiniior.  It  is  {(crhaps 
wi«.>st  to  atti'iiipt  uu  cla.s.siti«itiHii  of  any  kind,  ami  in  the  fniiow- 
ing  sections  I  have  arniiigod  tlir  various  tumors  arfording  to  their 
histologic  characters  without  attempting  to  ustublish  groiips. 


FIBROMA, 

Defitlitiotl. — A  fibrnnia  is  a  tumor  conijKisetl  of  connective- 
tissue  cells  and   fihers  resembling  those   Been  in  fibrillar  tissue. 

Etiolog^r. — Tiic  causes  i»f  fibroma  are  as  oliscure  as  arc  those 
of  tumors  in  general.  There  arc  many  Jjtcts,  liowcvcr,  which 
point  to  the  ini[>ortance  of  irritation  or  injury  as  exciting  causes. 
Among  these  may  be  nicntionril  the  devi-lo[»nicnt  of  a  peculiar 
form  (keloids)  in  scar-tissue  and  the  resemblance  of  these  tumors 
to  s|)ontaneous  fibnunata,  and  tlic  appearance  of  fibrous  nodules  in 
the  skin  at  jmints  of  friction  or  definite  pressure  or  in  places  irri- 
tate<l  by  discharges. 

It  is  impossible  to  draw  sharp  lines  between  fil>romata  and 
hypeqilasias  of  connective  tis.sue  following  irritation.  In  the 
skin  and  superficial  tissues  there  occur  hyjKTplastic  connective- 
tissue  processes,  constituting  elephantiasis,  which  in  some  ca.ses 
are  distinctly  the  result  of  irritation  and  in  other  cases  seem 
purely  spontaneous.  The  elcjihantiasis  ot' tropical  i-ountries,  often 
due  to  »K'clusion  of  the  lynijibatic  channels  by  filaria\  and  the 
thickening  of  the  skin  and  adjacent  connective  tissue  of  the  legs 
around  old  uleeratiitns  or  eezematous  an-as,  are  instances  in  which 
distinct  irritation  is  the  cause.  On  the  other  hand,  congenital 
elephantoid  omditions  of  the  skin  are  seemingly  spontaneous  or 
causeles.s,  and  some  of  the  cases  in  later  lih'  have  the  same  char- 
acteristic. The  diffuse  hyjicrplasias  of  (he  viseeni,  though  often 
distinctly  inHammator\',  may  ajipcar  witlunit  jide(|Uate  discover- 
able cause,  and,  accorfling  to  the  view  ^>i'  some  authorities,  are 
to  \>e  looke<l  upon  as  diffuse  fibrosis  or  fil)n>nmtosis,  rather  than 
as  inflammatory  conditions.  In  onlinary  cases  of  cirrhosis  of 
the  organs  the  connective-tissue  growtli  is  culirely  diffuse,  but 
thickenings  may  occur  in  certain  situations,  and  thr.  resemblance 
to  tumor-formation  is  then  much  laorc  striking.  This  is  sometimes 
the  case  in  the  liver,  but  ])articularly  in  the  kidneys.  In  the 
breast  there  are  cxises  in  whii-h  no  dividing-line  eau  be  drawn 
lietween  chronic  interstitial  mastitis  and  fibroma.  The  micro- 
scopic appearances  are  practically  identical.  A  distinction,  if  any 
can  be  made,  isiias<'d  u|m)ii  the  uiKlidar  ebaracter  and  sjxmtaneous 
origin  in  the  one  and  the  opjMJsite  comlitions  in  the  other. 
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Appearance. — Tim   nake<J-€ye   ai>j)ejiramv   of  fibromata   is 
usually  unite  clianicU'ri.stk'.     The  tuniur  may  he  hard  (Fig.  38) 


N, 


Fio.  SS.— Hard  fibroma  (Warren). 

or  soft  (Fig.  39),  according  bs  it  resembles  loose  or  dense  con- 
nective   tissue    in   structure   and    according;:    to   tlie    amount  of 


Flu.  ys. — Son  Hbruma  of  th«  stibcuUiueous  tinue 

edematous  liquid  nr  a.ssociated  myxomatous  degeneration  of  the 
intiTccl hilar  i^iil).<tanfc.  The  growth  is  mure  or  les-s  rounded  and 
u.><iialiy  eiK'iofsed  in  a  distinct  eapsiiJe.  In  the  .^ulwtanoe  of  organs 
it  is  .'ij)herieal  nr  {uIktous,  and  wiieii  near  the  suriiiee  j>rojeot.s  more 
or  U'ss.  When  it  ?])rings  from  a  miicnii.s  or  .senins  nieinhnaii'  or 
from  tlie  .skin  the  weight  of  tlie  tunuir  may  griiiiualiy  lead  to  a 
]H)lypi)id  formatiiin.  S>nii'  <jt'  the  tihroinata  of  the  skin  are  arhn- 
rescoiit  or  dendritie  in  form,  and  keloids  are  freijuently  irregular 
or  star-like  in  outline.  The  muiided  and  cneapsulated  tumors 
may  be  lobulated,  though  more  frequently  they  oeeiir  in  a  uniform 
mass. 

Seats. — The  jjoints  of  origin  from  which  fibroid  tumors  arise 


I 


are  verj*  numerous,  thoujili  tlu-y  alwiiys  spriiiji-  iVoru  jire-existing 
connective  tissue.  Among  soiul'  of  tlie  more  eomniun  localities 
may  be  mentioned  the  subcutaneous  ronneetive  ti.s.suo,  the  sub- 
mucous tissue,  the  periosteum  of  hones,  Icnthms  and  tendon- 
sheaths,  and  the  fil)rou.s  covering  of  nerves.  Of  tlie  internal 
organs,  the  uterus,  the  ovaries,  tlie  kidneys,  and  heurt-musclc  are 
the  most  imjmrtant.  Less  fre(|tiently  liljromata  are  found  in  tlie 
Serous  membranes  of  tlie  chest  and  abdomen  or  of  the  central  ner- 
vous system.  The  fibroids  of  the  skin,  the  uterus,  the  nerves  (see 
Neuroma),  and  the  mucous  membrane  of  the  nose  are  the  most 
im{>ortant. 

The  mammary  gland  presents  several  interesting  forms  of  in- 
flaramaton.'  ur  fibromatons  new-growth.  First,  there  is  a  diffuse 
form  of  interstitial  mastitis  in  which  the  entii-e  lin'ast  becomes 
indumted  ;  this  is  distinctly  inflammatory.  In  other  ea.ses  nt)dular 
or  lobular  areas  of  thickening  nccur,  and  in  these  the  evideuee.'?  of 


Fio.  40.— Intrmcanullcutar  flbroma  (Peril). 
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inflammutor)'  action  are  sometimes  olxseure  or  wholly  wanting. 
Some  of  these  are  certainly  instances  of  ti'ue  fibroma  {Jihnmia 
mtimmrc  nodufvin).  In  still  another  group  of  eases  the  fibriimatous 
proliferation  of  the  connective  tissue  project.'*  into  the  tnhules  and 
acini  of  the  gland,  pusliing  tlic  •■]Htbclinm  before  it  and  sometinu'S 
sprouting  or  proliferating  in  jwlyjioid  form  within  the  tulnde.s. 
The  gland  in  such  eases  may  present  a  striking  macroscopic  appear- 
ance <m  section.  Numerous  cystic  formations  nuiy  be  visilde  with 
projecting  tiendritie  formations  within,  causing  an  ajipcarance 
somewhat  like  that  of  a  section  through  a  cauliflower  (Fig.  AO), 
Microscopieallv  the  prolif"crations  of  the  connective  ti.ssue  between 
the  tubules  and  projecting  within  tlie  tubules  constitute  the 
ijharacteristic  features.  The  term  iiitracandlicul/ir  jihrnma  has 
been  given  to  such  cases.     Obstruction  of  the  tubules  in  certain 
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areas  may  lead  to  very  marked  cystic  distention.  Combinations 
with  sarcoma  are  frocjuent. 

Structure. — The  definition  explains  the  structure  of  fibro- 
mata. Ou  section  tliroiigh  the  body  of  tlic  tmnor  the  fibrous 
nature  may  \w  revealed  by  a  dL-rtinet  concentric  or  radiating 
striation,  particularly  in  the  case  of  liard  libromata.  The  softer 
varieties  are  much  less  likely  to  present  this  feature.  The  color 
is  usually  {rray  or  whitish,  nntl  may  be  glistening  when  there  is 
mucous  dejjeneratioii,  or  yellow  in  the  case  of  associated  lipoma. 
Microscopically  a  striking  feature  is  the  connective-tissue  cell, 
which  is  star-like  and  branching  in  the  softer  tumors,  juid  com- 
pressed, spindle-shaped,  or  elongated  in  the  case  of  the  hard 
varieties.  The  iutereeilular  substance  is  composed  of  a  fibrillar 
network  and  homogeneous  or  granular  material  traversed  by  thin- 
walled  bloo{l-\'essels,  ofttimes  having  merely  an  endothelial  coat. 
Cavernous  dilatation  an<l  rupture  of  the  vessels  may  cause  a  dis- 
tinct lieuu'jrrhagic  appearance  of  the  section  ;  but  such  conditions 
are  niv. 

In  some  cases  embryonal  round  cells  may  be  abundant  and  a 
distinct  sarcomatous  tnuisforniation  of  the  tumor  may  occur. 
This,  however,  is  rare.  In  other  instances,  as  has  already  Wen 
remarked,  niy.xomatous  tissue  may  be  conspicuous,  and  all  grades 
of  tnuisf'orniation  from  a  pure  fibroma  to  a  pure  myxoma  may  be 
met  with,  especially  in  tlie  case  of  soft  fibroma.  Fatty  degenera- 
tion of  the  cells  and  lipomatous  infiltration  or  associated  lipoma 
are  also  frefpient.  These  forms,  the  myxomatous  and  lipomatous, 
are  particularly  frequent  in  the  submucous  and  subcutaneous  con- 
nective tissues.  Calcareous  degeneration  oi'curs  in  large  fibrom- 
atous  tumors,  particularly  in  those  of  the  uterus,  and  very  rarely 
true  ossification  has  been  reported.  Less  commonly  association 
of  fibroma  with  other  forms  of  tumor-growth  is  found.  Among 
these  the  combination  of  fibroma  with  leiomyoma  is  usual  in  the 
uterus. 

Nature. — Fibroma  is  essentially  a  benign  tumor,  though 
recurnuice  occasionally  takes  jjlace  af't<'r  removal,  this  being  par- 
tictdarly  the  case  with  kekiids  and  s<-iiue  of  the  jKvtypoid  growths 
of  mucous  nu'tnlmuies.  In  some  of  these  instances  tliere  is 
imdoubtedly  a  resemblance  to  sarcoma,  if  not  actual  sarcomatous 
transformation.  As  a  rule,  fibroid  tumors  are  destructive  only  in 
so  far  as  they  are  cajiable  of  proflucing  mechanical  injury  by  press- 
ure.    The  growth  of  the  tumors  is  usually  exceedingly  slow. 


MYXOMA. 

Definition. — Myxoma  is  a  tumor  comjiosed  of  connective- 
tissue  cells  and  an  intercellular  substance  containing  mucoid 
material  in  more  or  less  abundance.     The  gelatinous  substance  of 
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Wharton  in  the  ural)ilical  cord  and  the  vitreous  humor  of  the  eve 
,  are  normnl  types  which  myxoniata  resemble  in  their  structure. 

Etiology. — The  causes  and  the  nature  of  myxoniata  are 
practicallv  the  .same  as  those  of  filiromu,  antl  intermediate  forms 
make  it  difficult  to  draw  a  sharp  line  between  the  two. 

Appearance. — A  t\-pi«il  myxoma  is  a  soft,  more  <ir  less 
flabby  growth  enclo3e<l  by  a  cajhsule,  and  havinp;  a  roundeil  out- 
line. It  may  ]>rojeet  from  the  surtace  ot"  tlie  l^ody  or  of  an  orgsm 
as  a  henii.-pherieal  elevation,  or  may  liatifr  by  a  narrowed  |x'diele 
in  the  form  of  a  distinct  iwlyp.  The  latter  is  frucjuent  in  the 
mucous  membranes,  but  may  occur  in  the  skin  as  well.  Some- 
times the  tumor  is  lobulated,  and  the  lobules  may  be  \'i8ible  or 
may  be  ea.sily  felt.  Occjisionally  liponiatiius  frrowths  are  diffuse, 
luiving  no  capsule  and  marked  by  no  definite  limits. 

Seats. — Among  the  common  situations  are  the  subcutaneous 
and  submucous  tissues  and  the  connective  tissues  of  certain  itrgans, 
niitably  the  mammary  glands.  They  may  occur  along  tlio  eoui-se 
of  nerves,  in  tlie  brain  or  the  spinal  curd.     Tlie  tumor  may  be 


k  41.— Myxoma,  showing  stcUnte  cells  separiited  by  a  gelatinous  (mucoid) 
intercellular  material. 

BoliUirj',  or,  like  fibroma,  may  be  met  with  in  numbers.     Congeni- 
tal myxoma  has  frf'i|uently  been  found. 

Structure. — Microscopically  the  characteristic  features  are 
stellate  or  spindle-shaped  conncctive-tls.sue  cells  which  lie  within 
a  matrix  of  myxoniati>iis  material  (Fig.  41),     The  latter  is  homo- 

',  geneoas  or  slightly  granular,  and  .somewhat  refractive  to  the  light, 
giving  the  surface  a  glistening  quality.  The  cells  themselves  may 
be  entirely  normal  yoiuig  connective-tissue  cells,  or  they  may  present 
evidences  of  fatty  degeneration.  Rounii  granutation-ti.ssue  cells 
are  met  with  in  some  instances,  cither  scattered  through  the  tumor 

■  or  in  certain  areas,  and  may  be  so  abundant  as  to  justify  the  term 
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myxosarcoma.      The  vascular  supply  is   usually  jxior,  and   the 

blood-vessels  resemble  those  of  fibroma  in  being  only  jwrtially 
developed.  Association  with  fibromu  and  liponia  is  frequent. 
Cartilaginous  tissue  nuiy  be  tiiunil  in  myxomatous  tumors  of  the 
parotid  gland  or  testicle,  and  in  these  eases  the  myxomatous 
jmrtion  is  ratiier  an  assoeiation  tliau  a  degeneration  of  the  original 
•  •liondroma.  Myxomatous  degenei-ation  of  elionilromata,  osteo- 
mata,  fibromata,  and  s:irei>uuUa  is,  however,  a  freoueut  oecurrence. 
Nature. — Myxoma  is  lienign  like  (ibrorna,  but  recurrence  is 
not  infn't[uently  observed,  inul  iu  a  few  iustanees  metastasis  has 
been  repurted.  It  is  ditficiilt,  Iiowever,  to  assert  tlie  absence  of 
sarcomatous  change  in  these  instances.  The  growtli  of  myxomata 
is  slow. 

LIPOMA. 

Definition. — A  lipoma  is  a  tumor  composed  of  fatty  tissue 
like  that  of  the  nortiud  subcntaueuus  tissue.  Tlie  epiploic  ap- 
pendages of  the  intestines  arv  the  normal  type  wlii<'h  li|x»mata 
rescudile. 

Etiology. — There  .seems  to  be  a  tendency,  consisting  perhaps 
in  some  denuigement  of  the  tn)]>hie  nervous  system,  to  the  growth 
of  these  tumors.  It  is  dillii'ult  at  times  to  <b"aw  a  sharp  line  be- 
tween eircumseribed  lipomata  and  diH'use  tatty  grfiwth.  Ijoejd izetl 
fatty  or  myxolipomatous  aeeuundatious  in  myxedema  and  a  curious 
and  apj>areutly  (causeless  dcjwsit  of  fatty  tissue  sometimes  observed 
ill  llie  subcutaneous  tissue  of  tiie  ueek  in  men,  represent  the  bor- 
der-lin<!  between  lipjmataaiid  oi-dinarv  obesity.  Some  individuals 
have  a  marked  liability  to  I'onstant  overgrowth  of  fat  in  difl'erent 
jiarts  of  the  body,  and  the  t<'rin  '"  lijioiuatosis  "  is  not  inapplieable. 
This  fatty  growtli  does  not  a[>]>ari'tilly  d('])('n<l  upcm  the  character 
or  quantity  of  f  tod,  nor  even  upon  sedentary  life  in  some  eases, 
but  rather  on  an  obscure  tendency  to  adijKisi'  ac<'uraulation. 
Traumatism  s"ems  to  phiy  no  piu't,  though  fatty  infiltrations  are 
priHie  to  occur  around  an'as  of  injury  <ir  disease.  :utd  in  degenerated 
organs. 

Appearance. — Lipmiata  are  usually  circumscribed  and  en- 
capsulated tumors  having  a  lobuhited  ehanu'ter,  the  latter  being 
due  to  flcptji  of  connective  tissue.  On  the  surface  of  the  bfwly 
they  appear  as  somewhat  liefiiispherierd  elevations  which  may 
reacli  enf>rmoiis  [iroporlions.  Rarely  they  become  polypoid.  In 
the  interior  of  tin'  body,  as,  for  exani])lc,  when  they  ari.se  in 
the  submucrms  or  subserous  counc<'tive  tissue,  they  are  very 
frwpiently,  though  not  always,  polypoid.  ISonietimes  they  be- 
come detjiched  and  may  be  retained  in  one  of  the  cavities  of 
the  Ixwly  as  free  bodies.  On  section  the  appearance  is  that  of 
fatty  tissue,  though  in  some  cases  it  is  more  iirm  frfiin  the  as.socia- 
tion  of  fibrous  tissue,  and  in  other  cases  less  firm  from  the  nature 


PROGRESSIVE  TISSUE-CHANGES. 


139 


of  the  fetty  tissue  itself  or  from  associated  myxomatous  change. 
Lipomata  may  Ke  solitary  timiors,  or  tlicrc  may  he  many.  A.s  :i 
rule,  they  appt-ar  iu  adult  years  or  middle  lii'c,  but  wjugeniUil 
tiporaata  are  not  very  rare ;  and  occasionally  they  are  found  to 
begin  in  childhinxl. 

Seats. — Amonjr  the  situations  in  which  lipomata  occur  the  most 
common  are  the  subcutaneous  fatty  tissiii'  of  the  hack,  shoulders, 
buttocks,  or  limbs,  the  subnuieous,  and  the  subserous  tissues. 
They  may  arise  either  in  the  normal  fatty  tissue  or  in  cnnnective 
tissues  in  which  fat  is  not  nnrnudly  present.  Some  authors,  how- 
ever, deny  the  possibility  of  Ii|K(ntatji  arising  exceptinf;  fmrn  pre- 
existing fatty  tissue.  Of  tbe  orpins,  tlie  mammary  gland  and  the 
kidney  are  most  frecniently  involved. 

StrUCttire. — Mirn>sr(v|>ii'uily  lijioniatnu.-.  tumors  resemble  the 
normal  fat.  It  is  notable  that  tlie  cells  are  larger — that  is,  con- 
tain more  oil — than  the  normal  fat-cells,  and  this  is  strikingly  tlie 
case  in  .some  instances,  but  is  not  always  tlemoustruble.  The 
vascular  supply  is  about  the  same  as  in  normal  fat,  though  u<'ea- 
sionally  large  ves.sels  with  thin  walls  are  seen.  As.-«M'iated  niy.x- 
onuitous  or  fibrous  change  may  cause  a  variation  of  the  microscopic 
appearance. 

Lipomata  may  undergfi  softening  from  necrosis,  Init  more  fre- 
quently become  calcareous  in  part  or  completely. 

Nattire. — This  is  the  most  benign  torm  of  tumors.  Recur- 
nee  after  more  or  less  eomplete  removal  does,  liowever,  at  times 
occur.  A  lipoma  is  dangerou--  only  from  its  weight  or  position. 
^^t  does  not  c<jntribute  to  the  siipjwrt  of  tlie  system  in  case  of 
^■tan-atioD. 

^r  XANTHOMA. 

Definition. — This  term  is  applied  to  two  possibly  ilistinct  though  similar 
forms  of  new   growth.     The   xnnthoma  vulr/nrf  oeears   most  frequently  in 
tlie  eyelids  and  may  be  contincJ  to  that  situation.     The  iirowth  iip|n'urs  in 
form  of  tlat  elevations  of  a  yellow  color.     Guneralizod  xaiithonKi  befrin- 
l  about  the  eyes  is  less  frequent.     Xanthoma  diahrfinrtinu  is  a  niuiilur 
ution  of  diabetic  patient'*.     It  occurs  at  a.  more  advaiired  age,  is  innro 
tinclly  inflaniniatorv,  the  masses  arc  more  rounded,  and  the  eyelids  and 
•■  rarely  atTeetei. 

ICtnre. — The  histology  of  xanthoma  is  that  of  modified  fatty  tissue. 

ribles  embryonal  adipose  ti*sue,  and  there  is  usually  more  or  less 

round-cell  infiltration  as  well.   Some  authors  regard  the  latter  as  a  tendency 

>  Mrcomatous  change;  others  look  upon  it  as  inHanimatory. 

Vatnre. — Xanthoma  is  eD)inently  benign.     The  diabetic  form  is  subject 

»iidden  and  apparently  causeless  involution.    The  ordiuary  form  may 

ailulj  Aubside,  though  much  less  commonly. 
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CHONDROMA. 

Definition. — A  chbudromu  is  a  tumor  composed  largely  on 
entin-ly  ii{'  o:irtiliii;i'.  It  is  difficult  to  draw  a  sharp  line  between 
onti^rnutlis  of  cartilage  Irnm  fxi.sttng  cartilafje  or  Ijone  due  to  irri- 
tation from  definite  and  indfjx'ndeiit  tumor-like  jjrowths.  A 
group  of  cases  of  iiitermediarv  cliaraeter  is  that  including  carti- 
laginous nodules  formed  in  tendons  of  muscles  subjected  to  fre- 
fjuent  irritations,  as  in  the  deltoid  muscles  in  soldiers  earrk'ing 
heavy  arms,  and  in  tlie  adductor  muscles  of  the  thigh  in  horso 
back  riders.  In  tlicse  cases  norma!  connective  tissue  seems  to  he 
din'ctly  transformed  into  cartilage,  though  the  influence  of  irrita- 
tion is  uiuloubted. 

Etiology. — A  congenital  disposition,  sometimes  bereditark-,  is 
unquestionably  present  in  certain  cases.  Vircjiovv  maintained  tliat 
clioiidrumata  often  spring  from  remnants  or  islands  of  airtilage 
left  in  abn(»rmal  situations,  as  in  the  midst  of  bnnc,  as  the  result 
of  imperfect  fetal  development.  The  same  explanation  wuuld 
account  for  parotid  eliondromata  on  the  assumption  that  jwirts  of 
the  branchial  arches  are  misplaced  and  remain  in  the  substance  of 
the  parotiil  gland.  ^d 

Irritation  has  been  referred  to.     Direct  traumatism  is  some-^B 
times  the  cause  of  cartilaginous  outgrowths  from  bone,  particularly 
when  fractures  have  (H'currcd.  J 

Appearance. — Two  distinct  forms  may  be  considered,  andfl 
these  are  sonuiwhat  different  in  appearance.     They  are  (1)  carti-^n 
laginous    outgrowths,   ccchnndroses    or   ecchondromata,    and    (2) 
independeiit  cai'tilaginous  tumors,  or  ehondromata  projK'r. 

Ecehondroinata  present  themselves  as  rounded  or  somewhat' 
irregular  outgrowths  from  bones  or  cartilages.  Sometimes  they 
are  wart-like  in  form  and  may  occur  in  rows  or  groups.  They 
may  be  firmly  attached,  or  may  be  loosely  united  to  the  bone. 
The  most  fretpient  and  the  most  characteristic  arc  the  outgrowths 
in  the  articidar  cartilage  occurring  in  chronic  arthritis,  particul.arly 
in  rheumatoid  arthritis.  Occasifmally  they  become  detached  after 
their  formation,  and  in  the  joints  may  tlins  become  free  bodies. 
The  large  ehondromata  are  generally  distinctly  lobular  or  irregidar 
in  outline.  ^^ 

ehondromata  springing  from  the  inner  surfac-e  of  bones  (po»^H 


'* 


sibly  originating  from  the  marrf)w  itself)  may  grow  uniformly  by 
repeated  or  crmstant  jtroliferation  and  lead  to  globular  swellings 
of  the  affected  bones  (Fig.  42).  The  true  bony  covering  becomes 
more  and  more  thin  until  it  may  actually  perforate. 

The  true  ehondromata  are  usually  rounded  bodies  ;  they  p; 
sent  lobular  irregularity  when  they  reach  considerable  size,  the 
lobules  being  separated  by  connective  tissue. 

All  forms  are  hard,  though  secondary  softening  may  occur 
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In  cases  in  which  a.ssociation  of  mucous,  sarcomatous,  or  other 
sot\  tissue  is  present  the  consistency  is  correspoinlingly  h\ss.  In 
s«ime  cases  central  softening  leads  to  cystic  forniatiou.  Tiic 
li<|ui(I  in  the  cyst  is  more  or  less  turbid  and  occasionally  sin- 
jfiiiuolent. 

Seats. — Ecchondroses  and  chondromata,  for  the  most  part, 
take  their  origin  from  hone,  cnrtihiL'c,  <ir  periustunin.  In  some 
cases,  however,  they  originate  in  coiiUL'ctive  tissue,  as  that  of  the 
tendons,   by   a   pnicess  of  cartilaginous   metaplasia.     Cartilage- 


Fic.  42.— Chondroma  of  the  thumb  (Warren). 


^»  are  met  M'ith  in  .«ome  of  the  glarxhilar  orgim.s,  notalily  the 
tid  gland,  testicle,  and  ovary  ;  and  r.inly  tli(y  <K'cnr  in  the 
Inngs,  especially  at  the  root  and  springing  from  the  penhntiiehial 
.cartilages. 

Ecchondroses  are  most  fn-cpicnt  about  the  long  hones,  a.«  those 
of  the  extremitie.'',  and  partirulnrly  at  the  epijdiy.'^eal  a(taehiiient.s. 
They  are  not  at  all  infrrfpient,  and  may  reaeh  eoiisidenihle  projpur- 
ttion.*  in  these  situations.  Situations  ui'  great  eiinieal  itnporfanee 
Ijire  the  interjiuhie  and  (iccipitosplieiK>idaI  jnnetions.  In  the  lormer 
ecehondro.se.K  pnvjcctiiig  inwani  may  interfere  seriously 
or,  and  in  the  latter  plaee  cartilaginous  ontgi-owths  iiiiiy 
penetrate  the  ihira  and  exercise  injurious  »-onipression  on  the  hrain. 
Allusion  has  iK-en  made  to  tiie  ecchondro.ses  of  the  joints  in 
arthritis. 

Chondromata  projier  may  oeeur  in  the  ni'igh!)orho(»d  of  hones, 
in  the  muscles  and  tendons  ni'ar  their  Imiuv  attachments,  and  in 
Hhe  organs  mentioned,  hut  in  the  la.st  situation  are  rarely  pure, 
myxoma  being  the  most  frequent  associate. 

Structure. — Chondromata  re.scnible  hyaline,  fibrous,  or  elastic 

iCarfil.'ige,  the  first-named  lieitig  nuieli   the  most   freijuent.     The 

tissue  ditfcrs  from   normal  cartilage  in  the  fact  that  tlie  cells  are 

frequently  without  capsules  and  are  much  less  regularly  arranged 
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(Fig.  43).  The  iuteroellular  gtil)3tance  is  more  abundant  and  is 
frequently  gelatinous,  mucoid,  or  filirous,  and  not  nirelv  the  differ- 
ent types  of  cartilage  occur  witiiin  narrow  limits.  Association 
with  myxoma  and  sarcoma,  or  both,  is  common,  esjieeially  in  the 
jwrotid  iiiid  testicles,  the  jiro])ortion  of  the  several  ingrwlients 
varjing  greatly.  Tumors  of  this  kind  are  spoken  of  as  mixed 
tumom.  Calcification  and  true  ossi(i«ition  are  not  infrequent,  par- 
ticularly in  cartilage-tumors  intimately  conneete<l  with  bone.  The 
term  oxleochoudmina  is  applied  in  such  cases.     The  name  osteoid 


Tib.  43.— Chondnnna  of  the  hyaline  type. 


rhniiflroma  is  applied  to  chondromata  in  which  the  intercellular 
substance  is  trabecular  in  arrangement,  suggesting  bone-structure, 
but  iu  which  actual  ossification  has  not  occurred.  Such  grtiwths 
are  met  with  about  the  bones  antl,  as  a  nde,  spring  from  the 
periosteum. 

Degenerative  changes  are  frequent.  Myxomatous  degenera- 
tion may  occur,  though  myxoma  is  more  fre<:|uent  as  an  jus.sociation 
than  as  a  degenenition.  Softening  may  occur  in  the  center  of  the 
mass,  and  may  lead  to  cyst-formaHon,  this  lieing  particularly  com- 
mon in  the  myxochondnimata.  (Jrowtlis  of  this  kind  are  fre- 
quently <]nite  vascular  find  hcnioiThages  into  the  cysts  may  occur. 
Eventually  such  cases  may  show  seaively  any  cartilage-cells,  a  few 
being  perliaps  detected  in  some  part  of  the  cyst-wall.  A  single 
hanl  lump  may  be  left  at  one  side  of  tlie  cyst,  the  rest  of  tlie 
tumor  having  s<jften('d. 

Nature. — C'liondromuta  are  essentially  benign,  and  are  danger- 
ous only  tliriiugh  the  |)rcssiirr>  they  exert.  Removal  of  a  part  of 
the  tumor  may  have  a  beneficial  influence  in  causing  calcification 
of  the  remainder.     Metastases  may  undoubtedly  occur  in  pure 
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chonilromata  through  transportation  of  particles  in  the  circulation. 
Such  cartilaginous  eniholi  huvc  often  hocii  denmustntted.  Tlie 
secondary  grovrths  are  most  frequent  in  the  iimgs.  Metastatic 
chonfironiata  arc,  however,  more  freijuently  chondrosarcomata 
than  pure  cliondromata. 


OSTEOMA.- 

Definition. — An  ossteoma  is  a  tumor  composed  of  osseous 
tiss^ne.  Osteoniata  are  chisely  allied  to  cartilajrinous  tumors,  ami 
frequently  transt'oniiatii>iis  occur. 

Htiology. — The  same  <liHiculty  is  experienced  in  distin- 
guishing inflammatory  outgrowths  or  exostoses  from  true  hony 
ttxmors,  as  in   the  case  of  cartilaginous   growths.     Enlargement 


:*  -■ 


Fw.  44.— ExoctcMS  of  the  elbow-Jolnt. 

of  the  facial  hones  in  leontiasis  ossea,  of  the  bones  of  the  extrem- 
ities in  acromegaly  and  liy|K'rtrophic  pulmonary  osteo-arthrop- 
athy,  and  oissiticatioiis  of  the  mu.sclcs  in  myositis  ossificans,  are 
instances  of  border-line  conditions  separating  true  tumors  from 
inflammatory  hyperostoses.  Irritiitiou  and  trjuuiiatisiii  uudouht- 
wUy  play  a  part  ui  the  eti<dogy,  even  in  neoplasms  unattached  to 
the  l)one,  and  in  the  case  of  bony  outgri>wths  injury  is  generdlly 
the  immediate  cause.  An  underlying  ])redisposition  undoubtedly 
exist.*,  and  explain.s  the  occurrence  of  congenital  multiple  bony 
tumors. 

Appearance. — Two  forms  may  be  distinguished,  ns  in  the  case 
of  chondromata  :  (1)  outgrowths  or  exostoses  and  osteophytes,  and 
(2)  the  osttomata  proper,  or  heteroplastic  <ist<'oniata.  Exostoses 
and  osteoplivtes  are  distiiiguislicd  one  fnttii  tiie  other  by  their 
shaj)e  and  apjx-jirancc  ratlier  than  liy  any  essential  difterence.  The 
former  arc  direct  ontgrowtlis  of  more  or  less  wart-like  character;  the 
latter  are  more  extensive  and  present  the  appearance  of  bony  deposits 
upon  bones,  and  are  less  closely  attached  (Fig.  44).    In  both  forms 
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■Oatcoma  of  the  lower  Jaw 
(Warren). 


the  surface  of  the  growth  i.s  irrejijular,  nodulated,  or  wart-like 
(Fig.  45).     The  eousiBtency  i.s  that  of  hone,  and  the  size  varies 

frotii  that  i>f  small  mitgrowths  to 
iiKLssL's  as  largi-  us  a  list.  ( )ii 
section  two  I'linus  may  he  dis- 
tinguished ;  tlie  hard  or  o/^eotna 
iliinim,  and  the  stjft  or  onleoma 
sj)on(/ 10.111  III.  Sometimes  the  siih- 
stanee  nf  tin*  tiiniur  is  e.vceedingly 
dense,  and  tliu  term  odcomti  rhar- 
Hittm  is  apjtiied. 

Tlie  heteroplastieosteomata,  or 
those  sepaniti'il  Jiv^iii  tlie  bone,  are 
nmrt'  mundeil  and,  wlu-n  of  con- 
siderable size,  usually  nudulate<l 
and  lobulated.  In  the  st-mus 
membranes  they  occur  as  flat 
Ixjnv  plates. 

Seats. — Osteomata  spring  from  the  bone  or  cartilage,  or  from 
connective  tissue  near  the  l>oiu's.  More  rarely  they  arise  in  other 
connective  tissues,  in  the  serous  nunibnines,  or  in  certain  organs, 
notably  the  testicle  and  pamtid  gland. 

Osteomata  connected  with  hones  are  most  frequent  alwut  the 
epiphyses,  at  the  attat'lnnents  of  nmseles,  or  at  the  seat  of  old 
fractures  from  which  abundant  rallnus  has  been  dejxisited.  The 
skull-bones  may  be  afli-cted  on  the  outer  or  inner  surface,  and 
often  an  elevation  is  noted  witliruit  and  within  at  the  sime  spot. 
A  form  of  clinical  importance  is  that  in  which  exo.stoses  occur  on 
the  iimer  aspect  tjf  the  metatarsal  bone  of  the  great  toe  from  com- 
pression of  tight  shoes.  In  the  maxillary  bones  osteomata  may 
originate  about  the  rfiots  of  malformwl  teeth.  In  cases  of  accumu- 
lation of  ceiiieut-siibstance  beginning  at  tlic  neck  of  the  tiHitii  the 
term  (lenUi!  OHkorna  is  appliea;  these  are  strictly  comjiarable  to 
osteomata.  In  cases  in  which  pmiifenition  of  the  dental  pulp 
has  occurred  the  term  rxhmtfmifi  is  ajiplieable,  and  the  tumor  is  not 
of  os.si'uus  character.  The  bony  growths  s*mietimes  s<'en  in  the 
serous  surfaces  nearly  always  ari.se  in  areas  in  which  there  has 
been  thickening  fnim  chmnic  inflamuintion.  They  are  most  fre- 
quent in  the  dura  mater  of  the  bniin,  particularly  the  falx  cerebri; 
tliough  the  membnines  of  the  conl,  the  pleura,  or  {)ericardium  niav 
be  involved. 

Structure. — Micrcweopically  osteomata  resemble  more  or  less 
aecin-ately  bone-tissue.  They  vary,  however,  in  different  areas, 
and  nii.vturcs  of  cartilage  with  bony  tissue  are  freiiuent.  Second- 
ary degenerative  changes  (stxftening)  may  occur  and  a.ssfwiatiou 
with  tumors  of  other  character  are  not  infrequent  (chondroma, 
myxoma,  fibroma,  sarcoma). 
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Nature. — These  gn>wtlis  are  eminently  benign,  do  not  recur, 
and  do  not  give  metastasis.  Their  situation  sometimes  makes 
them  trcjublesome  or  dangerous. 


LYMPHANGIOMA. 

A  lympliangioma  is  a  tumor  compos*'*!  of  dilated  lymph- vessels 
or  Ivmph-sjwees ;  more  fn-qucutly  the  latter.  It  is  diHieult  to 
separate  dilatations  oflymphatie  rluiuuel?.  tlue  to  uli.struetioa  ibmi 
hypt-rplastie  processes.  Oingenital  etiliirgements  of  ecrtsiin  parts 
are  met  with  which  .seem  entirely  dependent  upon  the  abnormal 
development  of  the  lymph-spaces.  These  constitute  tlie  condition 
called  elephantumn  congciiltn  wo///.t,  in  which  the  subcntimeous 
tissues  are  l)oggy  or  edematoii.s,  and  even  distinct  cystic  i'nrmations 
occur.  L'oiiffciiitfd  ci/ntic  hi/r/romn  is  an  instance  of  dilatation  of 
the  lymph-spaces.  Congenital  enlargement  of  the  tongue,  termed 
vtacrogfossui ;  of  the  lips,  nKwrorhcUia ;  and  of  the  skin,  nrrvus 
lirmphaticuM :  are  other  instances  of  the  .same  pnwess.  In  all  of 
these,  in  addition  to  the  dilatation  of  the  lymphatic  sjmce.s,  a 
marked  proliferation  of  the  conwctive  tissues  as  well  as  the 
muscle  (in  the  ease  of  the  tongue)  is  striking  ;  but  tlu'  ])roccss  in 
all  prolwibility  originates  as  a  dilatation  of  the  lyniph-sjHU'cs. 
The  terms  himp}un\(fiomn  cfiraniosum  and  cnrrrni)ni<i  lifiiijJintinnii 
have  been  suggested  for  these  eases  of  dilatation  of  the  lympli- 
spaces.  On  staining  with  silver-salts  the  eudfithelitd  lining  <)f  the 
spaces  may  be  readily  dcmonstratcil.  .\<'tual  eulargenient  and 
varicosity  of  existing  lymphatic  vessels  may  occur,  but  is  ex- 
tremely rare  in  the  form  of  circumscribed  growths;  it  is  met  with 
more  frequently  in  as.sociation  with  genend  pnieesses,  .such  as  ele- 
phantia.sis.  The  bursting  of  dilated  lymjvliatics  may  lead  to 
/i/mphorrlwa  or  external  discharge  of  lymph  when  the  pnx-ess 
involves  the  skin,  or  to  cfi'usions  of  lymplialic  chartri'tcr  when  the 
serous  cavities  are  involved.  Chylous  ju-ricarditis,  |)li'untis,  and 
ascites  are  thus  prwlueed.  Ruitture  of  dilated  lymphatics  along 
the  urinary  tract  (kitlncy  m-  l)laddpr)  occasions  vhi/luria.  Lymph- 
angioma is  a  benign  process  in  the  [nithologie  sense. 

HEMANGIOMA. 

Definition. — An  hemangioma,  or  angioma  as  it  is  more  fre- 
quently ealle<i,  is  a  tumor-like  forniati<in  conqioscd  principally  of 
bhxKJ-vessels.  Strictly  speaking,  many  of  tiiesc  art'  not  tiutiors, 
being  merely  loc^dizcd  diiittations  and  clongjitions  ol'  ]>ri'-cxistiiig 
bhK)d-ves.seU.  S<.ime,  however,  i-ciiresent  a<'tual  proliferations. 
Two  varieties  may  lie  described,  that  in  which  the  blood-vessels 
are  merely  distended  {onfjionin  tr/rain/icrtalicum),  and  Uxat  in  which 
there  arc  enlarged  spaces  lined  with  endothelium  (au(ji«ma  cavcm- 
ofinm  or  carcruorna).  In  many  tumors  tlie  blood-vessels  are  some- 
what enlarged ;  these  are  spoken  of  as  teleaugiectatic. 
to 
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Htiology. — Congenital  niaU'uriiuitioii  wi-tniiily  plays  some 
part  in  wTlain  (•a.so:^,  as  the  frftpicncv  ot  hemtingionuita  in  the 
now-born  and  partienlarly  at  the  junction  of  the  Itranchial  urohcs 
would  iiiilioato.  Injury,  however,  ami  inechaiiii-al  faii.ses  gener- 
ally al.<o  play  a  part,  and  pre-existing  disease,  partii-nlariy  tiliroid 
inrtainniatiiry  j>riieesses,  may  eontriliute  to  the  siiUseipient  dilata- 
tion and  |irulifenitioii  of  tlie  v<.'ssels  (see  below). 

Appearance  and  Seats. — The  angioma  teleangiectatieum 
may  involve  only  the  arterioles  and  ejipiliaries,  and  in  this  etise  a 
bright-red  i-ohir  is  observed.  The  tumor  ajipears  as  a  sj^nit  on  tiie 
surlarc  of  the  skin,  more  or  less  sharply  outlined  from  the  sur- 
I'ounding  tissue.  It  is  not  elevated  and  has  the  same  eonsisteney 
as  the  healthy  parts.  Usually  it  oeeiu's  as  a  nndtiple  condition, 
and  the  larger  are  often  surrounded  by  smaller  sjwts.  Tlie  skin 
is  the  favorite  seat  ;  but  the  sid)eutaneous  tissue  and  .sometimes 
the  nuieous  menihnuies  are  involved.  Less  Cfjinmonly  the  veins 
are  implicated,  when  a  dark-red  color  is  observetl  (port-wine- 
stains). 

If  a  eirciiniscribed  iiortion  of  the  circulation  is  uniforndy  in- 
volved, the  vessels  thicken  and  elongate,  and  a  ix'culiar  tbrm  of 
hemangioma  results.  In  these  eases  the  arteries  are  greatly  thick- 
ened :uid  tortuous,  and  tbrm  bunches  under  the  skin,  suggesting  to 
]):ilpatiou  a  bumlle  of  earth-worms :  while  the  surface  of  the  skin 
presents  peculiar  irregular  elevations  without  of  necessity  any 
change  of  color  {iiiiriiri/ifm<t  racnu'i^um  sru  e!rnni(Ieum).  This  is 
not  infrecpicnt  in  the  scalp.  A  similar  condition  of  the  vessels  is 
observed  in  the  viiricosity  of  the  legs,  labia,  or  otlier  parts.  It  is 
most  fre<pieut  in  the  hemorrhoidal  veins,  constituting  the  onlinary 
hemorrhoids.  (These  conditions  will  be  more  fully  described  in 
discussing  tiie  tliseascs  of  the  vessels.) 

Cavernous  angiomata  present  themselves  as  more  distinctly 
tnmor-like  formations'  of  dark  venous  color,  involving  the  skin  or 
subcutaneous  tissues,  the  retrobulbar  tissue  of  the  eye,  the  mucous 
membranes  of  tiie  nose  or  pharyu.v,  and  certain  organs,  as  the 
mamma?,  tlie  kidney,  the  spleen,  but  particularly  the  liver.  Like 
the  other  variety,  they  may  be  congt'uital,  but  more  frequently 
arise  in  later  life,  esptvially  that  i>f  tlie  liver,  which  is  most  com- 
mon in  old  persons.  The  ap]H'arance  is  tliat  <^f  a  more  circimi- 
swriiitnl  tmnor.  s<mietimes  showing  a  distinct  eapsidc  and  van.-ing 
in  consistency  with  the  tlegree  of  distention  of  the  blotnl-spaces. 
In  the  skin  it  projects  slightly  from  the  surface  {iiaTuti  promi- 
nent) ;    ill  the  liver  the  tiuuor  does  not  project. 

Structure. — The  definition  explains  the  structure  in  gencnil. 
The  blood-vessels  of  teleangiectatic  angiomata  may  be  simply  di- 
lat<'il  capillaries  with  a  lining  of  endothelium  and  a  fibrous  outer 
coating.  More  commonly  the  vessel?  are  considerably  thickened 
and  held  together  by  a  reticular  connective  tissue.     In  rare  in- 


space?  are  parallel  fibers  of  connective  tissue  wliich  form  the  frame- 
work of  the  tuiiii>r.  In  cases  involvinjr  the  liver  tiic  jiroper  sulj- 
S'tance  of  this  organ  disappears  conijilctdy,  leaving:  only  anasturnos- 
ing  spaces  with  a  fibmiis  framework,  ^'irello\v  taujilit  that  tlie 
fibrous  pn)ces.s  was  primary,  anil  by  ti-action  and  pressure  {gradually 
induced  dilatation  of  the  vessels  and  atroj)hy  of  the  liver-substance. 
Some  of  the  more  iveent  writers  tielieve  that  tlie  dilatation  of  the 
vessels  is  tlie  jirimari-  conditifm.  The  capsule  sometimes  found 
surroundini;  the  cavernous  anirioma  is  certainly  a  secondary 
formation. 

An^iomata  of  the  skin  may  I'uclose  tlie  liair-follides  and 
.swe:it-jj:lands  ;  those  of  the  subcutaneous  tissue  fivf|uently  show 
areas  rich  in  fatty  tissue  (an^riulipoma) ;  secondary  amrioniatous 
chan>:e  of  tumors  is  ])rol)ai>ly  the  result  of  dilatation  <if  tlie  pre- 
existing or  new-formed  vessels.  Smietimes  secondary  ehatige 
may  occur  in  the  connective  tissue  of  the  vessels  of  an  anffioma, 
as  in  the  plexiform  an^riosarcomata,  in  which  the  bloml-vessels  are 
surrounded  by  enslieathing  sarcouia-cells  (see  Fig.  46).  Certaia 
cyliudromata  have  the  same  urigiu. 
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Nature. — Aiifi;ioma  is  essentially  benign,  and  may  continue 
thnnijrli  lUe  witliuiit  enlargin;:.  Hcniorrliap'  and  inflammaton' 
or  necrotic  cliauges  are  its  dangerous  consequences. 


LYMPHADENOMA. 

Definition. — This  term  is  hire  used  to  designate  a  more  or 
less  inalitriKitit  form  of  new-growth  alf'cctinir  the  lymphatic  glan<Is 
or  other  lyniphadeiioid  tissues,  and  having  tlu'  structure  of  lym- 
phatic tissue.  The  lymphadeuomata  niav  be  considered  as  tbrnifi 
of  sarcoma,  or  at  least  as  closely  allie<I  to  sarconia.  The  term 
liimjikomin-omti  is  souietiiiH's  apj>lied,  l»ut  is  more  appropriately 
given  to  growths  of  a  iimre  lirliuite  maligiiani  nature,  liaving 
the  reticidated  structure  of  lymphadenoid  lis^ui'.  Other  names 
applied  to  lyniphadenoma  are  malignant  Ivniphonia  and  lymphoma. 

Etiology. — It  is  exceedingly  difficult  to  establish  the  limita- 
tions of  the  term,  and  especially  to  decide  whether  or  not  certain 
ca.ses  in  which  detiuite  etiotogic  faetoi's  have  been  discovci'ed 
belong  to  the  group  under  consideration  or  shnnld  i)e  separated. 
There  are  eases  of  infectious  enlargement  <if  the  glands  and  trau- 
matic swelling's  that  cannot  l)e  <listiuguished  histologically.  In 
some  cases  even  the  clinical  course  is  the  same  and  a  sefKiration 
seems  iraijossible.  For  example,  the  glands  in  u  number  of 
instances  of  II<Mlgkin's  diseas<'  (as  far  as  the  clinician  i-an  es^ 
tiiblish  this  diagnosis)  have  been  found  to  contain  tubcrcle-lwcilli. 
We  must  conclude  that  general  lyiirphatic  tuberculosis  may  ix'cur 
in  the  clinical  tbrm  of  Hodgkin's  disease,  but  cannot  assert  that 
all  cases  of  the  latter  are  tulierculous.  In  other  ca.ses  various 
micrococci  and  bacilli  have  been  found,  but  none  of  these  organ- 
isms has  been  shown  to  be  speciKc.  In  a  few  instances  bodies  re- 
senililiiig  protozoa  have  liecn  ilisi'uvercd, 

Appearance  and  Seats. — Lymphadcnomata  present  them- 
selves as  more  or  less  considerable  enlargements  i>f  tlic  lymphatic 
glands  of  a  single  gnnip  or  more  conniionly  of  a  number  of  groups 
in  different  parts  <if  the  body.  All  of  the  glands  of  the  group 
may  be  involved,  or  only  a  few.  Tiie  indivi(hial  glanils  retain 
their  shapt',  us  there  is  usually  no  teiideiiey  to  I'xtcnsion  beyond 
the  capsule  of  tlir'  gland.  In  cxceptiipujil  caso.  however,  the  ]>!>«■- 
e.ss  is  of  a  more  infiltrating  kind  and  the  capsule  is  penetrated  or 
destroyed.  These  instances  merit  the  siiecial  term  lympho- 
sarcoma. 

Lynijihadcnomata  may  be  soft  or  /m/'f/,  aocorfling  to  the  amount 
of  c<nnicctive  tissue  and  the  den.sencss  of  the  cellular  infiltration 
aiul  j>r(«iiferation.  On  si'ction  the  tumors  are  tntind  to  be  gravish 
or  whitish  in  ap]H'aranee,  and  exceptionally  may  .show  .slight  are&<; 
of  necrosis  or  .softening.  Extensive  softening  is  e.xceedinglv  rare. 
The  individual  glands  of  the  group  may  be  clearly  distinct,  or  may 
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be  fused  U^ther  by  interglandular  connective-tissue  overcrowtli 
or  by  the  penetration  of  the  lyin]>hadenomatous  process  through 
the  capsule. 

When  suporfioial  lyiuiihatii-  groups  are  involved  tiuiiors  of 
various  sizes  are  proiKieiMl,  and  projcet  as  kuoUliy  <»r  nviinded  en- 
largements beueatli  the  skin.  The  latter  is  freely  movable  over  the 
tumor  unless  the  j^rowth  has  penetrated  the  capsule  or  secondary 
inflamniatoPt'  changes    have  occurred,      lu  the  case  of   iutcrual 


FTn  47.— Lyfii(')uu)t;iiiii]ia  tlyiiiplM>t4arr<Mna)  prritmhly  orti^liifttlni;  in  ri'inimnt  oT  thjnnufl 
kflaiiil :  Iht*  tumor  covi-rt'ti  Ihi-  iii>|«*r  \*nrt  <tf  thi*  ht-art  like  a  hmwl.  Tbu  ilhistmtion 
tbuwrs  the  tumor  tiiriic<l  upward  iiaU  cxposini^'  the  pericardium  on  its  uudur  t>urfac<^. 

glands  large  intratlionicic  i>r  abdominal  growths  may  be  formed, 
and  may  exerc-ise  <lestru(!tive  cf>mprcssion  of  vital  parts. 

Similar  lynipluulennniatous  growths  may  spring  frt»m  the  lym- 

Sthatic    tissues  nf   the  gastr<»-iiitestii(:il    tract — ton^ils,   lymphatic 
bllicles  of  gastric  :uiil   intestinal  mucosa. 

Sinietimes  the  primary  growth  seems  to  begin  in  the  thymus 
gland  or  its  remnant  (Fig,  47).  Tumors  of  eonsiilcrable  size  are 
prcHluced  in  these  cases,  and  their  origin  is  recognized  Ijy  their  shape 
(two  lateral  |)arts  unite<l  bv  a  sort  of  isthnnis)  and  by  the  absence 
of  the  ap|K.'arance  of  a  conglomenition  of  glauils.  Tn  these  cases 
the  adjacent  glands,  and  later  more  distant  groups,  are  involved. 
Lyrapiiadenoina  may  be  eonliuefl  to  the  glands,  init  frequently 
extends  to  the  solid  organs  by  nictastasis.  The  spleen,  liver,  and 
kidneys  are  the  organs  most  frequently  affected.     They  become 
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eularj^ed  ami  iiuluratt'd,  and  on  section  show  light-colored  areas  of 
lymjihadenoid  tissue.  Similar  "lymphoid  intiltratiou"  may  \w 
seen  in  the  heart,  lungs,  or  other  parts. 

Lymphadcntiina  may  afl'eet   the  Ijone-marruw  seeondarily  and 

Serhaps  primarily.  (Itetereiiee  will  be  made  to  this  under  the  title 
lyeloma.)  Sometimes  the  tumors  have  a  yellow  or  green  color  and 
are  called  diloromnfa  (q.  r.). 

Structure. — Tiie  iiner  strncture  of  lymi)hadenomata  is  pre- 
cisi'ly  that  of  ]ym])had<'uoid  tissues.  There  is  a  retieulimi,  more 
or  Ic.^s  priiuouneed,  formed  by  bnuiehiug  cells  wJiicii  are  united  hv 
tiu'ir  prolon<;ed  extremities.  In  tlie  mcsJies  of  this  lie  !t)UiKl  cells 
containing  large  rounded  nuclei.  TJie  cells  are  jx-rluijis  less 
tmiform  in  size  than  those  of  normal  lymphatic  glands  ami  large 
cells  are  more  abundant.  The  secondary  lynJphonlatl^us  infiltra- 
tions of  the  spleen,  liver,  etc.,  have  similar  structure,  bnt  the 
reticnlnm  is  less  distinct.  Sometimes  this  may  not  be  apparent  in 
the  primary  growths  ;  in  sneli  instances  tlie  tumor  is  liliely  to  be 
considered  a  simple  round-celled  SiU'conia. 

Nature. — Lvmj>hadenoma  is  variably  malignant.  In  a  small 
projjortion  of  the  eases  this  malignancy  is  of  Im'al  character — that 
is,  the  growth  tends  to  invade  tlie  ncighburing  parts.  In  most 
instances  there  is  rather  a  tendency  to  general  involvement  of  the 
lymphatic  .system,  with  metastatic  deposits  in  various  organs.  To 
ca.ses  of  this  kind  the  terras  Ilodgkin's  di.sea.se,  pseudoleukemia, 
and  adenia  have  been  given.  These  cases  present  themselves  in 
the  torm  of  a  progressive  anemia  (lymphatic  anemia — Wilks),  often 
with  irregularly  relapsing  fever  (chronic  relapsing  fever — Epstein), 
and  especially  witli  lympliadenomatous  tumors  in  the  superficial  or 
dee|>  lymphatic  groups  i  axillary,  cervical,  inguinal,  mediastinal,  or 
alKlominal).  The  disea.sc  ])rogresses  more  or  less  rapidly,  and 
terminates  in  deatit  from  cachexia  and  exhau.stion  in  from  one  to 
three  years.  Occasionally  the  course  is  rapid,  reix-ate*!  hemor- 
rhages or  purpun*  may  occur,  ami  a  fatal  termination  is  reached  in 
a  few  weeks  or  months.  The  whole  course  <if  the  disease  is  .sug^ 
gestivc  of  an  infectious  jn-oce.-vs. 

The  relation  of  ea.ses  like  the  above  and  leukemia  is  certainly 
very  close.  The  glandular  tumors  ami  the  sec<mdarv  changes  in 
the  organs  are  the  same,  excepting  that  the  lymphatic  glands  arc 
more  prominently  involveil  in  onlinaiy  lymphadcnoma.  The  only 
striking  ditl'erence  is  found  in  the  blood.  In  lenkemia  there  is 
marked  and  cliara<'teristic  leukcx'ytosis  ;  in  the  other  condition  thi.s 
is  ab.sent.  Many  <-a,ses  have,  however,  been  observed  in  wiiich 
Hoilgkin's  disease  has  become  leukemia  ;  and  .xome  authors  do  not 
hesitate  to  speak  of  the  two  diseases  as  identical  and  representing 
merely  two  stages  of  a  conmion  affection.  Accon.ling  to  this  view, 
we  might  classify  cases  as  Itukcmic  or  aleukemic  lymphadenoma. 
This  view  seems  to  me  well  groundetl. 
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The  blootl  in  uleiikeraic  cases  shows  more  or  less  pronoimced 
reduction  in  the  number  of  red  cells,  and  a  normal,  reduced,  occa- 
s^ionally  a  modemtely  increased,  j)ro|)nrti<jn  uf  leuUueytes.  The 
mononuclear  lenkoeytes  are  sonietinies  in  relative  excess.  In 
acute  cases  nucleated  red  cells  may  l)e  found. 

The  causes  and  nature  of  the  irregular  fever  are  imcertain.  It 
nuiy  Im?  due  to  an  infectious  cause,  or  may  he  the  result  of  breaking 
up  of  leukocytes  and  liheratiou  of  ferments. 

Knltiple  Myeloma. — This  growth  nU'titi  tlif  sternum,  ribs,  vertelira', 
skull,  auiJ  lf>s  lro<|Uiritly  other  botn-s.  Tin;  tuiiinr  iil  tir>t  suggests  a  fiv]>ei- 
plastic  cundiliuii  of  llie  marrow  ;  later  the  siib>tance  of  the  bone  h  replaced 
by  the  growth,  whieli  niiiy  finally  break  tbroufrh  the  shell  of  bone  covering 
it  and  invade  the  soft  tinsuea.  MetastaHis  is  very  rare.  The  growth  has  a 
mottled  grayi'^h  and  reddish  appearance  and  is  rather  soft.  Micro-icopieally 
it  is  composed  of  small  routiu  cells  and  a  vascular  network  of  thin-walled 
Tcwels.  The  cells  resemble  snmll  myelocytes,  or  possibly  in  some  cases 
plosnia-cells. 

SARCOMA. 

Definition. — The  term  sarcoma  is  applied  to  tumors  comivised 
of  connective-tissue  cells  with  very  little  intercellular  .^uhstaiice. 
It  is  often  said  that  stirconia-cells  resemble  those  of  emhr^onal 
connective  tissue;  more  properly  s|(eaking,  they  maybe  likened 
to  tlie  ordinary  connective-tissue  cell  falling  short  of  complete 
development.  There  is  little  tendency  in  sarcoma  tfi  the  fiirma- 
tion  of  fibrous  intercel hilar  sniistanee,  liut  a  great  teiidi'iicy  to 
continuous  cell-proliferation. 

Etiology. — Of  all  the  tumors  sarcoma  furnishes  the  best 
ground  for  Cohnheim's  theory.  Its  fretpicnt  occurrence  in  young 
persons,  the  relation  of  melanosarcumata  to  congenital  pigiuent- 
sp«itsof  the  skin,  and  the  .sarcomatous  mixed  tumors  of  the  parotid 
and  testis  were  cited  by  Cohnheitn  among  tlie  evidene<'s  ]iointing 
to  a  congenital  origin.  Traiunatism  and  inflammation  certainly 
play  some  part,  either  in  stimulating  sudden  growth  of  a  latent 
sarcoma  or  in  developing  a  lesion  from  which  sarcoma  springs. 
The  parasitic  theory  has  g;iined  many  adherents  in  recent  years. 
The  resemblance  to  tubercle  is  very  striking  in  certain  cases  and 
the  peculiar  dissemination  is  most  suggestive.  No  sjiecific  form  of 
bacteria,  however,  has  been  demtmstrated,  and  e.vperiments  at  im- 
plantation of  the  disease  in  atiimals  have  Iieen  unsatisfactor}'  (von 
Eiselberg,  Duplay  and  Cazin).  Recently  intra  eel  hilar  |)rntiizuan 
organisms  have  been  de.scrilicd,  but  whetlier  these  arc  really  organ- 
isms or  cellular  degenerations  is  <loubtlul.  In  some  ctises  the 
structures  descrilH'il  are  i-ertaiidy  nuclear  degenerations.  It  is 
not  impn)l>able  that  lymphosarcomata  are  due  to  the  action  of 
bacteria. 


In  connection  with  the  supposed  infectious  nature  of  sarcoma  it  is  of 
interest  to  note  that  a  relationship  has  been  observed  between  syphilis  and 
sarcoma.  This  is  based  on  the  fact  thai  some  cases  disappear  iinder  anti- 
ayphilitic  treatment. 


JP  PATHOLOGY. 

Appearances. — J^arc  inata  aiv  f^tiicnilly  nmrr'  or  less  rounded 
tumors  oiU'ii  cucIommI  Ijy  I'apstilc  ;  tlii-y  may,  liowover,  be  irregu- 
lar, intiltrating,  and  therefore  u»eii«>]isiilate(l.  Sonic  forms  appear 
on  surfaees,  spreading  as  Hat  elevations  more  or  less  irregular  in  out- 
line. Tlie  consistency  is  soft  or  hard  according  to  the  number  of 
cells  and  the  amotuit  of  intercellular  substance,  or  acconling  to 
the  kind  and  amount  of  associated  tissue  (myxomatous,  chondnjm- 
atous).  Typicjil  sjireonia,  as  th<>  name  implies  {ad/i^,  Hesh^,  is  flesh- 
like in  consistency,  and  fre(|ucutly  on  section  the  color  is  pink  or 
of  a  flesh-tint.  Many  of  ttie  sarcomata,  however,  are  quite  white 
or  gray,  and  a  wliitish  liquiil  exudes  from  the  snrtace  on  section. 

Dihitation  of  the  blo<Hl-vessels  may  cause  a  decidedly  hemor- 
rliagic  appearance,  and  actual  hemorrhages  may  ttdce  place,  causing 


Fio.  48.— Secondary 
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y-riman'  irrowlh  was  attached  to  the 


bloofl-cysts  or,  subsequently,  serous  cysts.  Other  degenerative 
changes,  sueli  as  necrosis,  mucoid  ciiange,  and  sinijde  liqnefaction- 
necrfisis,  may  render  sarcomata  soft  and  oi'ten  cystic.  Sarcomata  of 
glandular  organs  like  the  breast  may  present  a  cystic  appeanince 
in  consequence  of  cimipression  of  the  glaiulular  ducts  and  acini 
and  subsequent  dilatation. 

Angiosare<jmata   (the   variety  in   which   sarcoma-cells   spring 
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from  the  atlventitia  of  blocKl-vessels)  present  themselves  as  more 
or  less  irregular  gnnvths,  frequently  flattened  and  brauehing  wlitn 
tlie  surfaces  of  orgsms  are  involve<I. 

Seoondarj'  sareoniata  are  nrxltilar  in  cliaractcr  and  nearly  al- 
ways present  a  capsule  if  tlie  .size  is  at  all  considtralile  (Fig.  48). 
They  are  usoally  white  or  pinkiish  ;  rather  firm  on  section,  but 
with  a  tendency  to  central  necro^;is  or  softening.  In  some  eases 
almost  every  piJrt  of  the  IxkIv  may  be  stutlded  with  minute  wliite 
bjiots  scarcely  distinguishable  from  miliary  tubercles.  This  con- 
dition is  called  niircnmatos!)*. 

Seats. — Sarcomata  s]>ring  fnini  pre-existing  connective  tis- 
sues, such  as  the  suljcutaueous,  intermuscular,  periosteal,  or  temli- 
nous  tissues  ;  bone,  cartilage,  fat,  lymphatic  glands,  the  subnuicous 
and  s«»rous  surlaces.  They  may  arise  in  tlic  internal  orgiuis :  kid- 
ney, liver,  spleen,  tliyroid  gland,  testis.  The  individual  seats  will 
be  further  considcri'd  under  the  ditt'erent  forms. 

Structtire. — The  sarcoma-cell  is  rounded,  cylindrical,  spindle- 
shape<l,  or  of  polymorphous  forms,  the  latter  usually  being  larger 
than  the  round  or  spindle-forms.  The  large  number  of  cells  in 
comparison  with  the  amount  of  intercellular  substance  is  always 
conspicuous.  The  cells  themselves  contain  nitlier  large  nuclei  of 
a  somewhat  vesicular  appearance,  tliuugh  sometimes  quite  gnuiuiar. 
In  rapidly  growing  tumoi-s  karyokinetic  Jigures  may  be  very 
abundant ;  less  frequently  the  cells  .show  evidence  of  dirtvct  divis- 
ion of  the  nuclei.  Nuclear  degenerations  (karyorrhexis,  karyo- 
lysis,  and  hy]H^rchromatosis)  are  frequent,  and  doul»tles8  cause 
some  of  the  appearances  supposed  to  be  protozoa.  The  arrange- 
ment of  the  cells  in  sarcomata  is  usually  very  irregular;  in  winie 
cases,  however,  particularly  in  spindle-eel Iwt  sarcomata,  the  cells 
lie  in  fasciculi  or  iKirallel  columns.  The  intercellular  .substance 
consists  of  a  homogenef)Us  matrix  with  a  few  fibers  in  the  case 
of  the  spindle-celled  variety,  but  Avitli  none  at  all  in  most  other 
cases.  The  cells  may  be  all  of  one  type,  but  more  frequently 
differi'Ut  forms  or  shapes  occur  in  the  same  tumor.  Among  the 
polymoq>hous  fonns  of  cells  may  be  noted  large  tlattcned  cells 
resembling  endotlielial  plates  and  giaut-eells  resembling  myelo- 
plaques.  (These  forms  will  be  discusse<l  under  the  headings 
Emlothelioma  an«l  Giant-e<'llrd  Sarcoma.) 

The  blood-vessels  of  sjireonui  are  usually  channels  lined  with  a 
single  endothelial  coat  (see  Fig.  50),  but  there  may  benu)re  fully 
devclopetl  ves.sels.  In  .some  ca.ses  the  va.scular  network  is  very 
conspicuous  and  forms  the  skeleton  of  the  tumor,  the  .sarcoma- 
cells  being  nmged  round  the  vessels  in  the  form  of  mantles  and 
probably  springing  from  the  adventitia.  Secondary  changes  may 
(K'cur  in  the  cellular  mas.ses  surrounding  the  vessels,  and  jMPCuliar 
fonn-s  of  tumors  thus  residt  (see  Cylindroma). 

Combinations  of  sarcoma  with  other  forms  of  tumors  are  not 
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rare.  All  grades  hotwecn  tlif  true  .sarcoma  ami  tliu  fibroma  may 
be  met  witb,  ami  it  is  dittionlt  to  dniw  a  lini'  ot"  distinotion. 
Wherever  a  teiideiioy  to  cellular  prolili'nitioii  is  conspicuous  and 
tlic  formation  of  fibmhlastic  eeli.s  with  cloug:iti'd  fibrou.s  projec- 
tions is  not  conspieuoii.s  it  is  warranted  to  record  the  tumor  as 
sarcomatous.  Priuiitrv  fibnimata  may  beeomi-  siircomatous,  and 
Hareoniatous  tumors  perhaps  at  times  become  more  benign  by 
fibnimatous  transfirmation.  Coml)inations  with  ehondroma,  os- 
teoma, tuVxiHiia,  an<l  other  eimnecti  ve-tissue  tun»ors ;  witb  adenoma, 
rliabdotiiyiima,  atid  tiltromyonui  are  not  infrequent.  More  rarely 
the  fibrous  tissue  of  the  benign  tumors  may  undergo  sarcomatous 
change. 

The  structure  of  individual  forms  of  sarcoma  will  be  .separately 
considered. 

Nature. — Sarcoma  is  essentially  malignant.  It  tends  to  recur 
after  removal  ;  it  atfeets  the  general  health  of  the  patient  ;  and 
metjistasis  is  frequent.  Metastasis  uccui-s  through  the  circulation. 
The  <legree  of  malignancy  varies  greatly.  The  small  round- 
celled  and  mehinotie  varieties  are  the  most  dangerous.  Some 
form.s,  as  the  giant-celled  and  the  filu'osiircomata,  are  comi>ara- 
tively  lienign.  The  relatively  benign  fbrin  of  tumor  calknl  recur- 
rent  filtmrd  liuiior  hy  Paget  is  in  ivality  a  fibnisjircoma.  The 
growth  of  sareoiiuit^i  is  usually  rather  rapid,  and  may  become  very 
rapid  in  consequence  of  irritation. 

Sarcomata  are  injurious  to  the  general  health  in  some  obscure 
way.  The  evidence  of  this  is  the  anemia  and  leukocytosis  and  the 
irregular  fi'ver  itbserved  in  various  cases.  The  anemia  may  be 
trivial  or  severe,  and  may  become  extreme.  Leuktx'ytosis  is  fre- 
quent, but  rarely  marked.  The  jiolymorphous  eh'ments  may  l)e 
specially  increased,  but  I  liave  fomid  the  lynqdiocvtes  exees.sive  in 
a  number  of  cases.  Irregular  fever  is  often  noted  in  lymphosar- 
coma and  genenil  sarcomatosis.  Necrotic  change  may  increase 
the  tendency  to  fi'ver.  The  exact  influence  of  sireoma  on  metal»- 
olism  is  unknown. 


Spindte-ceiled  Sarcoma. 

This  form  may  consist  of  either  large  or  small  spindle-shajwd 
cells  with  attenuated  antl  sonu'times  branching  extremities  (Fig. 
49).  Angular  or  stellate  cells  are  not  infrequeut.  The  cells 
may  be  ranged  in  parallel  r-ohmms.  so  that  tlie  tissue  becomes 
quite  com jiaet  ;  and  i'asciculi  of  such  cell-masses  may  run  in  differ- 
ent directions,  interlacing,  and  thus  giving  the  section  a  fibrous 
apjiearance.  In  <rther  cases  the  cells  ]>resent  no  definite  arrange- 
ment. Spindle-i'clh'd  sarcomata  are  hanler  than  the  round-celled 
varieties  and  usually  more  grayish  or  flesh-colored.  They  may  be 
quite  soft  and  white  or  tlcgenerated  and  cystic. 


difficult  sometimes  to  decide  whether  the  tumor  is  siircomatous  or 
purely  filiromatous. 

Spindlf-eellud  stircomatn  ticriir  in  tlic  dense  mmieetive  tissue 
of  the  j)eriosteum,  tendons,  and  t:i.-eiie  ;  less  iVer|iiently  in  tlie 
softer  tissues.  They  are  relatively  benign,  some  cjises  shuwing  no 
tendency  to  metastasis,  though  recurring  after  removal. 

Round -celled  5arcoma. 

Sarcomata  may  be  eomjroscd  almost  entirely  of  s|)herieid  or 
round  cells,  small  or  lar^e  in  size.  The  designations  small  and 
lai^  round-celled  sarcomata  an'  used,  but  do  lyit  really  define 
separate  varieties.    The  round  cells  when  small  resemble  those  of 


Wtt,  S^.— SnuUI  round-cvlletl  urviinn :  in  ttip  renter  li  se«n  a  blood-ressel  with  lU  wall 

uf  (.-ndothelium. 

lymphatic  organs.  There  is  little  iiitercellnhir  substance.  The 
bloofl-vcssels  may  be  quite  large  and  heniorrliages  with  seeondarj' 
changes  may  o<-etir  (Fig.  50).  The  larger  cells  contain  relatively 
more  protoplasm,  frequentlv  .several  nuclei,  and  not  rarely  diflferent 
forms  of  cells  (spindle-sliajied  aiul  polymorphous)  are  a.-sociated. 

The  nake<l-eye  appearances  of  round-celled  .sarcomata  are  usu- 
ally quite  characteristic.     They  arc  railky-white,  gray,  or  pink  in 


156 


TEXTBOOK  01 


TOLOOT. 


color  ;  sometimes  quite  soft  or  clieesy  in  the  eeiiter,  and  a  milky 
liquid  exudes.  Cystic  eltauges  and  even  calcification  may  occur 
in  tlie  center.  The  small-celled  variety  is,  as  a  rule,  softer  than 
the  larger,  thougfi  both  arc  soft. 

RouiKl-celleii  siuTumiUa  are  always  malignant,  the  small-celled 
form  heing  pfi'liaps  tiie  most  malignant  of  all  varieties. 

I^ymphosarcotna  is  a  variety  of  round-celled  sarcoma.  The 
ftppearance  is  the  same  as  that  of  the  other  forms,  but  micro- 
scopienlly  a  close  resemblance  of  stnicturc  with  that  seen  in  lym- 
phatic glands  is  discovered.  The  principal  characteristic  is  the 
reticulum  or  stroma  formed  by  l)r;>iiehing  stellate  cells  united  by 
their  prolongations.  In  the  meshes  of  this  reticulum  lie  lymphoid 
round  cells  (Fig.  51).     The   stroma   may  not  be  plainly  visible 


PXO.  6L— LjrmphftRarconid  of  nanal  mticoiu  mem!»mne :  a.  on  left  bide  a  bloorl-Tcssol,  on 
light  Bide  reticulum ;  b,  cells  of  reliuulum ;  c,  luircoma'Celli  (Ziegler). 

unless  sections  are  shaken  to  dislodge  the  cells  from  the  reticulum 
Lyraphosarennuita  occur  in  the  lymphatic  glands  and  lymphad- 
enoid  tissues  of  the  mucous  ruembranes.  Occasionally  the  tiivmns 
glaiul  and  other  organs  may  be  the  seat.  The  distinctions  from 
lymjiliadenoma  liavi;  been  discussed  under  that  heading. 

Alveolar  saxcotna  is  n  sub-variety  of  round-celled  sarcoma, 
though  there  are  always  s])iinlle-cell,s  as  well.  It  is  distinguished 
by  the  rweurrence  of  acini  tilled  v\ith  large  ruund  cells  Laving  a 
more  or  less  decided  epithelioid  a|t|)eaitHH'f.  The  stroma  forming 
the  acini  is  composed  largely  of  spindle-shiiped  cells  with  a  certain 
amount  of  fibrous  tissue  (Fig.  b'2).  The  bloiHl-vessels  supplying 
the  tumors  traverse  these  trabecuhe.  'fhe  round  cells  within  the 
alveoli  may  vary  greatly  in  size,  through  tliey  are  usually  large. 
The  macroscopic  aj>pearance  is  not  specially  distinctive;  many 
of  the  cases,  however,  are  pigmented  (see  below).  Alveolar 
sarooma  is  most  frequent  in  the  skin,  where  it  springs  from  moles 
and  warts.  It  may  also  occur  in  the  lymphatic  glands,  the  serous 
membranes,  an<l  other  parts. 

Id  some  cases  the  alveolar  appearance  of  the  sarcoma  is  due  to 
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the  fact  that  the  sarcomatous  prolilemtioii  lias  occurred  in  the 
adventjtia  of  hl(>i«l-vesscls  forming  n  plcxu.s.  In  tliis  way  the 
meshes  of  the  vascular  plexus  tiecome  filled  with  round  cells 
and  the  alveolar  appearance  results.  In  other  cases  the  alveolar 
character  is  due  to  the  occurrence  of  sarcomatous  foci  of  circum- 
scribed character  in  a  connective  tissue.  These  in  their  growth 
push  the  connective-tissue  elements  aside  and  thus  form  alveolar 
structures. 


Flo.  62.-;AlTcol«r  sBrcoma  (Warren). 

Angiosarcoma. 

In  this  variety  the  sarcomatous  proliferation  begins  in  the  ad- 
ventitious coat  of  bloixl-vessels  (pi-riflirlionia).  Curtain  authors 
have  attempteil  to  sliow  that  all  forms  of  sarcoma  originate  in  the 
bl<X)d-vessels :  this  view,  however,  cannot  be  siipiwrted.  Angiosnr- 
comata  are  met  with  in  the  serous  meiiibranes,  iu  the  skin,  and  espe- 
cially in  the  .salivary  glanils.  Very  rarely  tliey  occur  iu  other  parts 
of  the  Ijody.  The  tunntr  is,  as  a  rule,  «[uite  vascular,  but  mtiy  not  be 
strikingly  so.  Simetimes  telcangiertatic  change  in  the  blond- 
vessels  has  been  noteil.  Histologically  these  growths  are  charac- 
terized by  round-celled  mas.st:s  surrounding  the  blood-vessels. 
The  origin  of  the  cells  from  the  adventitia  may  be  evident  or  oIh 
ecure.  In  cases  in  which  a  vascular  network  is  involved  and 
each  vessel  has  a  coating  of  sareoma-cells  a  plexiform  appear- 
ance or  arrangenu'Ut  results  ( P(i:ri!\)rm  Arifjifrntrnnnu}.  In  other 
instances  in  which  a  network  of  vessels  is  involved  the  .sar- 
coma-cells accumulate  iu  the  vascular  meshes  in  t!ie  form  of  cell- 
ncsLs,  and  thus  give  rise  to  an  alveolar  form  (Ahrular  Aiit/ioisur- 
comn).  Such  forms  occur  in  sarcomata  springing  from  moles  or 
warts.     They  are  prone  to  melanotic  change.     Tlie  endothelium 
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of  the  vessels  is  ixTaf<ii>ii:i1Iy  ttie  jioint  nt'orijiia  of  vascular  sarco- 
niiita  ;  lliis  form  is  a  ran-  variety  of  erulotlieliojiia.  The  angiosar- 
coinata  are  liable  to  ilegeiieratiuus,  chietly  myxomatous  (Fig.  53) 
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Fio.  S3.— AnRioearcoma  with  myxniniitoiM  ileKencmtlnn  (cylindromn) :  the  figure  rvp- 
rencnts  one  of  the  bloo<1-ve!»ii-l!i  with  the  Mrcomaloua  celU  springlug  (torn  iU  walls,  and 

outsiile  iif  tb(;««  inyxomatoua  tissue. 

and  hyaline,  and  thus  a  certain  proportion  of  the  cases  of  cylin- 
droma [i^iv  helow)  have  their  orii^iii.  The  hlood-vessels  may  give 
way  and  heinorrhairie  iiifiltr.itinn  results. 

Aiifrinsiireoniata  are  in  a  measure  lienitrn,  metastasis  being  very 
ran.'  in  tlie  ordinary  forms.  The  alveolar  and  melanotic  varieties 
are  highly  malignant. 


Cylindroma. 

This  term  was  originally  applied  by  Billroth  to  tumors  show- 
ing gelatinous  masses  or  trabeenhe  traversing  their  substance. 
Histolugieally  different  forms  of  growths  may  be  distinguished. 
We  deal  here  only  with  Sarcomatou-fi  Cyfindromala. 

The  latter  may  be  simply  sireomata  in  which  hyaline  or 
myxomatous  deircnenitiun  has  occuvred  in  more  or  less  insular 
fa.shion,  or  in  whieli  .sireoma  and  mvxoma  are  peeiiliarly  eoiu- 
biiied.  Nearly  always  there  is  some  hyaline  eiiaiige  with  the  myx- 
omatous. In  most  ea-ses  it  is  the  angio.siireoniata  that  present  tliis 
peculiar  condition.  The  .Miircoma-eells  surrounding  the  bbuxl- 
vessels  become  converted  into  liyalomyxomatoiis  tissue  or  cause 
the  formation  of  this.     There  result  branching  columns  of  hyalo- 
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myxomatous  character  traversing  tlie  sarcoma.  In  some  cases  the 
walls  of  the  bloo<l-vesseIs  themselves  may  be  the  seat  oC  hyutine 
change  (Fig.  54),  the  proliferated  ssireoma-cells  suri'uuuding  th« 
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Tm.  M. — CTllndiom>  showing  pruiiouiievU  liy  uliue  degeneration  of  the  walli  of  the 

bloo<l-ve»»<'U. 

vessel  being  merely  pushed  aside.  The  term  Angiosarcoma  3Iyx- 
rrmatorlfs  is  given  to  these  vascular  forms,  f  VJiiidroniata  f>cciir  in 
the  salivarj'  glands,  the  brain,  the  lachrymal  glands,  and  nirely  in 
the  subcutaneous  tissues.     In  nature  they  are  more  w  less  iKnign. 

Melanosarcoma. 

Melanosarcoma,  or  pigmented  sarcoma,  is  a  form  in  which  the 
tumor  is  dark  colored  from  the  ]>n'S(:>ncc  of  black  or  brown  pig- 
ment. The  latter,  acconliiig  to  the  careful  chemical  studies  of 
Benlez  and  Nencki,  contains  no  iron,  and  is  therefore  not  .«ln»ply 
blcKxl-pigment.  Ferruginous  ]>igment  has  been  found  by  certain 
authors,  but  is  alwMvs  outside  the  cells,  and  very  pmliably  is 
accidental,  resulting  from  hemorrhagic  extra vasatiotis.  True  mel- 
anotic pigment  occurs  in  the  cells  or  intercellular  substance  as 
a  bniwnish-black  granular  matter,  or  in  tfie  cells  as  a  diffuse  stain. 
The  tumor  itself  has  not  any  definite  characteristics  asidj'  from  the 
pigment;  it  may  be  ronn<l-i'clled  (Fig.  55)  or  spindle-celled  ;  very 
frequently  it  is  angiosarcomatous  ;ind  alveolar  in  tyjie.  Melanotic 
sarcomata  most  frequently  arise  [irimarily  in  the  skin,  particu- 
larly in  pigmented  moles  or  warts,  in  the  eye,  or  in  the  pia  mater. 
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They  are  exceedingly  nialigimnt,  often  grow  Avith  great  rapidity, 
and  give  rise  to  widespread  metastasis,  tiie  liver  being  peculiarly 


[J]M 


•*i^! 


■*: 


ali 


<fT'j 


Pro.  tfi.— Melanosarcoma,  mainly  round-celled:  tmm  a  nodule  Id  the  skin. 

liable  to  involvement.  The  secondary  growths  have  the  same 
structure  as  the  primary,  and  fre(iuently  are  even  more  pigmented 
than  the  original  tumor. 


Qiant-celled  Sarcoma. 

This  variety  is  fharactcrizcd  by  the  prc.-fnco  (if  large  multi- 
nuclear  cells  rcsi'nililing  exactly  the  myolo])l:ii|ncs  i)t"  bone.  The 
reJiiaiiiiiig  portions  oi'  the  timmr  in;iy  lie  spinillc-cclled  or  round- 
ccllcd  ;  pcrli:i[)s  iiHirc  f'rcqnL'ntly  roiniil  ami  sitindli'-i'clls  are  asso- 
ciated. The  giant-cells  an-  often  exceedingly  large  and  contain 
several  or  many  nuclei  in  the  center  of  the  cell  (I'ig.  •'J6).  The 
formation  of  these  cells  is  most  likely  due  to  rapid  nuclear  multi- 
plicatinn.  In  sonic  cases  tlu'v  would  si-em  to  be  caused  by  oliliter- 
ation  and  tniiisfurniatiuu  of  cii])illary  blood-vessels  ;  but  the  theory 
that  they  result  from  a  fusion  i if  cells  seems  unwarranted.  Zicgler 
maintains  tfiat  the  jiresence  of  giant-cells  docs  not  form  an  es.sen- 
tial  ('haracteristic  of  a  peculiar  tyjK-  of  tumor,  but  that  it  is  acci- 
dental, resulting  from  continued  irritation.  Tlic  ocenrrenee  of 
giant-cells  in  sarc<inu«la  (if  bones  would  then  be  ex]ilained  by  the 
con.stant  irritation  of  the  bony  |>articles,  while  in  other  cases  the 
presence  of  masses  of  hldoii-pigment  in  the  sarcoma  accounts  for 
the  development  of  giant-cells  in  the  vicinity.  This  view  iu  sup- 
ported by  considerable  authority  and  .seems  reasonable. 

(jtant-cellcd  .sarcomatii  occur  nuwt  frerpicntly  sibout  bone,  and 
the  terms  odcoKarcomti  and  iniichiil  mrcnnia  have  been  given  in 
consequence.  They  may,  h(jwcver,  occur  in  other  situations. 
Their  nature  is  usually  benign,  metastasis  l)cing  rare. 
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tous  or  otlier  I'Imngo  may  cause  inure  or  U'sh  sofU'iiing.  The  bone 
mast  I'rwjiRTitly  involvoil  is  the  maxilla,  thi'  tutiior  known  na  epulis 
(sarconia  s|)riuy;iii'^  t'nuti  the  gtims  or  alveolar  processes)  being 
generally  a  giaut-eelletl  sjirt'oniu. 

MIXED  TUMORS. 

All  forms  of  connective-tissue  tuinor^t  may  be  associated  one  with  another; 
association  of  several  forms  iiri-.  known  iis  mixed  tumors.  V^ery  frerjuently 
there  is  more  or  less  sarcomatous  tissue  in  suth  (growths.  With  this  will  be 
found  myxomatous,  fibroniatous,  chondromatous,  or  osteomatous  elements. 
The  various  constituents  of  the  lumor  are  arranged  with  no  speoial  order,  but 
simply  present  themselves  as  masses  of  cells  or  intercellular  substance  of 
difl'erent  forms  combined  to  make  «  heterogeneous  tissuu.  .\niong  the  fre- 
i[uent  seiiLs  of  such  mixed  tumors  the  parotid  glaud  and  the  testicle  are 
most  imf)ortjint.  A  not  infrequent  eombination  is  tliat  of  sarcomatous  and 
udenomatcms  tissue.  Tumors  of  this  character  are  supposed  to  develop 
from  embryonal  "  rests,"  and  are  |)articularly  common  in  the  kidney,  where 
they  often  reach  large  sizes. 

Adrenal  "rests"  in  the  kidney  give  origin  to  the  Gr.iwitz  tumor  or 
hyperne]>hronitt,  a  tumor  largely  lomiiosed  of  cells  resembling  adrenal  cells, 
arrangea  in  adenomatous  fa.shion.     (see  Tumors  of  Kidney.) 


Chloroma. 

This  tumor  is  no  special  form  of  new  growth,  but  rather  a  variety  of 
lymphosHrcoina  or  round-celled  sarcoma  occurring  with  special  frequency 
in  the  iierinstcuni  or  the  bones  of  the  head  and  secondarily  in  other  parte 
of  the  body.  The  name  is  applied  because  of  the  peculiar  greenish  pig- 
mentation c(f  the  cells.  The  nature  of  this  pigment  is  not  certainly  deter- 
mined. Clinically  cases  of  chluroma  may  present  symptoms  of  leukemia 
or  pseudoleukemia. 

Psammoma. 

This  represents  no  distinct  species  nf  tunior-growth.  but  rather  a  pecu- 
liarity ()f  dirterent  kinds.  The  name  refers  to  the  presence  of  calcareous 
matter  like  that  of  the  braiii-sand  (acervulus  cereliri),  and  psammoma  has 
sometimes  been  called  itri-rvislimiir.  The  calcareous  matter  occurs  in  the 
form  of  rounded  masses  or  concentrically  arranged  wborl-s.  The  tumor- 
elements  themselves  may  be  fibroniatous,  gliomatous,  sarcomatous,  or  even 
adenomatous  or  carcinomatous.  In  most  instances  it  is  eudotheliomata 
that  present  these  appeiirniiees.  F'sanimomata  are  met  with  in  the  mem- 
branes of  the  brain,  the  choroid  plexus,  and  the  jiineiil  gland. 


MYCOSIS  FUNOOIDES. 

Mycosis  fungoldes  or  granuloma  fungoidcs  is  a  pathologic  condition  of 
the  skin  and  siibdermal  structures  having  certain  resemblances  to  sarcoma 
and  to  some  of  the  infections  inflanimation.s. 

Etiology. — Very  little  is  known  regarding  the  causes  of  this  disease. 
Various  bacteria,  principally  micrococci,  have  been  discovered  in  the 
lesions,  but  none  of  these  ha.*  been  shown  to  be  pathogenic.  A  few  ob- 
servers have  found  bodies  resembling  protozoa;  hut  it  is  not  certain  that 
these  were  really  niiimal  organisms. 

Appearance. — Tlie  disease  freouently  presents  distinct  atagee.  First, 
the   ^m    becomes  somewhat   swollen   and   red   and   presents  eczematous 
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lesioiM.  In  some  owes  the  appearance  is  that  of  an  erysipelatous  inflam- 
mation. In  the  next  stage  n'xlular  elevations  occur,  nnd  hnallv  tumorH  of 
considerable  size,  sometimes  Jis  [urge  as  an  oranpe,  mid  more  i>r  less  fungoid 
in  appearance.  Necrosis  is  frequent  and  watery  or  blomly  lioiiid  is  dis- 
chargitl.  The  tumors  may  have  an  angry,  red  nppenruiice,  anil  liave  been 
likened  to  tomatiies.  Rapid  disappearance  nnd  reajipearance  of  the  tumors 
are  a  peculiar  feature. 

Any  part  of  the  body  may  be  affected  and  usiially  the  lesions  are  mul- 
tiple. 

Structnre.— Microscopically  the  structure  of  the  tumors  ia  allied  to  that 
of  lymphadenomata.  There  is  ii  jirnliferation  of  eonnective-tissuo  cells 
about  the  blood-vessels  and  gluiids  :it  the  base  of  the  jiapillte  of  the  skin, 
forming  a  network  or  reticulum  in  wliicli  nuiml  (lymphoid)  cells  are  em- 
bedded. The  cells,  however,  may  be  irregular  in  furni  and  size.  Mytotic 
figures  mav  l>e  founrl.  Early  in  the  disease  the  new  formal  ci'lls  degen- 
erate considerably,  but  later  proliferation  predominates,  and  the  tumor 
results.  The  epithelium  covering  the  growth  may  be  thinned  to  ii  single 
layer,  or  it  may  show  thickening.  Iti  the  latter  case  enlarged  papillie  dip 
down  into  the  round-cell  collections  and  the  sections  have  somewhat  the 
appearance  of  carcinoma.  Epithelioid  cells  and  giant-cells  may  occur. 
The  tumors  are  poorly  supplieii  with  l>li:M>cl-ves.sels,  and  to  this  is  attriimted 
the  tendency  to  central  necrosis.  Inflammatory  intiltratiim  (polymorphous 
leukocjtes)  is  not  observed  to  any  considerable  degree,  excepting  in  the 
latter  stages  around  and  in  the  areas  of  necrosis.  Mast-cells  are  often  abun- 
dant. 

Associated  Condittons.— In  some  ca.ses  enlargement  of  the  lynvphatic 
glands,  liver,  and  spleen  hiw  been  observed,  and  has  suggested  the  term 
pteudoUukaHia  outu.  Occasionally  the  blood  presents  leukemic  char- 
acters. 

Hatnre. — The  disease  presents  many  resemblances  to  sarcoma  or  lymph- 
adenoma,  and  it  has  frequently  been  described  an  multiple  sarcoma  of  the 
-*~°-  In  other  respects  it  is  allied  to  the  infectious  inflanimations,  though 
is  much  less  evidence  of  true  inflammatory  infiltration  than  in  these. 
The  relationship  to  leukemia  and  [pseudoleukemia  is  un.'^cttled. 
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ENDOTHELIOMA. 

This  tumor,  whicli  is  also  soiiictiiiieB  dpslgnaterl  entfothdiat 
cancer,  resembles  cancer  very  clo.scly  in  liistolo^ie  iijifH'aranees  in 
some  eases.  It  appears,  however,  to  he  purely  erxlntlielial  in 
origin,  anil  therefore  rather  of  t!ie  eoiiiuTtive-tissiie  group  or  .'^ar- 
romatii.  It  atfects  tlie  pletini,  peritoneiitii,  anti  rnenibnines  of  the 
hrain  most  freipiently,  Init  may  he  foutnl  in  the  skin,  walls  of  the 
biixxl-vessels,  periosteum,  hone-marrow,  lynipliatie  glands,  gums, 
ovar\%  testicle,  liver,  antl  salivary  ghimls.  'flic  serous  memlrrnnes 
when  affected  become  greatly  tiiielieiied,  tough,  and  white  in  color 
(Fig.  58).  and  irregular  elevations  or  nodtiles  may  occur,  Meta-s- 
tasis  is  infrtKpient,  but  the  adjacent  organs  arc  sometimes  involved, 
and  occasionally  more  distant  striictiires. 

Hi.stologieally  the  tumor  is  eharaeterized  by  more  or  less 
tubular  or  aciuns-iike  agtrregations  of  endotlu'lial  cells.  The 
latter  vary  in  i-liaractcr  from  tliose  which  are  tlistinctly  eiulo-. 
theliai  to  tlie  most  differentiateil,  which  may  he  almost  typical 
cylindrical  epithelium  (Fig.  59).     Between  these  cellular  columns 
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the  sections  shows  that  the  columns  of  cpitliolioid  cells  occupy 
lymph-channels,  an<l  it  may  be  [wssihle  to  driiumstrato  that  the 
endothelium  of  the  latter  has  been  the  startinj^-point  of  the  cel- 
lular proliferation.  In  eases  of  carcinoniii  with  penetration  into 
the  lymphatic  channels  it  is  notable,  on  ilie  ntlicf  hand,  tiiat  the 
endothelial  lining  of  the  channels  is  uninvofved. 

GLIOMA. 

Definition. — The  term  glioma  is  appliefl  to  tumors  composed 
of  neurojrlia.  It  is  difficult  t»  ilistiiifritisli  between  the  cireuiu- 
scribed  tnmors  of  this  structure  an*l  the  ditfiisc  ncurogliar  hyper- 
plasia or  gliomatosis  is  met  with  in  certain  cases.  (See  section 
on  Diseases  of  the  Nervous  System.) 

Etiology. — It  i.s  probable  that  congenital  defects  of  develop- 
ment plav  some  part  in  the  eaiisatiun  nf  these  tumors,  particularly 
in  the  lornis  more  frequently  sjMiken  itf  as  gliosis. 

Appearance. — .-V  typiciil  glioma  is  usually  a  S4)litary  tumor, 
rounded  in  outline,  though  its  limits  are  difficidt  to  detennine,  as 
it  merges  gradually  into  the  surrounding  nervous  tissue.    Gliomata 


Pin.  so.— (JUi^uB  of  ihe  corpora  quadrlgvmlDa  (Pcrla). 

are  somewhat  harder  than  the  normal  bniin-substance,  and  often 
the  color  is  a  little  different,  either  more  grayish  or  pink  <tr  red- 
dish. Sometimes  they  are  quite  va.«oular  and  dark  red.  The 
normal  shape  of  the  part  may  he  a  little  disturbed,  or  there  may 
be  indefinite  elevation.  In  size  the  tumor  varies  up  to  masses  as 
large  as  a  lemon.  Diffuse  gliomatosis  causes  a  swelling  of  the 
afleeted  parts,  sometimes  quite  regular,  at  other  times  irregu- 
lar. When  the  spinal  cord  is  affected  its  thickness  may  he  con- 
siderably increased.  On  section  the  area  of  gliomatosis  is  rather 
firm  and  grayish  in  color.  Nearly  always  there  is  a  tendency  to 
excavation  or  cyst-formation.  In  the  cord  this  leads  to  the  de- 
velopment of  considerable  cavities,  as  a  rule  communicating  with 
the  central  canal. 

Seats. — Gliomata  occur  in  tlic  brain  and  less  frequently  in 
the  spinal  cord.  In  rare  eases  the  cranial  nerves  have  lieen  in- 
volved. Glioma  of  the  eyeball  will  l)e  referred  to  below,  Dif- 
fuse gliomatosis  is  particularly  common  in  the  cord.  It  is  usually 
met  with  in  the  vicinity  of  the  cavities  of  the  brain  or  cord. 

Structure. — The  minute  structure  of  glioma  varies  consider- 
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ablv  according  to  tlio  tvjx'  <»f  nciimfrlia  rcj)rcscntccl.  In  the 
typiciil  glioma  the  cells  contain  rminded  or  oval  miclei,  and  tlie 
protujilH.-sm  is  seantv,  Imt  dniwn  out  in  tine  interlacing  extensions. 
Tlii'sc  give  tlie  section  a  grannlar  apix^iiranei*  wluMt  seen  nnder  low 
niaguitication.  In  other  cases  the  eell^  arc  of  t!ie  ependymal 
type,  and  iM'cusionally  they  may  he  arranged  around  the  hlood- 
vessels  in  ni.sette-f'orin.s.  These  rorniations,  however,  constitute 
only  a  small  part  of  the  structure,  tlie  hulk  l>eing  eoinj)osed  of 
round  glia-eells.  Tiie  number  of  cells  and  the  density  of  the  "intercel- 
lular network  vary  greatly.  As  a  rule,  the-  cells  are  larger  than  the 
normal  neiiroglia-celis.  and  sometimes  they  contain  .several  nucleu 
The  tumor  is  genendly  quite  vascular,  and  occasionally  teleangieo- 
tatic  vessels  may  be  observed.  Secondary  hemorrhages  are  prone 
to  occur  in  the  latter  case.  Softening  may  oi.-cur,  and  occasionally 
sarcomatous  transformation  has  been  described,  though  with 
doubtful  propriety. 

DitTu-e  gliomatosis  has  similar  micnjseonic  appearances,  though 
the  tissue  is  likely  to  be  more  eonrpact  and  less  vascular.  In  the 
spinal  cord  the  process  begins  as  a  subepithelial  proliferation  of 
the  glia  at  the  posterior  raphe  of  the  central  canal,  the  lining 
epithelium  of  this  at  the  same  time  undergoing ii  certain  amount 
of  proliferation.  Siibscijueiitly  the  gliomatosis  increases  and  cavities 
form  within.  The-ic  may  be  lined  with  epithelial  or  epithelioid  cells 
which  are  iHrasinnally  ciliated,  (iliomato^is  in  the  bi-.iin  or  cord 
may  also  present  itself  in  the  form  of  s<-attered  uo<lular  liyixr- 
j)lasias  of  the  neuroglia. 

Nature. — Glioma  is  essentially  benign.  It  is  dangerous 
mainly  im  account  of  the  ])ressure  it  e.\erts.  Sarcomatous  trans- 
formation may  possibly  occur.  The  growth  of  the  tumor  is  rather 
slow. 

Glioma  of  the  Retina. — This  tumor  is  a  prim.iry  one  of  the  retina,  bnt 
may  IiiUt  exteiiil  lu  llir  cvitiit!!  ami  iilnnjr  the  optic  nerve.  It  xs  cuinp(»ed 
of  round  cells  vvitii  hir^ri-  iiucU'i,  (if'tni  nrniiij;ed  nnjiind  blood-vessels  in  a 
way  .suffgestiiig  the  structure  of  anjiiosftrcouia.  This  .i|>|)eMraiice  is  due  to 
the  fact  that  the  cells  surrouiidinz  the  hlood-vesist'l.*  are  preserved,  while 
those  at  a  distance  are  degenerated.  In  addition  to  the  round  cells,  there 
are  often  found  cells  resenil>hn};  etHtheliuni  in  their  appeurnnee  and  their 
arrangement,  the  latter  lieitig  that  of  epithelial  rosettes.  Uaiiglional  cells 
have  occasionally  been  di-icovered.  The  cells  resembling  epitlieliuni  have 
been  regarded  lus  derivatives  of  the  outer  layers  of  the  retina,  and  the  term 
neuro-epil/iilii»ini  hast  tlierefore  been  ap)>lied  by  some  authors.  Others  regard 
it  as  a  glioma  in  the  strict  sense  of  the  word.  In  either  case  the  origin  of 
the  tumor  is  undoubtedly  ectoderniic,  and  the  growth  must  be  classified 
among  the  epithelial  tumors.  It  occurs  most  frequently  in  children,  i>.ir- 
ticularly  in  early  life  (two  to  four  years),  and  often  on  both  sides  simulta- 
neously. Family  predisixi«ilion.  in  some  eases,  is  very  striking.  Extension 
along  the  oiitic  nerve  or  ixternaily,  and  a  tendency  to  recurrence  after 
removal,  iiiuie.tte  the  malignant  character  of  the  growth. 
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Olioma  OanKlionare, 

Definition.— This  term  indicates  a  form  of  mixed  tumor  composed  of 
neuriii.'li:i  and  nerve-libers  with  large  gauglinnar  nerve-eells. 

Etiology.— Probably  congenital  abnoriimlity  of  rlevelopitient  furnishes 
the  prouiidnnrk  for  the  sub!<equeiit  develo]>ment  of  tlii'sr*  tumors. 

Appearance. — A  ganglionar  glioma  may  resemble  the  f)rdinar>'  glioma, 
occurring  as  a  solitary  tumor,  the  outline.^  of  which  are  iliHieiilt  to  dis- 
tioguiHh  from  the  -iiirrounditig  ti.si-ue.  More  frequi-nlly  it  occurs  in  the 
form  of  multiple  nodular  coiidonsation*  .scattered  through  the  brain  or 
cord.  The  contour  of  the  allUlcii  i^arls  may  not  be  altered,  and  on  section 
the  growths  niav  be  recognized  only  by  the  light-colored  patches  and  areas 
of  increased  density.  A  few  cases'of  ganglionar  glionintn  of  the  spinal  or 
sympathetic  ganglia  have  been  de.scrii)ed.  In  these  ca.ses  the  tumors  ap- 
pear iis  rounded"  eidargcments  of  the  aflccted  ganglia.  Occiusionally  the 
nerve-root.s  are  scats  of  these  tumors;  the  suprarenal  capsules  may  also 
be  art'ected. 

Structure.— The  definition  indicates  the  usual  structure.  The  glia- 
fibrib*  are  generally  conspicuous  in  number,  the  nuclei  being  comparatively 
few.  Traversing  the  tumor  there  may  be  more  or  less  abundant  nerve- 
fibers  with  or  without  meduHary  sheaths.  Large  ganglionar  cells  m.iy  be 
found  in  considerable  aliundauei,-  or  in  small  number.  The  Viiscularity  of 
the  growths  difl'ers  greatly. 

Hature.— The  nature  of  these  tumors  is  the  same  as  that  of  the  ordi- 
nary glioma. 

NEUROMA. 

Definition. — Strictly  Hjx'akiiif;,  nuiironm  in  tlie  tt-rni  ajutliisl 
to  tumors  coinpo.sed  of  iu'rv<'-til)<'rs.  Onfinarily,  h(iw('V<T.  tlic 
name  is  jriven  to  tiUrous  );n)\vtli.s  s|iriii<i;iiig  i'rotn  the  [)crii)ctirimn  i>r 
(.■n(li)iieiiriiim  of  iiervi's.  Tlit-  terms  Irnr  aiul  fulur  unirimm  <li.s- 
tiit^iiish  between  the  twf>  turiiis.  True  iieiinimata  jire  e,\ece<l- 
ingly  rare. 

etiology. — Very  tittle  i,-»  known  reguriliiifi  tlie  eiui.sitinti. 
Injury  may  play  a  part,  as  in  the  ease  of  aiii|uitiitioii-ii(  uroiuata. 

Appearance. —  False  neuromata  oceiir  as  nutlular  tiricki'iiings 
along  the  cuiir-e  of  nerves.  They  may  he  ftisiflirin  or  ehiiigated, 
may  e.xtend  eonsiilerahte  (li.stanfert  alono;  tlie  mrvcs,  ami  may 
form  network.s  of  ridge.'i  or  elevations  when  tlie  periplieral  nerves 
are  involvc<l  (Ple.xiform  Neuroma).  As  a  rule  they  are  multiple, 
antl  sometimes  weur  in  e.xeeeilinsily  trreat  lunnbers  seattered  over 
the  entire  ImkIv  or  involvinjr  a  single  part  <d'  the  hotly,  a.s  the 
nerves  of  the  arm  i»r  leg.  After  tiniptitatiiuis  niumleil  thiekenings 
may  occur  at  the  ends  of  the  nerves  and  euti-e  painful  conditions 
of  the  stimip. 

Seats. — The  peripheml  nerves  arc  most  iVcepiently  involved, 
but  the  nerves  may  i>e  implicated  near  their  rix>ts,  or  the  terminal 
fillers  within  the  organs  may  become  affected. 

Structure. — Ordinary  false  ueiu'oma  consists  of  librotis  tissue 
in  the  (orm  of  reticular  cotuuctive  tissue  with  gn'at<'r  or  les-s 
abimdnnee  of  eell.s  pu.sliiug  a.side  or  surrouuding  the  nerve-libers 
projier.     The  latter  are  prone  to  degenenite  in  consequence  of  the 
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pressure.  Prfdiferation  of  the  nene-fibers  has  sometimes  been 
descriWed,  l)iit  it  is  doubtful  whether  suoh  aetually  omirs.  More 
probably  tlie  existirifr  fibers  increase  iti  luii^tli  ami  form  a  mai» 
by  eurliofi  at  the  end.  True  ncuniniata  ot"  two  kiuds  are  de- 
!seril)('d  :  tliuse  eoniposed  of  tneduliated  ami  tliose  eonsistiuj^  of 
non-medullated  nerve-fibers.  The  former  are  ealled  myelinic,  the 
tattrr  amtjdiniv. 

Nature. — Neuromata  are  painful  tumors,  but  benign  in  a 
pathologic  sense.  *rheir  growth  up  to  a  certain  point  is  often 
rapid. 

LEIOMYOMA. 

Definition. — Leiomyoma,  or  myoma  liBvicellulare,  is  a  tumor 
containing  smooth  nmsele-fibers.  Nearly  always  there  is  a  cer- 
tain amount  of  fibrous  tissue  as.sociated,  and  in  tlie  most  com- 
mon form,  myomata  of  the  uterus,  there  is  always  considerable 
fibntus  tissue,  and  the  term  fibromyoma  is  appropriate.  Occasion- 
ally a  few  unstripeil  muscle-cells  may  bo  seen  in  tumors  of  other 
kinds. 

Etiology. — Some  of  the  myomata  of  the  uterus  exhibit 
glandidur  acini  in  the  interior  awl  surest  a  congenital  origin. 
This,  however,  is  by  no  means  certain.  In  other  cases  there  are 
features  suggesting  that  irritation  is  the  imjMtrtant  «iuse,  though 
this  alsi>  remains  to  lie  pn>ve«l. 

Appearance. — LeioniyomaJa  are  usually  rounded  growths, 
varying  iti  size  from  minute  nodules  to  huge  s^ilitl  masses  weighing 
as  much  as  sixty  to  seventy  jwunds.  The  largest  (heaviest)  solid 
tumor  I  have  ever  seen  was  a  degenerated  fibromyoma  weighing 
eighty  iKjunds.  Leiorayomata  arc  surroundwl  by  a  cajisule  more  or 
leas  well  developed  anil  are  generally  qnite  hard,  though  secondary 
degener.ition  at  times  alters  the  consistency,  making  the  tumor  quite 
sott  in  the  case  of  mucous  transformation,  or  stony-hard  wlien  cal- 
cification has  occurred.  On  section  through  the  growths  the 
stratified  or  fasciculated  arr.uigement  of  the  cells  is  visible  to  the 
naked  eye.  Concentric  layers  may  Iw  apparent,  or  a  more  vrAvy 
irregularity  may  be  seen.  Tliey  are  grayish  or  flesh-colored,  or  in 
rare  instances  quite  red  (myoma  cavernosum)  in  consequence  of  en- 
largetl  vascular  chaimels.  Central  softening  may  lead  to  cystic 
change  (myoma  cysticuni). 

When  the  myomata  spring  from  the  submucous  or  subserous 
tissues  they  may  become  polypoid,  hanging  from  a  point  of  attach- 
ment by  a  narrow  pwlicle.  In  rare  instances  the  latter  is 
severed  and  tiie  tumor  becomes  a  free  botly.  Submucous  myo- 
mata of  the  uterus  may  thus  eventually  be  discharged  after  a 
spurious  lalx)r.  Subserouij  myomata  may  become  free  in  the 
peritoneal  cavity. 

Myomata  of  the  uterus  may  have  three  »itnations — submocoa*.  sub 
aerous,  or  interstitial.      In  the  latter,  the  tumor  occupies  the   wall  of 
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the  uterus  without  any  tendency  to  project  I'articiilarlv  toward  either  ^ur• 
face.  Uterine  myomnta  are  usually  multiple,  occur  durinp  the  third  and 
fourth  decades  of  life,  continuing  their  growth  until  the  nieiioymusf  and 
usually  decreasing  after  that  epoch.  They  endanger  life  by  their  pressure 
and  by  the  copious  uterine  hetnorrhagea  which  thev  occasion.  Very  fre- 
auently  salpingitis  is  associated,  and  recently  attention  ha.->  been  called  to 
aegenerateu  conditions  of  the  myocardium  in  patients  suffering  from  uterine 
fibroids. 

Myomata  of  the  skin  occur  in  younger  patients,  even  in  childhoud,  and 
are  generally  multiple  and  often  jminful  (tuberculn  dolorosa). 

Seats. — The  common  situations  are  the  uterus,  the  gastro- 
intestinal tract,  and  the  ovaries  ;  the  lefis  common  t^QoXn  are  the 
walls  of  the  bloml-vcssels,  the  skin,  ami  the  nipple.  In  all  situa- 
tions the  tnmor  spriups  from  pre-existinp  inistriped  mnsde-tiber. 
In  most  ea.ses,  according  to  some  authors,  the  origin  is  in  the  walls 
of  the  minute  hlood-ve.ssels,  but  direct  oriijiu  from  the  nniseidar 
layer  of  the  affectetl  organs,  or  from  the  erectores  pilomni  in  the 


iKi.  61.— Leiuuiyuiuii  of  utenu. 

if  the  skin,  cannot  be  denied.     Myomatous  metaplasia  of  the 
live  tissue,  as  in  the  case  of  myomata  ortginatiuf;  in  the 
8  of  old   pleural  thickening,  has  been    assumed,  but  is  im- 
probable. 

Stractttre. — As  has  been  said,  as.sociation  with  fibrous  tiasue 
is  usual.  Microscopically  the  tumor  presents  a  eltaracteristic 
appearance.  Bundles  of  muscle-cells  are  seen  nuining  in  tlifferent 
directions.  Those  cut  longitudinally  show  cylindrical  nuclei  as 
the  most  conspicuous  feature,  the  outlines  of  the  cell  being  indis- 
tinct (Fig.  61).  Where  the  cells  are  transversely  cut  the  nucleus 
iresents  a  circular  outline  with  clear  protoplasm  surrounding  it. 
"he  picture  of  a  leiomyoma  is  often  suggestive  of  sarcoma,  but 
mav  be  distinguishe<l  by  the  greater  n'gularity  in  direction  of  the 
lis  in  different  bundles  and  by  the  more  distinctly  cylindrical  out- 
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line  of  the  nucleus.  The  colls  of  leiomyoniata  may  bf  isolated  by 
mawrntion  of  the  sections  in  20  \\er  cent,  solution  of  nitric  acid 
for  twenty  minutes,  or  in  .'iO  jier  cent,  solution  of  cinistic  jxitash  for 
iifteen  niiiuitcs.  They  sire  •^]»iiulle-sh:i|)eil  struntiires  containing  a 
nucleus  about  one-thinl  the  Icugtb  of  the  entire  cell. 

Leiomyoniata  are  freiienilly  jioor  in  blood-vessels,  but  may 
show  a  teleanu;iectatic  con<litioii  of  tlie  vessels.  The  lymphatic 
spaces  may  similarly  dilate,  forming  cystic  spaces  containing 
spwtani'ously  coaLiulaMe  material. 

Of  till'  deireiienitive  ebanjres  calcification  is  the  most  common, 
particularly  in  the  uterine  tibromyciniata.  This  begins  iu  the 
center  of  the  tumor,  but  may  eventually  involve  the  whole  mass. 
Myxt>matous  change  may  (X-cur  in  niyomata  containing  much 
fibrous  tissue,  an<l  sjin'oniatous  transformation  has  been  described, 
but  is  nire. 

Nature. — The  nature  is  eminiMitly  benign,  Myomata  of  tlie 
digestive  tmct  may  cause  occlusinu  or  stRingulation,  or  by  their 
weight  nvay  exercise  serious  traction.  Uterine  myomata  are  tlan- 
gerons  in  tb.e  ways  already  indicated.  The  growth  is  usually 
slow. 

RHABDOMYOMA. 

Definition, — Rhabdomyoma,  or  myoma  striocellulare,  is  a  tu- 
mor enntaining  mon' or  less  strij)ed  muscle-fiber.  I'suallv  there 
is  but  a  small  <|uantity  of  the  latter,  the  bulk  of  the  tumor  being 
of  some  otiier  tissue,  most  frequently  sarcomatous. 

etiology. — Congenital  defective  development  seems  an  iui- 
iiortant  cause,  as  the  tumors  occur  in  early  life  and  in  situations 
111    wiiii-h  striped   oinselc-fiber  does  not  noriiialiv  occur. 

Appearance  and  Seats. — The  rliaiidniiiyoiuata  of  the  kid- 
ney (the  most  fretpicnt  .-icat)  present  tliemselves  as  large  rounde<l 
or  irregidar  masses,  more  or  less  encapsulated.  In  the  testicle 
they  are  similar,  though  of  smaller  size.  A  few  ca.ses  have  been 
described  in  whirh  irregular  tumors  of  the  retroperitoneal  tis.sues 
have  contained  musclc-fibi-rs. 

Structure. — The  niicroscopic  appearance  is  usually  that  i»f  a 
si)iiidle-eelled  .sircnnia. containing  moreor  less  striped  muscle-fibers. 
These  are  elongtited  siviiidlo-sbaped  cells,  jKirtly  striated,  and  sug- 
gesting embryonal  musc!e-ti.s,sue  and  rarely  more  fully  develitpe«l 
muscle-fibers.  I^arge  areas  of  the  tumor  may  contain  no  muscle- 
fiber  at  all,  while  certain  jwrtions  an-  richly  supplie<l.  Adenoma- 
tous elements  are  not  rarely  as.sociated.  The  tumors  of  the  kidnev 
which  contain  striped  muscle-fil>ers  are  iu  the  main  sarcomatous  <Ir 
aden  osa  rcomatons. 

Nature. — These  tumors  are  malignant  in  propirtion  as  the 
•lement   is   predominant.     Metastasis    is,    howev 
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infrequent.    General  cachexia  and  homorrluiges  refliice  tlic  vitality 
and  lead  to  fatal  termination. 

PAPILLOMA. 

Definition. — The  term  |)a|*iilnriiu  inilicates  a  tumor  arisiujj 
from  the  surtace  and  covereil  vvitJi  ejiitlielium  rcjire^eiitiMg  mtiiv 
or  les>  accurately  the  structure  of  tlie  pa|>illii'  of  the  .skiu. 

Etiology. — It  is  ditHcuU  todr.iw  a  line  Uctwecn  certain  paf)!!- 
lomatous  growths  that  are  the  result  of  chnniic  irritation  :nnl  utiiers 
that  arise  in  a  seemingly  s|M)ntanc()us  nianiier.  It  wcMild.  appear 
that  irritation  is  an  im|>ortant  factor  in  njost,  if  not  ail,  <'jises,  liut 
there  is  also  no  doiiht  soitic  form  of  predisposition.  Wlsctiier  tin's 
■sides  in  structur.*.!  peculiarities  or  not  is  diHicutt  to  determine. 
A  peculiar  firm  of  iidhiinniatory  growth  resenii>liiig  the  spoiita- 
uciius  papiilornata  is  tliat  known  as  rcncn'til  tnuf.  It  iK:cursahout 
the  genitalia  or  anus  and  especially  after  g(»norrhea.  Another 
form  of  inflamniaton-  papillomata  is  ttiat  found  in  the  niucoua 
membranes  surrounding  carcinomata  or  chronic  ulcerations  of 
syphilitic  or  other  kinds. 

Appearance. — The  must  familiar  fortii  of  p;ipillunia  is  that 
which  iM'curs  in  the  skin  and  which  is  commoidy  called  wart. 
Warts  or  [mpillonuita  may  he  single,  hut  more  fr<'<juently  occur  in 
gn>«j>*,  and  there  may  he  many  g^^wth,s  in  widely  smttered  anas 

of  the   lMn]y.     A    wart   may  lie   simjily  a 

smooth  hcmi.-.pherical  I'Icvation,  or  it  UTay 
lave  a  cauliHower  ujipeannir'e.  The  e|)i- 
lennis  covering  it  ir,  as  a  rule,  somewhat 
ore  granular  or  rough  than  is  that  of  the 
normal  skin.  The  size  of  these  growths 
varies  from  minute  ]>oints  to  nodutes  as 
■large  as  a  walnut,  f  )n  the  nuicous  surfaces, 
especially  where  the  »'|iitliclial  covering  is 
ct)lunjnar,  the  jcipillonni  presents  itself  as 
a  soft  and  more  distinctly  cauliHower 
growth  (Fig.  62).  It  is  red  in  color,  or, 
if  the  epithcliimi  is  stratified  and  sipianions, 
grayish  or  pink.  The  grouth  is  usually 
conip:irativc|y  hard  when  covered  l>y 
squamous  epithelium. 
[  Two  varieties  are  .sometimes  distin- 
guished. The  hnrd  papUhnmiia,  such  as  f,,,.  „j-p»,,iii,„„ai,u.fii.e 
those    which    occur    in  the  skin,  and   the    vo<;«i((.r<i5  ifrnnioy't';""i» 

-  .,,         ,  I        ■•  11  In  the  Museum  i>f  the  Phila- 

■ift  ftnptlfomnlri,  or  the  torm   usually  seen    deiphia  Ho«piui). 
the  mucous  membranes. 
Seats. — Papillomata   occtir   in   the   skin  of  the  neck,  hands, 
back,  and  other  parts,  and  in  tlie  nmcous  nienihranes,  particularly 
in  the  hiarhler,  laryn.x,  nasal  chamhers,  and  gastro-intestinal  tract. 
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Small  |)a|iilliiiuatuiis  mitgrowtlis  may  -ipriug  from  tlie  lining  tncm- 
braiic  of  jrlaudiilar  diirts,  as  in  tlu'  lnvast  or  ovan'.  These  may 
]viu\  U>  siih.M-qiicnt  rystir  c-liange  in  the  organ,  or  tlicy  may  arise 
alliT  cystic  change  has  begun  by  proliferation  of  (lie  lining  mem- 
brane of  tlie  cvfit. 

Stmcture. — The  eswiitial  {lurts  of  j»a]MHonia  are  the  center 
or  groinulwork  of  c(*nncctivc  tissne  containing  blomi- vessels  and 
the  epithelial  covering.  In  the  skin  the  growth  imitates  the  nor- 
mal iMijiillii',  all  portions  <if  the  latter,  however,  being  greatly 
exaggerated.  When  there  is  tendency  to  cauliflovver  appearance 
the  papilloma  shows  a  branching  form  on  vertical  section.  Ejich 
of  the  branches  contains  a  conncctive-tissiie  framework  with  an 
e|iithdial  covering.  The  latter  ccmsi.'^ts  of  .stnitifietl,  squamous  cells 
and  shows  a  tlecidctl  tendency  to  horny  change.  Distinct  concen- 
tric whorls  of  horny  epithelium,  such  as  oi'cur  frefpiently  in  epi- 
thcliomata  of  tlic  skin,  may  be  met  with  in  pa])illMmata.  In  wmie 
eases  the  amount  of  coiuiective-tis.siie  groundwork  in  the  pajiilloma 
is  exce.ssivc  ;  in  others  the  new-growth  consists  almost  entirely  of 
proliferated  epithelium.  In  some  of  these  latter  cases  the  re.sera- 
bhiuce  to  epithelioma  may  be  quite  suggestive,  but  a  distinction 
can  be  made  by  observing  that  the  luiuur  tends  to  grow  outward 
rather  than  mto  the  ilecper  structun's,  and  always  shows  stime 
eonneetive-tisHiie  stroma  at  least.  Tlic  pa|)illomata  tif  the  mucous 
membranes  differ  aceonling  to  their  situation.  In  the  larynx  and 
other  portions  covered  with  squamous  epithelium  they  may  present 
much  the  same  appearance  as  that  seen  in  the  skin,  though  the 
epithelium,  as  a  rule,  remains  .softer.  There  are  cases,  however, 
in  which  a  distinct  pacliydi'rmatous  change  is  found  in  the  epi- 
thelial covering  of  pa|(illomatu.  In  the  gastrfi-intestinal  tract  and 
in  the  bladder  papillumata  an'  prone  to  be  soft  and  vilUms  in 
appearance  atid  arc  covcreil  with  a  sivantier  epitliclial  coating. 
Cystic  change  is  not  unusual  as  a  result  of  degenerative  processes 
or  of'  distention  of  the  mucous  glands. 

Nature. — The  nature  of  these  tumors  is  benign,  but  they  may 
be  destructive  of  the  general  health  in  consctpience  of  repeated 
hemorrhages  or  by  interfering  witii  the  function  of  the  org-an  or 
part  in  which  they  are  situated.  In  some  cases  they  are  supposed 
to  become  malignant,  but  this  has  not  been  definitely  proved. 


ADENOMA. 

Definition. — Adenoma  is  the  term  applied  to  a  new-growth 
corresponding  more  or  less  in  structure  with  i-eitain  epithelial 
glands,  and  therefore  presenting  acini  or  tubules  containing 
glandular  epithelial  cells  {cylindrical  or  polyhe<lral)  and  a  reticu- 
lum of  comicctive  tissue  and  blood-vessels.  It  is  difficidt  to 
separate  simple  glandular  hyperplasia  on  the  one  hand  and  carci- 
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noma  on  the  other  haiul  inim  true  n 
cu*»e<l  in  referring  to  the  structure. 

Etiology. — The  eausiition  oV  atleuonia  is  oiistnirc.  In  mnne 
ca.scs  (.'ongenital  niisiiiat'eineuts  of  tissui'-flt'uieiit.s  apjiear  U>  p!av 
a  part,  as  is  seen  in  tlie  oases  of  afleuomatu  of  tlic  kidney  having 
the  stnictiire  of  supnironal  l)Ofliei».  These  tiiiimrs  vvliieli,  it  is  true, 
some  authorities  refuse  to  consider  as  adeuDhiata,  have  a  tr<''ii'i'al 
resemhlanoe  to  adenomata  jniii  spring  from  remnants  of  sii|)nireiial 
tissues  crabe<ldo<l  in  the  kidney-snbstauc'.  Tnunnatism  may  lie 
a  factor  in  the  etiology  by  exciting  the  prfiliferation  of  sneh  mis- 
placed tissue-elements.  In  other  cases  the  ordinary  glandular 
structures  seem  to  be  stimulated  to  abnormal  hyper|)!asia  and 
tunior-growth  in  eonsequeni-e  of  eontinued   irritation. 

Appearance. — The  ;i|»|H'anuu'<'s  of  adcimmata  vary  greatly 
witli  tiieir  sejit.  On  the  mueiMis  siu'taees  th<'re  may  be  a  simple 
thickening  or  more  or  less  ditfuse  and  irregtrlar  elevation  of  the 
surface,  or  in  other  oases  distinct  papillomatous  (uitgrovvths  ami 
mr»'ly  definite  no<bi!ar  tumors.  Iti  some  f  these  <'ases  the  eondi- 
tion  is  purely  one  of  inflammatory  hyperplasia  ;  in  other  eases 
there  is  undoubted  ttMiior-grnwtb.  No  slairp  deniiiri/ation  enti  be 
established.  In  the  substance  of  the  organs  adenumata  oreur  as 
n<Hlular  tunu>rs,  usually  singly  and  well  ciremnscril)e<l,  and  not 
rari'ly  snrrouniled  by  a  (ibrniis  capsule.  They  aiv  nioilerutely 
firnif  and  on  section  whitish  or  ]>itd<  in  color.  Sonu'tinics  cystic 
change  occurs  as  the  result  of  dihdation  of  the  glandidar  acini  or 
in  consctpicnce  of  <legenerativc  softening;  in  these  cases  the  con- 
sistence is  corrcsjHindingly  altered. 

Seats. — Among  the  situations  iu  wiiicli  adenoma  is  freipieiit 
may  be  nientioneri  the  mucous  niemliranes,  tiic  skin,  and  certain 
or^ns,  notably  the  ntanunary  gland,  liver,  kidney,  supriiremd 
btnlies,  thyroid  gland,  and  ovaries.  ( 'linically  impurtant  seats  are 
the  jiylorus,  the  duodenal  pajiilln,  the  reetmii,  and  the  uterus.  In 
the.'H'  situations  adenomata  spring  from  the  epithelial  tubides  or 
mucous  glands.  In  the  skin  the  points  of  origin  aiT  the  sebaceous 
and  sweat-glands. 

Structure. — The  definition  in  general  indicates  the  structure 
of  these  tumors.  They  are  more  or  less  typical  ;  that  is  to  sav, 
there  are  acini  of  normal  apjiearance  pit'senting  a  single  laver  of 
columnar  epithelintn,  with  |ktIui|)s  in  i)lac<'s  a  tendency  to  heujiing 
up  tlie  several  rows  of  epithelial  cells.  These  acini  are  well  in- 
closed by  a  surroiniding  connective-tissue  reticiduiu,  and  the 
appearance  of  normal  gland-tis.sue  is  tints  prodiieed.  I'nlike 
normal  glands,  there  arc  no  excretory  duet.s,  or  at  nm.st  ini[Kn- 
fectly  developed  ducts. 

Two  varieties  of  adenoma  are  sometimes  distinguished,  the 
tubular  and  the  racemose  or  alveolar.  In  the  former  the  glandu- 
lar system  is  simple  and  consists  of  tubular  formations  lined  with 
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columnar  epithelial  cells ;  in  the  latter  the  appearance  is  that  of 
more  complicated  glands  with  closely  aggregated  acini  of  circular 
outline  containing  columnar  and  often  cubical  or  polyhedral  cells. 
The  number  of  varieties  may  be  carried  further,  however,  for  in 
the  liver  the  adenomata  resemble  the  normal  liver-structure  rather 
than  the  ordinary  glandular  formation  above  described,  while  in 
the  suprarenal  capsules  and  kidney  the  appearance  is  that  of 
slightly  atypical  suprarenal  structure,  or  in  other  cases  that  of 
embryonal  renal  tubules. 

With  the  further  growth  of  adenomata  the  appearance  may  be 
little  changed.  In  other  cases  considerable  variations  occur,  and 
there  is  a  tendency,  more  marked  in  some  situations  than  in 


Fig.  6S.— Destructive  adenoma  (Beyea). 

others,  to  active  proliferation  of  the  epithelium,  which  may  cause  a 
considerable  alteration  in  the  appearance  of  the  tumor,  and  event- 
ually tranpforniation  into  dofinitt^  carcinoma.  In  other  cases  the 
structure  from  the  beginning  is  so  atypical  and  the  epithelial  pro- 
liferation so  irregularly  active  that  the  term  adenocarcinoma  is 
applicable. 

The  connective-tissue  stroma  of  adenomata  may  be  moderate 
in  quantity  or  may  be  considerable.  In  .some  adenomatous 
proliferations  of  the  mucous  membranes  the  number  of  gland- 
acini  or  tubules  may  be  relatively  small,  while  the  interglandular 
connective  tissue  shows  active  round-cell  infiltration  to  a  very 
considerable  degree.  Sometimes  the  interglandular  tissue  is  dis- 
tinctly sarcomatous  (adenosarcoma).     In  other  instances  the  bulk 
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of  the  tumor  may  consist  of  connective  tissue  of"  tihroiis  cliaracter 
in  whicli  are  embedded  a  relatively  small  nuiiilxr  of"  glandular 
alveoli.  In  all  of  these  cases  it  is  difficult  to  deterniiiie  whether 
the  connective-tissue  process  was  primary  and  the  epithelial  sec- 
ondan.',  or  the  reverse. 

Secondary  clianges  are  common,  the  adenomata  of  the  stom- 
ach and  uterus  beinjr  fmrticularly  pi-one  to  ehaiiijc  their  char- 
actor  to  that  of  carciniiina.  Iii  these  cases  there  may  he  noted 
active  proliferation  of  the  epithelial  cells,  so  that  the  acini  or 
alveoli  become  completely  tilled,  or  that  the  ends  of  the  tubular 
structures  become  blocked  up.     There  is  a  temlency  to  extension 
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.  M. — ^Adcnonu  of  the  numinBry  elnml,  with  cyatic  enlargement  of  adnl  and  abundant 
Interglandular  hyperplasia  uf  connectiTe  tissue. 

'epithelial  infiltration  beyond  the  limits  of  the  acini,  cancerous 
outgrowths  being  the  result.     In  otiier  cases  the  malignancy  is 

'^manifested  by  the  excessive  epitlielial  i)rolifenition  in  the  fijrm  of 
new  aciai  of  irregular  character  (Fig.  03).  Thi.s  form  is  known 
as  deMrudive  adenoma,  ndrnoma  dcntmciw*,  or  adenocam'norna. 
Eventually  the  tumor  may  become  purely  carcinomatons ;  in 
other  cases,  however,  it  continues  to  increase   in  siw,  always  rc- 

^taining  its  adenocareinomatoiis  appearance,  but  never  becoming 
typically  carcinomatous. 

Degenerative  changes  may  be  met  with  as  in  other  tumors. 
Hyaline  transformation   or    prwluction    may  give  the    tumor   an 
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uppcaraiK'L'  justifying  tJu'  tfnn  "  rylinch-oma  "  or  '' eylindro-aden- 
oiuu."  SiK'li  t-usc's  are  i-aiv.  Mvxoniatous  aiul  even  cali-areous 
cliaii^o  may  .soiiiftinics  hv  alifHTVctl.  Tlie  cumu'ctive-tit-sue  stroma 
may  proliieratc  at'livtly  iiud  a.ssuiue  .sarcouiatous  appcaranccB — 
atleiiorijirconia.  Cystic  change  may  residt  i'roiu  gradual  dilata- 
tion ot"  the  frlandular  aeiui  or  irons  distention  ot"  normal  ducts 
or  alveoli  ot'tlie  gluud  in  wliieh  tlie  tiinmr  occurs.  In  tliesc  cas*3 
the  term  cy.stic  adctuima  or  »'yst-adeaniiia  is  ajijilieable  (Fig.  64). 

Nature. — Adenomata  are  Ix'nigi)  tumors.  In  some  case*, 
however,  a  pure  adenoma  may  give  rise  to  metastasis.  Tiiose  uf 
the  liver,  for  example,  not  rarely  cause  swondary  de{)osits  in  the 
epleen  and  less  frequently  elsewhere.  The  adenomata  of  the 
thy  mid  trland  similarly  cause  metastasis,  tliouph  it  i.s  less  certain 
tiiat  thf-c  are  to  lie  eonsiilered  as  pure  adenomata.  Destructive 
adi'iitiiiiata  or  adenKcan-iniirnata  are  malijrnant  in  proportion  to 
the  amount  of  eareinoinatous  tr.in.-t'oi'uiation. 

The  effwt  of  adenomata  on  the  general  health  is  variable. 
They  do  not  eiintrihute  to  the  orgjuiic  metabolism  as  far  as  is 
kmtwn.  tiiiitii;h  occasionally  hiliary  piijmentation  of  the  adenomata 
oi"  the  liver  anil  the  secretioji  uf  niilii-likr  (lui<l  in  nuuumari- 
adi'tiiimata  evideuee  the  partial  pi'eser\ati()ii  of  function  by  the 
cells.  The  general  health  may  be  unfavorably  influenced  by 
adeuomata  of  the  nuicous  surftices  in  consetjueiice  of  their  inter- 
ference with  normal  fiiiu'tious  <ir  in  consctptencc  of  secondary 
ulceration  and  hemorrhage. 


CARCINOMA. 

Definition. — The  term  carcinoma  or  cancer  may  be  applicti  to  < 
tumors  in  which  epithelial  proliterations  in  the  form  of  s^did  Ijhx'ks 
oreohunns,  or  in  the  form  i»f  atypical  acini,  separated  by  more  or  less 
connective  tissue,  ])r('sent  lhemselv<'s,  the  e])ithelial   prolit"eration 
showing  a   tendeiu'V   to  extend   !)eyond   normal   anatomic  limits.        i 
It  is  extremely  diifieult  to  construct  a  definition  that   will   l)e^| 
universtilly  aiiplicable.     Some  have  regsmled  the  tendency  of  the  ^^ 
epitlielial   ]»rtili(eration  to  lireak   t!ni>ugh  thi-  normal   limits  and 
extend  l)eyond  the  conliiies  of  the  <'pilhelial  structures  from  which 
it    rises,  jts    the    im[>orfaut    fundamental    elemei*(    of  carcinoma. 
Othei"s  have  held  that  there  is  a  pecidiar  atypical  cliaraeter  in  the 
epithelial  cells  ttiemseive.s,  shown  i>y  irregular  cell-division,  hyj>er- 
cnromatosis,  and  otiier  features.     The  older  authors  believed  that 
polymorphism  and  certain  irregularities  of  cell-contour  suffice  to 
distinguish  carcinoma-cells  from  nornuil  cells  or  those  of  otiicr 
tumors  ;  but  this  ]iolyniorphism  is  now  recognized  to  be  the  result, 
entirely  of  compression  in  the  growtli  of  the  tumor,  and   to  be 
therefore   accidental.     Some    have    believed    that   the    term  car-l 
cinonia  shoidd  include  all  epithelial  tumors  giving  rise  to  metas-l 
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taiiLs,  but  this  necessarily  restricts  tlie  term  too  greatly  »m  the  one 
hand,  and,  on  the  other  hami,  inchulcs  certain  tumors  prohaKlv 
purely  adenomatous.  I  jireTi'r  to  regard  jts  eairinonia  auv 
epithelial  growtii  atypieally  reprodueinij;  cti'tain  frlamlular  or 
other  structures  ami  showing  a  nmnifVsl  tendency  to  irregular 
extension. 

etiology. — Tiie  causes  and  nature  of  rareinonia  arc  still 
obscure.  A  nuinlHT  of  theories  have  been  otfercd.  These  niav  he 
consi<lered  inidcr  liiffcrcnt  lu-adiugs. 

(«)  Congeaital  Theory. — The  theory  of  Cohnheim  regarding  the 
etiology  of  tumors  in  general  is  less  ap]>lieai>le  to  cancer  than  to 
cert;iin  other  gmwths.  There  are  a  fvw  examples,  however,  which 
would  seem  to  prove  that  niisplaee<l  epithelial  cells  undergo  car- 
cinomatous proliferation  ;  for  exaiu]>le,  there  are  eases  of  ajijmr- 
ently  primary  careinnma  springing  from  bones  which  would  seem 
to  require  this  cxplanaliuu.  It  is  not  always  certain,  however, 
that  such  cases  are  actually  jtriiuary.  They  may  represent  mctas- 
tiises  from  small  primary  gr()\vtlis  which  have  esca]>ed  notice. 
The  raritv  of  csircinoniata  in  earlv  life  would  seem  to  netrative 
the  congenital  theory,  and  at  all  events  wonhl  show  that  other 
irirtuenc«-s  of  importance  are  re<piisite.  Of  late,  a  niinrber  i>f 
hypotlieses  that  in  a  measure  contain  the  idea  of  congenital 
origin  ha%'0  been  put  forward  to  exjilaio  the  formation  of  car- 
cinoma. In  these  there  are  assumed  sunie  form  of  peculiar  irregu- 
larity in  cell-multiplication,  and  a  tcndeiTcy  to  independent  pro- 
liferation supposed  to  ori^iuate  in  faulty  development.  These 
hypotheses  arc  vague  and  uncertain. 

(i)  Traamatic  Theory. — Clinicians  are  incliuer]  to  give  great 
weight  to  this.  A  single  traumatism  prrihably  has  little  import- 
ance, though  women  frequently  state  that  they  recall  distinct 
injuries  from  which  can.'inrtnia  of  the  breast  has  seemed  to 
originate.  It  must  Ik"  recalled  that  such  injuries  are  snsbiincd  bv 
practically  every  wuman,  and  the  ])rc-i'nce  of  carcinoma  wmdd 
readily  be  attributed  to  a  |)rceeding  hurt.  In  cases  of  cpitlie- 
liomatu  of  the  lip  in  pi|>e-sniokcrs,  in  the  carcinomata  of  tiie 
scrotum  and  limbs  in  chimney-sweeps  and  paratfin-worker-, 
and  in  cases  of  uterine  carcinomata  following  laceration  of 
the  cervix,  the  eS'ect  of  chronic  irritation  would  seem  U>  be 
important. 

(c)  Infectious  Theory. — The  jxieuliar  t.'ro\vth  of  cancer,  its  de- 
structivencss  of  the  general  health,  and  its  mettistasis  readily 
suggest  an  infective  origin.  Bacteriologists  sought  to  isolate 
micro-organisms  without  success ;  later  investigators  have  tinniod 
their  attention  to  low  forms  of  animal  life,  protozoa,  (For  further 
iliscussion,  see  Animal  Parasites,  i  A  fi'W  successful  experiments 
have  l)ccn  made  at  implantation  frutn  man  to  animals,  or  froni  one 
animal  to  another;  but  as  Hauau,  one  of  the  i'i-w  successful  ex- 
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perimenters  in  this  work,  himself  states,  these  experiments  do  not 
prove  intL'ctiousness.  The  secomlary  jfrovvths  in  the  seeond  ani- 
mal may  be  sim])iy  of  the  nature  of  metasta.siti,  tine  to  implantation 
of  the  caneer-iiellri  with  stiliseqtient  proliferation. 

A  renewal  of  ai'tivity  in  the  study  of  the  etiology  of  cancer 
during  recent  years,  and  witli  all  the  advantages  of  modem 
methods,  has  thus  far  led  to  no  iiositive  result.  Statistical  evi- 
dence, the  probable  eases  of  accidental  infection  in  surgeons  and 
others,  the  more  or  less  unsatisfactory  results  of  experimental 
inoculation,  and  the  distribution  of  cancer — all  add  probability  to 
the  infectious  theory,  but  it  must  be  confessed  that  the  evidence 
is  not  positive. 

Among  vegetal>le  organisms  to  which  etiologic  significance  has 
been  attrilyuted  are  the  blastoniycetes,  which  some  investigators 
claim  to  have  found  in  evcr\'  cancerous  growth  examined,  and  the 
assumed  importance  of  which  is  fiirtlier  ba.sed  ujion  the  results 
of  experimental  infections  with  cultures  of  the  orgiinisms.  The 
invariable  occurrence  of  blastomycetes  has,  however,  been  dis- 
proved, and  the  experimental  lesions  are  probably  not  analc^us 
with  carcinoma. 

(d)  Tumor-dyscrasia. — This  indefinite  term  is  supposed  to  indi- 
cate a  tendency  to  cancer-growtb  probably  due  to  peculiarities  of  the 
liquids  of  the  bwly.  No  proof  of  the  existence  of  any  definite 
dyscrasia  has  ever  been  furnished,  though  it  is  apparent  on  study 
that  sfime  form  of  disposition  to  this  growth  acts  as  the  predis- 
posing cause,  even  if  traumatism,  infection,  or  other  factors  sure 
the  immediate  cause. 

Age  plays  an  important  part  in  the  formation  of  can-inoma, 
as  this  tumor  is  essentially  one  of  advanced  years.  Among  275 
cases  collected  by  Lubarsch,  55. (5  per  cent,  occurred  between  the 
ages  of  forty-five  and  sixty-five.  There  were  a  few  instances  in 
cnildhowl  an<l  early  life.  Between  fourteen  and  nineteen  there 
were  1.40  per  cent.;  between  twenty  and  twenty-five,  1.8  per 
cent.;  between  twenty-six  and  twenty -nine,  1.1  per  cent.  The 
frequency  in  later  life  was  formerly  ascribed  to  some  alteration  in 
the  vitality  of  the  epithelial  cells,  rendering  theni  more  liable  to 
abnormal  prolifcnitiitn.  The  nature  and  cause  of  such  alteration, 
however,  remain  obscure  and  theoretical,  though  there  is  certainly 
a  greater  tendency  to  cancer-growth  as  age  increases. 

Heredity  was  formerly  regarded  as  of  great  importance.  Cer- 
tainly in  some  ciises  there  seems  to  be  hereditary  transmission  of 
the  tendency  to  develop  carcinoma. 

Appearance. — Carcinomata  difTer  considerably  in  apjjearance 
in  different  parts  of  the  body.  Those  of  the  surfaces  present 
themselves  as  more  or  less  nodular,  flat  elevations.  In  the  skin 
the  nodules  may  remain  hard  and  rather  smooth,  or  they  may 
soften  upon  the  surface,  forming  unsightly  ulcerations.     In  the 


Fio.  <6.— Meuuutlc  niKlulea  of  carelnoros  «n  the  surface  of  the  liver  (Hanoi  and  Gilbert). 

These  vary  jireatly  in  cinsi.stency,  some  lioin^  nlmnst  .«tnny  hard, 
otliers  soft  in  consequence  of  their  propemtleratinii  cclhilar  char- 
acter or  of  secondary  degenerations.  On  section  tlie  tnmor  is  found 
to  he  white  or  grayish  in  cohir,  generally  somewhat  transhicent 
and  glLstening,  and  milky  liquid  may  ooze  from  the  surface.    Cap- 
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siile-fornmtion  is  rarely  seen,  though  in  occasional  instances  the 
iiormitl  coiinwtivf  tisfiiR'  uf  the  cirguu  is  pressed  oiitwanl  l\v  the 
gi'Mwlli  <it' thi^  ttiiiior,  and  thus  j'urms  jui  imperfect  eapsulf.  The 
priuiury  grrnvth  is  uearly  always  solitary.  Occasionally  instances 
are  iihsiTVi'il  in  which  two  scpanite  musses  develop  simultaneously 
and  apparently  inilepcndeut  "if  each  other:  as  in  thi'  two  breasts. 
More  fivquently  :i])pariiit  mnltiplieity  is  causetl  by  the  early  ap- 
pearance and  ntpid  growth  of  metastases. 

Secondary  careiuomata  are  nottular  in  character  and  nearly 
always  multiple.  Tiie  larger  are  often  distinctly  encapsulated. 
Central  softening  or  contraction  of  connective  tissue  may  give  the 
surface  of  the  nodule  an  und)ilicated  character  (Fig.  66).  The 
utmihcr  varies  greatly,  frmii  a  few  large  or  small  n<xlules  to  iunu- 
merahle  tubercle-like  forms  in  (/attra/  carciiiomalonift.  In  some 
situations,  as  in  lumes,  seci>iidarv  carcinoma  lias  an  infiltrating 
character. 

Seats. — The  sitnalions  in  which  carcinoraata  occur  are  very 
numerous  ;  they  invariably  arise  from  pre-existing  epithelial 
structures.  In  tlie  rare  instances  in  which  a  jHvsumably  primark' 
<areitionni  has  occurred  in  bone  or  other  conueetive  ti.ssnes,  the 
presumption  is  warnuUed  that  the  tumor  originated  from  remnants 
of  epithelial  ti.ssue  left  by  faulty  development.     Among  the  fre- 

Suent  places  of  origin  the  most  important  are  the  uterus,  the  skin, 
le  gastrointestinal  tniet,  particularly  the  esophagus,  pylorus,  and 
rectum,  the  mamniar^'  gland,  the  ovaries;  less  fre(|Uently  the  liver, 
kidney,  thyroid  gland,  jirustate,  or  testicle  may  he  the  starting- 
point.  Secondary  eareinomata  curiously  do  not  often  afl'ect  j)arts 
in  which  the  prinuirv-  growth  is  frequent.  Of  the  many  scats 
of  secondary  carcinoma,  tlie  lymphatic  glands,  the  liver,  spleen, 
lungs,  heart,  and  serous  ineud)ranes  are  the  most  important.  Sec- 
ondary earcinonia  of  the  bones  is  specially  frequent  after  carcinoma 
of  the  breast  or  the  thyroid  gland. 

Stmcture. — The  histology  of  careinoma  varies  greatly  in  dif- 
ferent situations  and  in  ditleri'ut  forms.  There  an-  two  <li.stinct 
elements  involved — viz.,  epithelial  cells  and  a  connective-tissue 
stroma.  The  ejiithelial  cells  are  mediinu-sized  or  large,  and  have 
a  rather  large  and  cleiir  nucleus;  the  shajie  of  the  cell,  however, 
differs  widely.  In  epitheliomata  of  the  skin  the  cells  are  large  and 
of  a  squamous  variety.  In  eareinomata  of  mucous  membranes  they 
are  moreoften  cylindrical  or  cnlumnar,and  there  is  a  tendency  to  the 
formation  of  cuboidal  or  polyhedral  epithelium.  The  last-named 
forms  are  hal>itiially  present  in  the  cancers  of  glandular  organs. 
The  mutual  compression  exercised  may  occa.*ion  a  polymorphous 
cliaraetrr,  and  tlie  older  writers  wrongly  reganled  this  as  a  feature 
by  which  a  carcinoma-cell  could  be  recognized  as  such.  Secondary 
changes  may  occasion  wide  variations  in  the  appearance  of  the  cells ; 
thus  the  epithelia  of"  cancers  of  the  skin  tend  to  become  arranged  in 
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I  concentric  whorls  and  at  the  same  tinio  to  become  somewhat 
glbtoning  from  hurny  trnnsftirniatioii  (Fig.  67).  Thf  mick'us 
may  be  clear  and  quite  stnifturelei^s,  or  may  show  a  distinct 
nucleolus  and  a  definite  chnniiatin  ni't\v<ii-i<.  Kiiryokiiictic  (in- 
ures may  be  quite  ahun<l:int  :md  ;ire  frequently  atypical.  Defjeii- 
erative  changes  (dropi^ical  infiltration,  myxomatous  change,  fatty 
degeneration)  mav  alter  the  nucleus  na  well  as  the  body  of  the 
ceQ. 

The  epithelial  cells  are  usually  grouped    as    cylindrical    and 
branching  or  anasttuuosing  columns,  or  as  irregular  tubular  forma- 
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tioDS,  the  tubules  being  of  varying  lengths.  Very  often  the  sec- 
tion shows  all  the  tubules  cut  transversely,  and  thus  the  apjiear- 
ance  of  glandular  acini  is  given.  In  some  cases  the  tubules  are 
short  and  acinus-like  ;  as  a  rule,  however,  the  appearance  is  only 
due  to  the  manner  of  .section.  The  acini  differ  strikingly  from 
those  of  adenoma  iu  showing  several  or  niany  layers  of  cells 
instead  of  one,  and  there  is  the  further  diifercnee  that  cellular 
outgrowths  may  be  seen  at  the  periphery  of  the  acini,  the 
cells  having  broken  through  the  retaining  wall  (basement-mem- 
brane) and  proliferated  outside  to  form  new  clumps  (Fig.  68), 
On  examination  of  the  cjiithelia  within  tlu-  acini  it  is  found  that 
those  of  the  jieriphcra!  layer  frequently  retain  the  columnar  clwr- 
acter  seen  in  the  normal  alveoli  of  the  gland  from  which  the  tumor 
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springs.  The  ctmnfctivc-tissue  stroma  of  carcinoma  is  more  or 
less  dense,  but  prnctically  is  always  of  fibrous  character.  It  is 
arrangwl  in  such  manner  as  to  form  hollowed  spaces  or  columns 
in  which  the  epithelial  structures  alrf.itly  described  are  embedded. 
Frequently  infiltnitini;  Ir-ukocytes  nnd  ]ilasnia-cells  or  mast-cells 
are  seen  witiiiu  the  stroma,  and  the  latter  also  liears  the  vascular 
channels  that  supply  the  tumor. 

The  above  description  ajiplies  to  the  ordinar}'  carcinoma  of 
glandular  orgtins.  DiflcTeiices  are  observable  in  the  cancers  of 
the  skin  and  other  external  surfaces.  In  these  the  .structure  is 
rather  that  of  much  enlaffrfd  pnpillfc  pMietrating  into  the  deeper 
tissues.     The  cells  are  similar  to  those  of  the  deeper  layers  of  the 
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skin,  are  larsrer  than  those  of  glandular  cancers,  and  more  transTo^ 
cent,     Ilolloweil  alveoli  are  exce]>tional. 

Degenerative  Changes. — Carcinomata  are  (jniti-  jirone  to 
degenerations.  In  nearly  all  cases  in  which  the  tunmr  has  reached 
considenible  size  more  or  less  fatty  degeneration  of  the  cells 
becomes  apparent.  Preceding  this  or  associated  with  it  may  be 
cloudy  swelling  ctr  dropsical  intiltnitiou  of  the  cells,  remlering  the 
nuclear  outline  less  distinct  ami  sometimes  causing  vacuolations. 
Irregular  and  midtiform  nuclear  tlegenerations  are  met  with,  and 
probably  weasion  some  at  least  of  the  structuivs  known  as  para- 
sites of  cancer.  The  epitheliomata  of  the  skin  are  particularly 
prone  to  a  horny  transformation,  this  occurring  first  and  most 
prominently  in  the  concentric  whorls  already  described.     In  the 
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adcnocarcinomata  of  the  ovaries  and  otlitT  genital  organs  of  women 
the  degenerated  epithelial  cells  frequently  undergo  ealcareous  infil- 
tration, and  psammoniata  are  thus  fortued.  Colloid  degeneration 
of  the  epithelial  cells  is  a  rare  event,  and  the  term  colloid  cjineer  is 
generally  a  misnomer,  the  real  degeneration  in  most  of  these  being 
myxomatous,  atfecting  the  eonnective  tissue  priueinally,  though 
the  epithelial  cells  are  to  a  <'ertain  extent  iiivolveii.  Complete 
degeneration  by  myxomatous  or  associated  niyx<miatous  and  fatty 
change  may  destroy  all  of  the  eliaracteristics  of  the  original  tumor. 
In  some  cases  cystic  transformation  occurs  in  organs  the  scat  of 
<sincer,  or  in  the  cancer  itself.  This  may  Ix'  due  to  occlusion  and 
subsequent  dilatation  of  the  ducts  of  the  <jrgan  or  of  the  acini  in 
the  tumor,  the  cystic  spaces  liecoming  tilled  with  mucoid  or 
gelatinous  material.  In  some  instances  cystic  carciuomata  are 
secondary  developments  originating  in  cystic  adenomata.  Hyalin- 
change  and  pigmentation  are  r.ire  in  cancer. 

Inflammatory  pnx^esses  are  quite  common.  Cancers  on  free 
surfaces  are  prone  to  undergo  ulceration  in  consequence  of  irrita- 
tion and  infection,  .\mong  the  niicro-ftrganisms  discovered  in 
such  instances  the  sta|iliyli)eoccus  and  streptoecKX'Us  are  cous|)icu- 
ous.  A  distinct  erj-sipelaU^ns  inflammation  may  occur  in  enucers 
as  in  other  structures.  Invasion  of  tubercle-bacilli  and  the 
deposit  of  miliar\'  tubercles  in  carcinoma  are  nirc  events,  though 
they  sftmetimes  occur,  Associations  of  careiuoma  and  tuberculosis 
or  syphilis  may  in  other  oases  result  from  the  seromlarv  growth 
of  cancer  in  pre-existing  gummatous  or  other  sypliilitic  lesions  or 
in  lupus.  Practically  all  carcinomata  show  some  h'ukocytic  infil- 
tration.    The  amount  of  this,  however,  varies  greatly. 

Nature. — Carcinoma  is  essentially  maligiuuit,  the  degree  of 
malignancy  dejx'uding,  however,  njKJU  tlie  seat  and  upon  certain 
peculiarities  of  t!ie  itidivdiial.  Sometinics  a  small  growth  may 
remain  practically  latent  for  a  long  time  until  accidental  circum- 
stances, like  traumatism,  intercurrent  disease,  pngnancy,  or  the 
like,  stimulate  active  growth. 

Carcinoma  exhibit-;  all  the  elements  of  malignancy  :  the  ten- 
dency to  recur  after  removal,  metastasis,  and  geui-ral  destruction 
of  the  health.  Rccurrenee  after  removal  is  most  readily  explained 
upon  the  asstmiption  that  the  entire  growth  has  not  been  re- 
moved. Microscopic  stuilies  show  that  the  area  of  infiltration  is 
usually  much  greater  than  the  naked-eye  appearances  would  indi- 
cate, and  this  explains  why  the  surgeon  cannot  well  remove  the 
whole  disease.  MetastJisis,  as  a  rule,  follows  the  lymphatic  chan- 
nels, and  thus  primarily  involves  the  lymphatic  glands  in  the 
neighborhood  of  the  growth.  The  process  ma\'  be  explained  as 
follows :  some  of  the  epithelial  cells  in  their  advancing  prolifera- 
tion penetrate  the  lymphatic  channels  and  are  carried  in  the 
lymph-stream  to  the  nearest  lymphatic  gland,  where  they  again 
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proliferate  and  furra  sccondarv  iKx]uk';« ;  from  tlicso  a  similar 
extension  (xnirsi,  and  cvoritiially  wido.'^pri'ad  metastasis  results. 
Less  fre(|iieiitly  the  priniarv  growth  penetnites  the  walls  of  a  vein 
and  metiistasifi  occurs  thnuigh  the  circulation.  This  is  quite  com- 
mon in  the  ca.se  of  cancers  of  the  rttoniacli  or  intejitiiies.  The 
metastatic  fr>ct  tirsrt  spread  through  the  portal  einnilation  to  the 
liver,  In  still  otlier  instances  secondary  growths  result  from 
meehaniiMil  tninsportation  in  the  movements  of  the  IxkIv  ;  thus 
in  carcinoniata  of  the  abdominal  orgjins  the  peristaltic  move- 
ments may  transfer  particles  to  ditf'erent  juirts  of  the  aUlominal 
cavity. 

Pathologic  Physiology. — The  general  health  of  {latients  suffer- 
ing with  ean-inoma  is  nfi'eeted  very  jirofliundly,  though  the  man- 
ner in  which  tliis  occurs  remains  obscure.  It  would  seem  to  be 
of  the  nature  of  a  to.xeraia.  Emaciation  and  loss  of  strength  are 
habitual,  though  often,  perhaps,  in  large  part  the  result  of  inter- 
ference with  organic  functions,  as,  for  example,  in  carcinoma  of 
the  stomach.  Progressive  anemia  may  iiiidic  its  appearance,  the 
red  corpuscles  becivming  less  abundant  and  the  quantity  of  hemo- 
globin falling  decidedly.  There  is  usually  a  moderate  amount  of 
leukocytosis,  the  large  mononuclear  forms  increasing  particularly. 
Towanl  the  end  of  life  the  tissue-<lestrnetion  increases  greatly, 
though  the  excretory  products  of  such  may  not  be  notably  in- 
creased in  the  excretions  in  con.-equence  of  f'ailing  circulation  and 
imperfect  iienal  function.  At  this  stage  the  aceuuiulation  of  such 
products  in  the  blood  may  lead  to  .sudden  death  from  coma  (see 
Acid-intoxication).  HcmoiThages  and  ulcerations  may  also  con- 
tribute to  the  impairment  rif  health  in  cases  of  cancer. 

Varieties  of  Carcinoma. 

There  are  scA-eral  forms  of  cancer  sufficiently  different  to  re- 
quire separate  description.  The  classifieatitm  of  these  is  generally 
based  ujion  the  character  and  arrangement  of  the  epithelium.  We 
mav  distinguish  (1)  carcinoniata  composed  of  surface-epithelium, 
either  {a)  stpiamous  or  (h)  cylindrical,  and  (2)  glandular  carcino- 
mata,  having  either  ('i)  more  or  less  distinct  adinnniatous  structure 
or  (6)  solid  plugs  or  colunnis  of  epithelial  cells,  or  (c)  a  mixture 
of  acini  and  solid  columns. 


Epithelioma. 

This  form,  which  consists  of  surface-epithelium,  is  of  two 
varieties,  the  sqnamtnis  and  the  cylindrical. 

Squamous  epithelioma  occurs  in  the  skin  or  mucous  mem- 
branes, Avhere  squamous  epitheliuiu  exists  normally.  Among  the 
frequent  seats  are  the  lips,  the  esophagus,  the  larynx,  and  the  cer- 
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vix  uteri.  Occasionally  sfniamous  epithelioma  arises  in  parts  nur- 
mallv  covered  by  other  kinds  of  ('pitholiiiiu  ;  as,  for  example,  in 
the  fiiniliis  of  the  iiterns.  In  these  in.'^tain-cs  tJiere  is  prohahly  a 
primary  metaplasia  itf  the  cpitlu-liiim  fultowed  by  eareitioniatons 
growth.  Sqtiamiius  epithclioriuita  jiresent  tlieniselves  as  nodular, 
wart-like  elevations  of  the  skin  or  nmeoiis  nienihrane,  tending  to 
become  ulcerated  on  the  surfaee.  Those  of  the  nineous  surfaees 
are  more  elevated  ami  softer.  Histolofrieally  there  are  seen  hmneli- 
insr  columns  of  epitlielial  cells  extendinj^  (low  nuurd  from  the  pa- 
pilhe  of  the  skin  into  the  deeper  structures.  These  eonsist  of 
large  translucent  s<jtianious  cells  which  shnw  a  teudeney  to  arr-aiifjc 
themselves  in  eertiiin  places  concentrically  to  iorm  epithelial 
perle*.  The  latter  frequently  uuderijo  a  liorny  transformation 
and   sometimes   even   calcareous   chanire   (Fig.   69).     The   same 


L  Flo.  SB.— Sqnunoiu  eplthi'lli<mn,  shnwinK  whorln  '>r  epithelial  cells  with  central  <legeii- 

^^L  eration  (from  a  pbotognph  by  Dr.  W.  M.  Uray). 

^^  stnictures  occasionally  occur  in  ln'iiiirn  ]Kipill(imat.a,  but  much  less 
freijuently.     Metastasis    is    frequently    seen    in    the    neigliboriug 
lymphatic  glands,  but  tlie   malignancy  is  less  marked  than  in 
^_^ glandular  carcinomata. 

^B  Cylindrical  Epithelioma, — Tfiis  form  is  composed  of  co- 
^Vlumnar  or  cylindrical  epithelium.  It  is  frequent  in  the  mucous 
^f  membranes,  especially  in  the  gastro-intestinal  tract  and  the  uterus. 
F  The  epithelial  cells  of  the  tubular  glands  ctr  sometimes  those 
of  the  surfiices  form  the  .Htarting-j»oint  of  the  growth.  More 
[or  less  acinus-like  tubular  structures,  composed  of  a  layer  of 
epithelial  cells,  or  niori'  frequently  of  a  number  of  layers  of  epi- 
thelia,  the  outer  layer  being  often  distinctly  columnar,  constitute  the 
characteristic  feature  of  the  tumor  (Fig.  7U).  In  the  later  stages 
tlie  acini  become  filled  with  pmlifenitcd  epithelial  cells  of  various 
shapes  and  the  cylindrical  or  tubular  character  of  the  acini  is  lost. 
Carcinomata  of  the  kidney,  liver,  and  mammarj'  glantl,  though  not 
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originating  from  surfacf-epitlicliiim,  strictly  spcnking,  may  be  of 
tho  oyliiulrical  form.  Cylindrioal  t-pithelioinata  more  nearly  re- 
semble tlie  glandular  carcinoniata  in  their  malignancy  and  general 
behavior  than  the  squamous  variety. 


FiQ.  '0.— Cylindrical  epithelioma  of  the  Inlcstlae  (Perk 


Glandular  Carcinoma. 

This  term  inchides  the  cjircinomata  that  have  a  resemblance  I 
to  raeemnsp  glamls  in   their  histologic  stnictiire.      They  consist 
of  acini  or  alveoli  containing  cjiitlu'lial  cells,  nsually  in  several 
layers  or  completely  filling  the  Innicn,  and  a  stroma  of  connective 
ti^snc.     Some  authors   distinguish   three   fornix :    the  simple,  tlie  ^J 
medtdlary,  and  the  scirrhmix.     These  arc  sinvjjly  variations  of  the^f 
same  tumor.     In  the  simple  form  there  is  a  combination  of  epi-^1 
thclinm  and  stmma  in  about  the  ])rof)ortion  seen  in  normal  glands. 
The  tumor  is  thcrefbre  neither  strikingly  hard  nor  soft.      In  the  ( 
medullary  or  .soil  carcinoma  the  amount  of  epitheliinn  is  exce.«sivej 
and  the  tumor  has  a  soft  ciuiracter  (Fig.  71) ;  uhilc  the  scirrhous, 
or  hard,  cancer  is  an  indurated  ibrm,  due  to  excess  of  fibrous  tissue] 
and  deficiency  of  tlie  epithelium  (Fig.  72), 

The  glandular  cancers  arc  mure  or  less  no<lular  or  infiltrsiting 
growths  varying  in  consistency  in  different  cases,  but  having  mi 
section  a  glistening  while  color  with  a  certain  amoinit  of  translu- 
cency.  ililky  liquid  e.xudes  from  tlie  surface  on  section.  This 
is  composed  of  albuminous  fiuid  containing  degenerated  epithe-l 
Hum  and  free  oil-fIro])lets.    Among  the  seat.s  in  which  these  forms 
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degeneration  of  the  connective  tissue  as  well  an  of  tlif  cpitliclial 
colls  is  discovoretl  (Fig.  73).  In  sonic  cases  no  tr.iiT  of  cari'lnom- 
atou^  tissue  may  he  discoveraljlc,  the  wliule  tniiior  iiaving  lUKiiT- 
gone  degeneration.  .Smietinies  thf  priH'iss  involves  the  e|>itlu'[iuin 
rather  than  the  connective  tissue.  Colloid  caneurs  fre((iK'iitly  spri'ud 
l»v  direct  extension,  and  the  entire  ahdoniinal  cavity  may  beeoine 
filled  with  gelatinous  material,  rci>ri'sei)ting  clegenerated  sfcoiularv 
growths.  Occasionally  the  same  kind  of  peritoneal  growths  seem 
to  originate  priniarilv  in  the  peritoneum,  springing  from  fetal  rem- 
nants of  epithelial  tissue  (Fig.  74). 

True  colloid  cancer — ^thut  \b,  carcinoma  with  colloid  degenera- 
tion of  the  epithelium — is  sonn'times  seen,  though  it  is  ver\'  mre. 
It  occasionally  causes  a  gross  appi-araure  resenililiug  that  of  sar- 
comatou."  cylindroma,  and  the  term  carcinomatoim  c)//indfoma  has 
been  applied. 


» 
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SYNCYTIOMA   MALIONUM. 

This  term  is  applied  to  a  form  oi"  tnnior  originating  at  the 
placental  site  during  pregnanry  or  tlif  jHterpi-rium.  It  has  also 
Doen  called  deci<luoma  maligiinin,  sarcoma  deciduoeellulanj, 
destructive  epithelial  tumor  of  the  placental  site,  and  ehorio- 
epithelioma. 

The  tumor  occurs  as  a  hemorrhagic  intiltratiug  growth,  some- 
what resembling  ])lacental  tissue  in  gross  a]»|n^arance,  and  fre- 
quentlv  gives  metastasis  hy  hrraking  into  tlu>  Idood-vessels.  The 
nictastitic  nodules  are  found  in  the  external  genitalia,  frecpicntly 
in  the  lungs,  les.s  often  in  the  liver,  spleen,  or  other  organs.  The 
growth  is  rapid,  the  uterine  wall  being  tpiiekly  invaded  and  met- 
astasis occurring  in  a  short  tiiue. 

The  nature  of  this  tumor  is  still  the  subject  of  some  eoutn)- 
versy.  Two  types  of  cellular  elements  are  recognized  in  its  struct- 
ure. One  of  these  consists  of  irregular  masses  of  ]»roto]tlasm  iMin- 
taining  dark  nuclei.  The  nuclei  probably  tiudtiply  In-  direct 
dixnsion.  These  protoplasmic  masses  are  arnuiged  in  islands  or 
in  branching  columns  which  ibnn  a  network.  In  the  meshes  of 
this  network  are  b!ood-s])accs  containing  thrombi  or  masses  of 
blo<vl-corpu.scles.  Sometimes  masses  like  those  above  describ«'d  are 
found  within  the  bloo<l-spaees.  The  second  form  of  cells  consists 
of  .smaller  irregtdar-shaped  elements,  which  are  unusually  rich  in 
clycc^n.  an<l  in  which  <'<>ll-<livision  by  karyokinesis  is  (>l>served. 
These  cells  lie  in  nuisses,  of  greater  or  less  size,  between  and  beside 
the  larger  prr)toplasmic  areas  Itefore  describcti.  In  the  later  stages 
of  the  growth  oblitenitive  thrombosis  of  the  vessels  leads  to  necro- 
«i8  of  the  cellular  constituents,  parti<-nlarly  of  tin'  colnurnsof  large 
epithelitini-like  cells.  These  are  converted  into  homogeneous 
fibrinous   ma-sses,  and  even  the  thrombi  themselves  may  degen- 
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erate.  The  view  of  Marchand  repinliug  the  nature  of  these 
tumors  is  most  widely  accepted.  He  holds  that  tlic  larger  cells 
are  derivatives  of  tlie  syncytium  (a  stniettirp  composed  of  epithe- 
lial cells,  probably  of  fetal  origin),  while  the  smaller  cells  are 
formed  from  the  epithelial  covering  of  the  chorion  \\\\\  (Langhan's 


1 

% 

w 

Fio.  7f).— a,  Fibrin,  with  numerous  gmall  round  c*ll»  caUEht  In  the  mciihvt ;  6.  cell* 
resembling  deciduit]  cells,  probably  »  prollferatinn  uf  the  Langbnn's  cells :  d,  proloplonoic 
tnanet  containini;  large  f^ce  nuclei. 

cells).  The  tumor,  therefore,  is  epithelial  in  natnre,  and  it  has 
malignant  properties.  It  difFe^l^,  however,  from  ordinary  epithe- 
lioma and  from  carcinoma  in  its  peculiar  structure  and  in  it«  clin- 
ical course  and  dissemination. 


CYSTS. 

Definition. — T\\\s  term  imduden  pathologic  formations  of 
varied  character.  Some  are  true  tumors  ;  others  are  of  quite  dif- 
ferent nature. 

The  terna  cyst  is  applied  to  pathologie  formations  consisting  of 
a  more  or  less  wellnlelined  wall  and  enclosing  liquid  or  semiliquid 
contents  of  different  character  fnmi  the  surrounding  parts.  This 
definition  is  not  entirely  applicable,  as  certain  stnictures  that  do 
not  present  a  definite  fap.sitle  are  sometimes  termed  cysts.  Ac- 
cordingly we  may  distingnisli  iK-tween  trw  (•i/nfs  and  cyst-like 
formations  <)r  cifHtoidx,  the  former  being  enclosed  by  a  capsule 
lined  with  epithelium  or  endothelium;  the  latter  merely  present- 
ing a  circumscribed  collection  iif  softened  material. 

Classification. — Aecurding  to  the  methfHl  of  formation,  we 
distinguish  retention-cysts,  softening-cysts,  cysts  due  to  the  pres- 
ence of  foreign  botlies,  and  proliferation-cysts. 
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Retention-cysts  are  formed  when  the  excretory  ducts  of  a  gland 
ifcoiue  occluded  and  the  secretioiia  accumulate  and  cause  disten- 
aou  of  the  acini  or  of  parts  of  tlie  duct.     Among  such  cysts  may 

named  the  distentlecl  sebaceous  glands  of  the  skin  in  the  forraa- 
ftions  called  weiis;  the  cysts  of  the  salivary  or  small  mucous 
glands  or  ducts  under  the  tongue,  called /-fiyui/ar;  retention-cysta 
formed  in  the  urinifcrous  tubules,  the  tubules  of  the  ovary,  or  in 
the  parovarium,  in  the  acini  and  ducts  of  the  mamma?,  pancreas, 
and  other  glands.  An  entire  orgsm  may  become  converted  into  a 
cyst,  as  in  cases  of  distention  of  the  kidney  (hydronephrosis)  from 
obstruction  of  the  ureter. 

These  cysts  are  distinguished  by  the  fact  that  tliey  have  a  dis- 
tinct connective-tissue  wall  lined  with  epithelium  or  endothelium. 
The  contents  of  the  cyst  depend  upon  the  part  in  which  the  forma- 
tion has  taken  place. 

Softening-cysts  occur  in  consequence  of  degenerative  softening 
of  normal  or  jwthologic  tissues.  They  are  not  rarely  the  result 
of  hemorrhage,  the  bloml-clot  first  becoming  inspissated  and  then 
serous  exudation  occurring  in  tlie  area  of  hemorrhage.  Softening- 
cysts  are  very  common  in  tumors  fif  different  kinds. 

Cysts  due  to  foreign  bodies  are  in  part  softening-cysts.  The 
tissues  in  the  immediate  vicinity  may  be  injured  and  undergo 
necrotic  softening,  while  connective-tissue  reaction  produces  a 
capsule.  This  form  of  cyst  is  most  frequently  the  result  of  in- 
vasion of  parasites,  and  the  cyst-contents  may  be  comjw.sed  of 
pthe  parasite  or  the  parasite  and  tissue-elements  more  or  less 
iegenerateil. 

Proliferation-cysts. — This  term  is  applied  to  fiinnations  more 
closely  analogiws  to  true  tumors  than  those  mentioned  before. 
They  merit  more  extende<l  deseriptiun  than  the  other  forms  of 
Dysts,  and  may  be  designatetl  as  epithelial  cysts. 


K 


Epithelial  Cysts. 

Definition. — In  certain  glandular  organs,  notably  the  ovary 
and  mammary  gland,  cystic  fi>rm;ttions  iRieur  which  present  strik- 
ing appearances  ;  and  timugh  jM-rbaps  they  represent  adenomatous 
r  carcinomatous  new  growths,  are  so  striking  as  to  deserve  special 
ention. 
Etiology. — Tbfse  growths,  in  part  at  least,  result  from  ob- 
atruction  of  excretory  ducts  and  stilj.sequent  irritation  by  retained 
cretions.  Congenital  abnormalities  of  structure  may  possibly 
play  a  p.irt  in  their  causation. 

Appearance. — Cystomata    may   be   single   or   multiple,  the 
tire  tumor  being  cwmposfd  either  of  a  single  cyst  or  of  one  large 
'cyst  subdivided  into  many  .smalhr,  or  again  of  numerous  separate 
and  tujc<innecte<l  cysts  of  varying  size.    On  section  the  cystic 
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cavities  are  foiiml  to  contain   more  or  less  serous  or  gelatinous 

li((ni(l,  and  soaictiincs  heinorrlingic  fluid  is  ol)served.  Most  fre- 
qmnitly  the  liquid  i?  tjeliitiuoiis  or  ro|)y,  and  is  commonly  spoken 
of  as  colloid  luatcrial.  Tlio  inner  liniiii;  of  tlic  cyst  may  be 
smooth,  like  a  serous  or  niiieous  surllicc,  or  elevated  irregularly  in 
tlie  form  of  jwlypoid  outgrowths  into  the  cavity  of  the  cyst.  The 
entire  cyst  may  thus  be  lillcd  with  papillomatous  elevations  from 
the  epithelial  lining.  The  Icrni  jiitpiHifcruiiK  or  jiro/ifcrntive  ci/xt- 
omaia  is  given  to  these  forms  (Fig.  7G).     The  size  of  cystonuita 


Fig.  ■ 


-PuplUirurous  ftdiiiiiey.'iloma  nf  thu  kiiliKy  (Knrn  aii'I  Schinorl). 


varies  from  minute  tumors  not  larger  tlian  a  jiea  to  enormous 
masses  weighing  as  mneh  as  sixty  or  eighty  |)onnds.  Secondary 
degenerations  may  occur  in  the  form  of  softening,  hemorrhage,  or 
calcifieation. 

Seats. — The  mamniary  gland  and  ovary  arc  the  princijial 
situations  in  which  tumors  of  this  <tcscription  are  met  with,  hut 
analfigous   growths   may  make  their  appeanmce  in  any  of  tliel 
glandular  organs. 

Structure. — Microscopically  these  growths  present  cystic! 
CJivitics  lined  with  typical  <ir  miMlified  colunuiar  epiilicliuni  and  a 
stroma  or  rctieuium  of  connective  tissue.  The  auioujit  of  the 
latter  and  tlie  appeaianee  fif  the  cysts  themselves  vary  in  dift'ercnt 
cases.  At  times  the  stroma  is  very  al)undant  and  takes  the  form 
of  well-orgsmizetl  fibrous  tissue,  while  the  cysts  ami  acini  are  small 
and  few  in  nuinher.  In  these  cases  the  apj)earance  suggests  a 
primary  )irt>liferative  eomir-ctive-tissue  process  with  secondary 
implication  of  the  epitiielial  elements.  Such  cases  occur  particu- 
larly in  the  mammary  gland,  ami  there  is  dilHculty  in  separatir 
them  siiarply  from  instances  of  chronic  interstitial  niastitis  or  di 
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fuse  fibroma.  In  other  instances  the  protcss  manifestly  begins 
with  the  formation  of  epithelial  acini,  and  the  liyperjjlasia  of 
the  connective  tissue  is  certainly  secondury.  Tiie  acini  in  these 
cases  present  themselves  as  hollow  spaces  of  varying  shiifw  anil 
size,  often  branchinu;,  and  lined  with  coliimniir  epithelium  in  a 
single  layer  or  sometimes  with  several  layers  of  more  or  less  dif- 
ferentiated columnar  epithelium. 

Nature. — These  cystic  growths  often  have  a  <leeided  tendency 
to  malignancy.  They  may  remain  benign  throughout ;  but  fre- 
quently they  undergo  csircinomatons  change  and  spread  widely  or 
give  rise  to  metastasis.  The  lualigiKiney  is  generally  in  pro]M)r- 
tion  to  the  amount  of  the  epithelial  jirutii'eration  and  |«ipillil'erou8 
change,  but  there  are  instances  in  which  metastasis  oi-curs  frtun 
adenocy.stomata  having  regular  glan<l-afini  lined  with  single  layers 
of  typical  columnar  cells.  The  cystomata  of  the  ovary  not  nirely 
extend  to  the  surface  of  the  orgtin,  break  thmugh  tlic  cajisiile,  and 
present  upon  the  surface  as  jxipillary  growtiis,  and  frequently 
they  extend  to  the  peritoneum  and  neiglil)oring  structures.  The 
entire  abdomen  may  be  involved.  At  tlie  same  time,  or  in  other 
[cases  independent  of  such  direct  extension,  metastatic  de{>osit8 
may  be  seen  in  ne-arby  lymphatic  glands.  Somewhat  the  same 
conditions  may  Ite  observed  in  cystoma  <d'  the  bivast,  liut  in  this 
situation  the  tumor  is  niucii  more  frequently  conlined  within  the 
capsule  of  the  organ. 
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TERATOMA. 

Definition. — The  term  teratonm  is  applied  to  tumors  of  pecu- 
liar njixetl  character,  representing  ditferent  eleiiicnts  of  complex 
les  or  structures  in  a  situation  in  which  these  do  not  normally 
T.     For  example,  the  most  frequent  form  of  teratoma  contains 
rious  epidermal  structures,  such  as  hair,  teeth,  etc.,  and  occurs 
in  internal  org:ms. 

Etiology. — The  causation  of  teratoid  tumors  or  teratomata  is 
to  W'  sought  in  congenital  misdevelojinients.  AVe  may,  with  Klebs, 
distinguish  mdogewmit  forms,  in  which  inclusions  of  siijierficial 
tiissucB  are  retained  in  internal  |>arts  by  a  process  of  constriction  ; 
an<l  rciofferinnti  fonns,  in  which  a  separate  fetal  dejiosition  is  the 
origin  of  the  tumor.  The  latter  form  represents  a  sepiarate  and 
ill-<ieveloped  fetus  within  the  devcliijicd  orjranism— a/o'^w  iri/frf». 
A  regular  gradation  may  be  traced  tVniu  distinct  teratoid  tumors 
having  irregular  mingling  of  tissue-elements,  to  maltormations  in 
which  a  more  or  les*»  systematic  outgrowth,  simiewhat  approaching 
double  monstrosities,  occurs.  Of  the  distinct  teratoid  tumors  the 
est  frequent  is  the  dermoid  cyst. 

13 


lOLoar. 

Dermoid  Cyst. 

This  tumor  prcsonts  itt^vW  us  a  cystic  fnrmation  with  a  con- 
nectivf-tissuc  nifinhniiK'  and  iiu  inner  lining  ri'si'iuhling  the  skin. 
This  may  present  all  tlie  elements  of  the  skin,  such  as  stratified 
epidermis,  a  impillan,'  layer,  and  even  subcutaneous  connective 
tistiiie.  Hiiir-folliclt>s  and  sebaceous  glands  are  iVequent,  and 
habitually  lung,  light-c<ili>rc'd  hairs  are  found  witiiin  the  contents, 
and  teeth  may  l)e  found  in  tlic  lining  menibnme  or  f'rt^e  in  the 
contents  of  tlie  cyst.  Tiic  cyst  is  tilled  with  a  semifluid,  cheesy 
mass  consisting  of  epithelial  cells,  fatty  nuitter,  and  other  detritus. 
Occasionally  dermoid  cysts  may  contain  nerve-tissue,  muscle,  or 
stnieturi's  resembling  intestine. 

Tlie  dermoid  cysts  vary  in  size  from  minute  bodies  no  larger 
than  a  pea  to  huge  masses,  the  latter  being  most  frequent  in  the 
ovaries.  Among  the  situations  in  which  dermoids  occur  the 
ovaries  are  most  common ;  less  frequently  they  are  found  in  the 
testicles,  in  the  peritoneum,  in  the  membranes  of  the  brain,  about 
the  eye,  in  the  neck,  floor  of  the  mouth,  atul  elsewhere.  Growth 
is  very  slow,  and  they  niay  remain  practically  latent  through  life. 

The  nature  of  these  tumors  is  usually  benign,  though  carcinom- 
atous change  may  o<"eur,  and  in  the  ovaries  cystoma  is  prone  to 
be  associated,  and  the  latter  may  be  malignant. 


Other  Teratoid  Tumors. 

JJodular  masses  may  a]>pear  about  the  head  or  neck  or  in  vari- 
ous parts  of  the  body,  consisting  of  mingled  tissues  of  various 
kinds,  sueli  as  glandular  tissues,  connective  tissues,  nerve,  mus- 
cle, etc.  These  can  be  classified  as  tenitoifl  growths.  Sometimes 
they  resemble  some  definite  4)rgan,  as  in  the  ease  of  growths 
appearing  at  the  umbilicus  of  tlie  new-born  and  simulating  the 
structure  of  normal  intestine. 

In  the  neck  there  are  sometimes  seen  more  or  less  cystic 
growths  lined  with  epithelium  and  having  in  their  walls  muscle- 
fibers,  lymphoid  tissue,  cartilage,  etc.  These  growths  pmbably 
spring  frttni  remnants  of  the  embryonal  bninehial  clefts.  The 
mixed  tumors  of  the  parotid  gland  (see  Sarcoma)  are  allied  to 
these. 

Cholesteatoma. — This  tumor  is  characterized  by  glistening,  whit^ 
ish,  or  jiearly  bodies  composed  of  concentric  layers  of  cells  resem- 
bling epithelium  (Fig.  77).  Sometimes  crystals  of  cholesterin  are 
found  in  the  center  of  these  bodies,  whence  the  name  choles- 
teatoma. Cholesti'atomata  are  fouml  in  the  membranes  or  suIj- 
stance  of  the  brain,  and  present  themselves  as  single  or  multiple 
nodules.  They  are  usually  soft  and  glistening  in  apjwarant^. 
Some  authors  consider  them  endotheliomata,  but  Ziegler  has 
found  hair-follicles  and  hairs  in  certain  specimens,  and  froni  this, 


Somewhat  similar  tumors  occur  in  the  pelvis  of  the  kitlneys,  in 
the  testicles,  parotitl  glands,  ovaries,  and  middle  or  external  ear. 


CHAPTER  VII. 

BACTERIA   AND  DISEASES   DUE  TO   BACTERIA. 

History. — Although  for  many  centuries  there  had  existed  the 
idea  that  disease  and  decay  are  dne  to  the  action  of  minute  or- 
ganisiu-s,  it  was  not  until  tlie  use  nf  the  lens  <'nalded  the  Dutch 
naturalist  Leeuwenhoeek  actually  to  denionstnite  tlieir  presence  in 
water  and  in  human  intestinal  contents  that  tlu'  hypothesis  of  a 
"contasrinm  vivum "  Ueeunie  nifire  than  mere  j^uesswork,  He 
discovered,  even  with  his  imperfect  instruments,  short  rrnls,  curved 
and  straight,  and  desc-rilH-d  their  motility.  Miill<T  (178.i),  by  the 
use  of  the  compound  microscope,  attempted  a  nioj-e  systematic 
classification  of  these  niierf>-org!ini.snis,  and  from  this  time  many 
investigators  liave  adtled  much  to  tiur  knowledge  of  microbes, 
that  group  of  oi^misms  which  had  been  tlcnominatcd  bv  Linna?U8 
by  the  term  Chaos.  To  tlie  (ierman  Ilenle  is  due  the  credit  of 
having  first  intr(Khice<l  an  idea  of  onler  into  this  disorder.  He 
held  that  fermentation  was  the  result  of  organic  life,  and  that  the 
action  of  a  contagium  was  analogous  to  that  of  a  ferment.     The 
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earliest  systematic  ex jK-ri mental  work  was  that  of  Pasteur,  in  which 

he  estahlished  lieyond  doubt  this  relation  between  fenuentation 
and  the  life  and  (h'velniiiiifiit  of  bat'teria.  The  first  definite  ideas 
of  tlie  phy.sioU>fjy  of  tiic.>^e  niicni-orgiini.-iiiis  are  found  in  his  exjieri- 
nients  on  laetic-acid  fermentation,  and  those  of  their  pathogenesis, 
in  his  demonstration  of  the  niierol>ic  origin  of  the  silkworm-ilisease 
(1869).  Pavaine  and  Eaycr  about  the  wirne  time  establishetl  the 
causal  relation  i»f  a  bacillus  found  in  the  blood  of  a  sheep  dead 
of  anthrax  to  that  disease. 

CLASSIFICATION. 

Bacteria  (schizoniycctes,  or  vMl  funjji)  is  the  name  given  to 
branch  of  the  lowest  ami  stnipltst  of  the  orders  of  the  vegetable 
kingdom.  They  are  small,  unicellular  organisms,  generally  free 
of  chlorophyll,  and  colorless ;  tliey  possess  a  cell-membrane  albu- 
minoid in  coni])o.sitiori  and  hoiiiogeneous  protoplasmic  cell-contents. 
Some  varieties  an-  nmtilc.  Xu<'lei  are  absent,  though  in  the  opin- 
ion of  some  the  whoU'  body  may  be  regjirdfd  as  a  nucleus.  Bac- 
teria mulliply  by  cell-tli vision,  sexual  ilistinctions  being  absent 
In  many  sjiccies  resistant  lijrms — sjiores — (H'cur. 

The  simple  elementary  forms  that  occur  arc  of  three  kinds : 
the  eiK'cns,  the  bacillus,  and  the  spirillinn  (Fig.  78). 


K    8«     ^ 


10      u 


FiQ.  71*.— Viirlous  fiirms  ofbarlcriii :  I  and  2.  round  nnd  nv»l  mlcrtwm-ol :  3,  diplocorrf; 
4,  tclrnriK'cK  or  tetrads ;  S,  utrepl'X^occi :  6,  baoUli ;  7,  bacilli  in  chains,  the  lower  sliowinc 
xpore-furniatlon :  R,  bacilli  ahowlni;  «pore8.  forming  druuMtlclu  and  oloatridis;  »  and  10, 
apirllla;  ll.spirovhetn. 

Coccus. — This  is  a  spherical  cell,  varying  in  size  up  to  1  /<  in 

diameter.  It  takes  the  anilin-stains  readily.  Spori'-forniation 
and  motility  are  nire.  When  the  cocci  are  found  in  groups,  the 
indivitliials  being  entirely  separate,  they  are  termed  staphylococci, 
from  the  resemblance  of  the  groups  to  a  liunch  of  grapes ;  when 
in  pairs,  diplocoeci  ;  when  in  chains,  streptococci ;  when  in  groups 
of  four,  tetrads  or  merismopedia  ;  when  in  fKickets,  sareina;. 

Bacillus. — A  rod-shaped,  cylin<lrieal  cell  of  varying  length 
and  thickness.  Sj«>re-forniation  and  motility  are  common.  Most 
of  the  group  stain  easily  with  the  anilin  dyes,  but  some  require 
special  methiMls  of  staining. 

Spurillum. — A  cylindrical,  rod-shaped  cell,  curved  or  spiral, 
Bometimes  motile.     It  stains  readily. 

Many  other  classifications,  all  of  litem  being  to  a  'certain  extent  arti- 
ficial, have  been  made  by  different  authors.  Probably  one  of  the  most 
useful  and  scientific  is  that  of  Migula: 
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I.  Coccacese. — Spherical  cells  dividing  in  one,  two,  or  three  directions. 
Endospores  rare. 

1.  Streplococcut. —  Division  in  one  direction,  the  inJividuals  cohering 
to  form  chnins.     Mniility  absent. 

2.  Mierococeiu. — Division    in    two   directions,    the    individuals    when 
coherent  forming  grou|)H  of  four.     Flagellu  absent. 

3.  Sareina. — Division   in   tiiree  diroction.s,  lurmiug   packets  of  eight, 
twenty-seven,  or  more  cells.    Motility  absent. 

4.  I^nnoriiccun. — Divii>ion   in   two  directions,  as  in  the   micrococcus. 
Miitility  present. 

r>.  riitiirimrcina. — As  the  sarciua.     Motility  present. 
H.  Bacteriaces.— Rod-like,  cylindrical  cells,  dividing  at  right  angles  to 
the  lon^  axi.s. 

1.  Bactrriuin. — Cells  without  flogella,  often  with  spores. 

2.  Baeillut. — Cells  with  peritrichous  flaeelhi,  often  with  spores. 

3.  Pitudomoncu, — Cells  with  polar  flagella  ;  spores  rare. 
Ill    Spirillacex. — Cells  cylindrical,  curved,  bent,  or  spiral.    Division  as 

in  11. 

1.  Sj>iro*nmn. — Cecils  ri^iil,  without  flft)rella. 

2.  Mierotpira. — Cells  rigid,  with  one,  rarely  two  nr  three,  polar  flagella, 

3.  Spirilltim. — Cells  ricid,  with  five  to  twenty  polar  tingella. 

4.  Spirochr.ln. — Cells    flexible,   motile,   but  without    flagella;    perhaps 
possewtinp  an  undulating  membnine. 

IV.  ChlamydobacteriacesB. — Cells  united  in   a  simple  unbranched  fila- 
^m  ment.     Division  in  one  direction.     Forni.s  non-motite ;  conidia. 
^B          1.  Strfjilolhrix. — Cells     united     in    a    simple     unbranched     filament. 
^H  Division  in  one  direction.     Forms  non-motile;  conidia. 

^H  2.  Clndolhrix. — Cells  united  in  a  filainent,  with  a  false  branching. 

^H  8.   Orenothrix. — Cells  united  in  an  unbranclied  filament,  and  dividing 

^H  in  three  directions  into  small  rounded  cells. 

^^^^^  4.  Phraijmtidiolhrix. — Cells  at  first  united  in  an  unbranched  filament, 
^^^^ft  and  dividing  in  three  directions.      Later  the  i^eparate  cells  break 

^^^^r  through  the  thin  membrane  and  grow  out  as  branches. 

^  5.   Thiofhrix. — Cells  iiniteil  in  an  iinliranelird  filament  contained  in  a 

^f  thin  membrane.     Division  in  one  direction.     Cells  contain  gran- 

ules of  sulphur. 

V.  Beggiatoacesp. — Cells  united  in  a  filament  without  sheath.    Motile,  the 

K     movement  being  due  to  an  undulating  membrane. 


I 
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MORPHOLOGY. 


Cell-contents. — The  ImkIv  "f  the  orfpinisni  in  unstaiiuul  cou- 
dition.s  ;i|)p('ai*s  as  a  |W'rf«;ct!_v  hnmogt'tieniis  pn)tf(}tlasmi(!  nia.*!S.  On 
staining  with  aniliii  dyes  a  gramihir  appearance  is  ol'toii  tihst'rvt'd, 
which  under  hiiih  povvoi-s  is  rcsolvwl  into  a  hyalint'  mass  conlain- 
ing  niinierous  eliroinrijihiiit:  granules.  Yaeuolatioiis  als<>  are  of'leu 
present.  Some  mtKlern  ol>servers  (BiJtschli  et  <d.)  !iave  made  out  a 
network  immediately  within  the  nieruUraiie  and  siirrotmdiug  a 
(•cntnil  hiHly  which  reailily  stains  with  the  nuclear  dyes.  This 
latter  they  n'gard  a.s  a  ntu'leiis.  Otiiers,  however,  affirm  that  this 
ajn)earanee  i.s  due  to  a  eoneentration  of  the  cell-pnitijjilasni  (endfi- 
pliusm),  the  result  of  the  rather  complicated  mcthotl  of  staining. 
The  question  of  the  presence  or  alisence  of  a  nucleus  is  still  an 
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oppn  one.  In  many  organisms,  as  the  Bacillus  iliplithcrije  from  a 
bloml-sorum  enlture,  for  example,  there  exist  certiiin  transparent 
refractive  bodies  which  stain  <lifl'erently  from  the  rest  of  the 
niicrohe.  TJiese  nietaehroiimtic  btKJies,  as  they  are  called,  M^ere 
rcgjinied  by  Ernst  as  nuclear  in  character.  Others  look  ujKin 
them  as  [lossibly  the  priinarA'  stxite  (^f  sjHire-formation. 

Spore. — Tile  spoiv  is  a  non- vegetative  resistant  form  that  the 
raicruljc  assumes  wlien  the  conditions  for  growth  are  unfavorable. 
The  cnilopjasm  seems  to  coiicentnite  and  beconii'  a  small,  oval, 
highly  refractive  b(Hly,  separated  from  the  luicterial  protoplasm  by 
a  memlir.uie  nf  its  own.  It  is  nciicraliy  of  the  same  diameter  or 
soniewliat  smaller  tli:tn  the  bacilhis  itself,  and  is  sitiiate<l  either  in 
the  middle  (eijnatorial)  or  at  tlie  end  of  the  micn)be  (polar  spore). 
It  may  be  larger  in  diameter  than  the  microbe  and  cause  a  swell- 
ing ut  that  point.  Wlim  in  the  center  of  the  ro<l  this  gives  rise 
to  tlu'  liirni  known  as  Clostridium;  when  jiolar,  to  the  so-called 
dnimstiek-l'unn  (as  in  the  Bacillus  tetani). 

Sueh  iniiiicellular  s|Mtn's  or  endosporcs  occur  among  many 
bacilli.  Among  the  micrococci  they  are  rare;  but  it  is  supjwscd 
that  certain  individual  cocci  become  larger  and  more  refractive  in 
appearance  and  assume  the  spore-state.  These  are  called  arthro- 
upon-.t.  Whetlier  these  can  be  reganled  as  true  spores  is  still 
doulitful. 

Tlu*  spore  is  extremely  resistant  to  conditions  to  which  tlie 
vegetative  form  readily  succumbs  ;  to  the  action  of  certain  chemi- 
cal reagents,  light,  heat,  etc.  Bacteria  that  arc  grown  on  media 
poor  in  nutrit'ut  material  tend  to  become  asporogenous.  A  certain 
temi>emture  is  also  necessjiry  tor  sj>ore-formatiou.  Thus,  although 
the  anthnix  bacillus  develn])s  well  at  a  tenijienitnre  of  14°  C. 
(.57°  F.),  it  does  not  form  spores  below  18°  C.  (Ii4°  F.).  To  obli- 
gate aerobes  oxygen  is  neccssiiry  for  their  develitpimmt,  and  anae- 
robic cultures  present  them  <inly  in  the  absence  of  that  gag. 
Placed  under  conditions  fav<imble  to  its  vegetation  the  spf^n*  lo.ses 
its  clearness,  absorbs  water,  and  swells.  A  small  ]>romiiicuee  pre- 
sf'uts  at  tile  side  or  end,  wliieli  gradually  lengthens  and  develops 
into  a  young  bacillus.  The  membniiie  of  this  new  nucrobe  is 
formed  from  the  inner  layer  of  the  spore-membrane  (enftosporiuvt), 
Mhile  the  outer  layer  (r.roxporiiim)  is  cast  off.  In  not  all  of  the 
varieties  of  liacitli  does  sporulation  take  ])lace,  and  even  where  it 
diK's  (K'l'ur  there  may,  under  i-ertain  conditions,  as  in  growth  at 
high  temperatures,  arise  races  which  have  lost  this  power  (asjx>- 
rogenous  races). 

The  spore  does  not  stain  readily  with  the  ordinary  unilin 
stains,  and  siR-cial  methods  liave  been  devi.sed  for  coloring  it. 

Cell-membrane. — Surrounding  each  organism  is  a  membrane 
(ectoplasm)  ilenser  and  more  highly  refractive  than  the  cell-con- 
tents (endoplasm).     In  some  cases  this  is  not  to  be  diiFerentiatcd 
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from  the  endoplasm  ;  but  in  others  it  is  larger,  and  under  eertaiii 
conditions  bec-onies  a  gelatiiimis  mass.  In  this  case  it  is  easily 
seen,  cspetrially  utter  a[i|ir«ii>riafe  statnini:.  Tliis  is  (•alle<l  the 
capnule.  In  general  this  oeeiirs  mdy  when  the  bacteria  develop 
within  the  animal  organism,  and  not  upon  artilicial  eiiltiire-niedia. 
It  is  probable  that  the  ectoplasm  is  uut  a  mere  proti-i-tive  envelop, 
but  has  to  do  with  the  functional  activity  of  tin-  imctcriiini.  The 
fact  that  the  flagella,  to  which  is  due  the  motility  of  certain  mi- 
crobes, are  directly  continuous  with  and  are  simply  i>rolongations 
of  this  niembnine,  points  to  this  vii-w. 

The  cell-menibranc  is  not  easily  colored  by  ordinary  methods. 

Flagella. — Motility  is  ot\en  a  pnjpcrty  of  bai-tcria.  It  is 
manifested  in  different  ways,  and  is  often  characteristic,  of  the 
several  varieties  of  bacteria.  Some  move  slowly  forward  across 
the  field,  others  with  great  rapidity  ;  others  agaiiit  tlart  hither  and 
thither,  slowly  or  so  rpiickly  as  to  bo  with  ditliculty  observed. 
They  may  at  the  same  time  liave  a  rotar}'  movement  around  their 
long  or  their  short  axes. 

After  appropriate  staining  the  cause  of  this  motility  is  seen  to 
be  the  presence  of  slender,  wliip-lilvc  ]trol<)ngations,  originating 
directly  from  the  ectoplasm  (Babes).  They  may  be  twenty  times 
as  long  as  the  Ixxly  of  the  bacterium,  and  are  arranged  in  the  <!if- 
ferent  s|>ecies  in  different  ways.  Bacteria  that  pos,se.ss  no  flagella 
are  terme<l  Gymnobacteria ;  those  that  liave  tljcse  organs, 
Trichobactcria.  There  may  be  but  one  (lagelluni,  situated  at  the 
pole  (inoiiob'lchotin),  or  a  number  may  l»e  |irescnt  {fn/ilintiielinun). 
When  they  arc  situated  at  both  poles  the  microbe  is  tcrnicd  ainphi- 
triohotiH ;  when  distributed  over  the  whole  boily  of  tlu'  tiactcria, 
prnfrlchouii.  Thi'  prcsein'c  and  the  activity  of  fhtgclla  dt'pend  on 
many  factors  :  on  the  condition  of  the  mcrlium,  bacteria  gnnvii  from 
liquid  media  being  more  active  than  those  friuii  solid  ;  on  tem- 
perature;  on  presence  of  air;  on  light  ;  and  on  the  age  of  the 
culture.  They  are  easily  broken  off  frfim  the  mici-obe,  and  care 
must  be  nse<l  in  staining  them.     .\  s|>ecial  method  is  employetl. 

Involtltiotl-fomis. — By  iuvohitinn-ibrui  is  meant  the  irreg- 
ular appearance  a  microbe  often  assuuu-s  when  its  conditions  of 
growtli  arc  unfavorable.  Numerous  bacteria  melt  together  and 
become  irregular  <'hains,  <ir  thcv  appear  pear-  or  club-shaped. 
The  pnrtoplasm  becomes  retracted  and  irregular  >taining  takes 
place.  Sometimes  the  microbes  lose  all  characteristic  appearances. 
Sometimes  forms  with  branching  pn>iections  are  discovered. 
The.se  have  often  been  descrilie<l  as  involution-forms,  but  are  now 
more  commonly  reganled  as  normal,  though  unusual,  structures. 
This  applies  to  tubercle  liaciili,  diplitheria  bacilli,  and  some 
others.  This  true  branching  (dichotomy)  must  not  be  confounded 
witli  lalse  or  pseudodiehotomy,  due  to  mere  apposition  of  sej)arate 
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organisms,  as  seen  in  various  bacilli,  streptococci,  etc.,  and  habitii- 
allv  in  tho  cladotlirices. 

Chemistry. — Tho  huotfrinl  cells  are  of  variable  composition, 
dcj)endiiifi  to  it  irnat  extent  >\\mu  the  kind  of  nutrient  matter.  It 
consists  mainly  M'  water  (."SS  }>er  cent.).  Tiie  chief  solid  material 
is  alltuniii).  This  varies  aeeonling  to  the  medium  of  growth,  and 
has  been  given  the  general  name  of  vit/coprotein  (Nencki).  Fat 
is  also  present.  The  niirUiii-liases,  xanthin,  guanin,  adenin,  and 
cellulose,  liave  been  i'iiiiii<l  by  some.  Some  contain  certain  color- 
ing-niattei's,  baeterioiiiirpiirin  and  a  green  substance  similar  to 
ehlori>phyll.  Organic  acids  and  ferments  of  dirt'erent  kinds  are 
also  found.  In  s<jmc  sjiccial  forms — the  sulphur  bacteria — sul- 
phur is  present. 

BtOLOQY. 

Bacteria  may  be  dividetl  into  two  great  classes  :  those  that 
live  only  on  dead  organic  matter  arc  termed  tinprop/n/tes ;  those 
that  develop  in  and  at  the  exjx'nse  of  the  living  organism,  ptira- 
silas.  These  latter  by  their  growth  e;uise  certain  pathologic  con- 
ditions in  the  host,  and  are  calletl  j>athogenic.  By  obUgate  sapro- 
pliytes  or  parasites  we  mean  those  that  can  exist  only  under  the 
conditions  named  ;  hy  fuculinit re  siiprophytes  and  parasites,  those 
tliat  can  develnp  under  both  cnnditions. 

Conditioas  of  Growth. — Certain  surrounding  conditions 
are  necessary  to  bacteria,  and  any  marked  change  in  them  will 
inhibit  the  growth  or  totally  destroy  it. 

Mechanical  Conditions. — A  slight  shaking  of  a  liquid  culture 
seems  to  liel])  the  development  of  bacteria,  while  a  more  violent 
and  long-cnntiniied  agitation,  destroys  them. 

Physical  Conditions. — Electi-mil  currentn  destroy  the  growth, 
i)Ut  pn>I)ably  by  the  action  of  certain  products  of  the  electrolysis, 
and  not  by  direet  action. 

IJijht. — Ditfiised  daylight  inhibits  the  growth  of  bacteria  :  sun- 
light and,  tr>  a  less  extent,  electrii'  light  destniy  them. 

Hfiit, — A  certain  temperature  is  necessary,  the  degree  varying 
with  the  species  of  microbe.  Most  of  the  water  bacteria  and  sapro- 
phytes grow  between  0°  and  30°  C.  (32°  and  86°  F.),  the  optimum 
being  15°-20°  C.  (59°-68°  F.)  (Psvchrophilie).  The  pathogenic 
Hourish  between  10°  and  45°  C'  (o0°-113°  F.),  best  at  the 
bodv-temperature,  37'^  (Jl8.6°  F.)  fMesophilic).  There  arc  some 
that  develop  well  at  -IO°-70°  C.  (104  -lo8°  F.)  (Thermophilic]. 
Above  these  lindts  the  members  of  the  several  groups  are  killed, 
and  each  bacterium  has  it^  own  thermic  death-point.  That  of 
most  of  the  pathogenic  varieties  lies  between  50°  and  60°  C. 
(122°  and  140°  F.).  Below  the  lower  limit  the  growth  is  inhibited 
only  ;  very  low  temperatures  (  -  250°  C.  ;  —  418°  F.)  having  l>een 
used  without  preventing  the  future  development  of  the  microbe. 
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Spores  are  extremely  resistant  to  higher  temperatures.  While 
no  hacteriura  can  live  after  expo^illre  to  100°  C.  (212°  F.),  the 
spores  of  some  of  the  eartii  niicrohes  are  killoil  only  after  exposure 
for  an  hour  to  steam  heatwl  to  llo'^  C.  {239°  F.). 

Ohemlcal  Conditions. — The  essential  substances  lor  the  growth 
if  bacteria  are  water,  carbon,  nitrogen  and  o.xygen,  and  tertain 
salts.  For  the  carbon,  they  require  already  prepared  carbon  com- 
pounds, as  the  sugars,  glucose,  s;n'c'h:irose,  lactose,  etc.,  maiinite, 
glycerin — in  fact,  most  of  such  as  an-  soluble  in  water.  Most  of 
the  proteids  and  many  simpler  substances,  even  such  as  ammonium 
carbonate,  furnish  the  nitrogen.  Free  oxygen  is  necessary-  for 
many  microbes.  Those  for  which  this  is  absolutely  required  are 
termtnl  obligate  aerobic.  Facultative  aerobes  are  those  that  grow 
best  in  the  presence  of  oxygen,  but  may  develop  in  its  absence. 
Anaerobic  microbes  are  those  that  gi-ow  best  without  oxygen  and 
are  also  obligate  and  facultative.     It  has  been  found  possible  to 

I  produce    races    wiiicli,    although    naturally    obligate    anaerobic, 
develop  also  in  an  atmosphere  of  oxygen. 
l: 


FUNCTIONS  AND  PRODUCTS  OF  BACTERIA. 


The  study  of  the  substances  that  result  from  the  action  of  the 
life  of  bacteria  and  the  changes  that  they  produce  in  their  various 
mo<lia  of  growth  is  really  a  l)r;inclt  of  orgtuiic  rlu-nnstry.  Tlie 
function  of  bacteria  is  essentially  a  <lestnictive  one.  They  s]ilit 
up  the  higher  nitrogenous  and  non-nitrogenous  conqwimds  into 
simpler  substances. 

The  various  substances  that  are  foimd  in  the  media  of  bacterial 
wth  comprise:  (1)  the  eomjuments  of  the  bacterial  cell  proper, 
as  the  proteins;  (2)  the  secretions  of  the  cell,  as  the  ferments; 
and  (3)  substances  that  arc  the  result  of  (he  action  of  microbes 
upfin  the  meilium  of  growth. 

(1)  The  first  grou)i  has  already  l>een  spoken  of  (>cc  page  lUT). 
The  proteins  may  jtroduee  suppuration  ( pi/of/mw)  or  fever 

fpi/rof/cnic),  or  they  may  be  the  cause  of  an  inflammatory  process 
jjhlogof/eriir).  The  Ijest  known  examples  are  niallein,  derived 
from  the  bacillus  of  glamlers,  ami  tuberculin,  from  tliat  of  tuber- 
ctilosis.  These  are  pyntgenic  when  injected  into  animals  suffering 
respectively  frrim  glanders  or  tuberculosis,  but  have  no,  or  at  least 
vcrj-  slight,  effect  upon  healthy  sultjects.  Other  proteins  are  shown 
to  have  similar  effects  on  tubercidoiis  animals.  In  practice  the 
curative  effect  of  these  has  not  proved  of  much  worth. 

(2)  The  second  groujt  of  prtHlucts  includes  the  ferments  and 
poesibly  the  toxins. 

Perments. — A  ferment  is  a  complex  bixly  about  which  we 
inow  but  little  except  the  effe<'ts  that  it  produces.  By  its  pres- 
ence, and  prolMibly  without  entering  into  intimate  chemical  com- 
bination, it  possesses  the  jxiwer  of  breaking  up  more  highly  organ- 
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ized  nitrogeiiims  iiiul  mm-iiitrogfiious  coni^miiiuLs  iuto  simple, 
and  iHitrt'  iliffii.-ililo  iimleeuk'S.  They  art;  termed  eiizymex  or  i<n- 
fonncii  fonniDl.t  in  cnntradistinctiou  tX)  the  bactoria  themselves, 
whifli  arc  calk'il  /'kchik/  itr  /ivim/  fi'rmentg.  That  tin-  action  of  fer- 
nu'iits  is  luit  iliiu  directly  to  the  niicrolie  is  shown  by  tiio  Jkct.s  tliat  ^ 
bacterifida)  suhstunces,  gneh  as  jihcuol  (5  per  cent.),  i-hloroCorm,  ^t 
other,  etc.,  have  no  etf'ect  on  tlieni,  and  that  cultures  freed  i'nim 
bacteria  by  filtration  stiil  possess  fermentative  jwwer.  The 
action  of  fcrnu-nts  is  termed  finiu'iitiitiaii,  t)ut  the  term  is  more 
espcr'ially  limited  in  their  ett'ect  n|M>n  non-iiitrofjenous  componndw, 
]>artieularly  the  carbohydnites.  The  resnlt  of  fermentation  upon 
nitrogenous  material  is  euUed  put)-<jiictioii,  wliich  generally  occurs 
with,  though  often  without,  the  formation  of  odorous  gases  and 
otln-r  suiistjinces.  ^H 

The  [irini'ipal  bacterial  ferments  are :  ^| 

Proteolytic  Ferments. — These   transform   albumins   into  more 
sobilile  ajid  diffusible  substances.     One  form  very  often  met  with 
is  that  which  liquefies  gelatin.     This  acts  in  an  alkaline  medium,  | 
and  is  therefore  akin  to  tlie  animal  ferment  trypsin.     This  licjue-  I 
faction  o<'  the  gelatin  affords  a  means  of  distinguishing  many  species 
of  microbes. 

Diastatic  Ferments. — These  transform  the  starches  into  sugars, ' 
and  are  found  in  many  bacterial  cultures,  as  of  Bacillus  mallei, 
llacillus  pnenmonia%  etc. 

Inverting  Ferments. — These  change  the  non-fennenliscible  su- 
gars into  tho.se  that  undergo  direct  fermentation.     Such  ferments] 
are  found,   for    instance,   in   cultures  of  vSpirilhtm    cholerie   and ; 
Met.schnikowi. 

Emulsifying   Ferment. — This  is  formed  by  but  few  microbes,  j 
One  exiunple  is  Microco<icus  pyogenes  tenuis. 

Coagulating  Ferment. — One  of  the  means  of  differentiation  of 
bacteria  is  the  coagulation  r>f  milk  n.sed  as  a  culture-medium  for 
the  l>acteria  under  ol»,servatioti.  This  coagtdation  is  due  not  to 
acidity  ])rodueed   in  the  medium,  but  to  the  aetinii  of  a,  ferment. 

Sonic  varieties  of  microbes  prothiee  a  ferment  that  has  the 
power  of  dissolving  this  coagiduni  when  formed  (casease) ;  and 
still  otliers  pn)duce  both  ferments — the  coiigidating  and  the  dis- 
solving. 

Hydrolytic  ferments  are  such  as  break  up  urea  into  ammonium 
carlionatc  and  liippuric  acid  into  glycocol  and  benzoic  acid. 

Fat-splitting  ferments  .split  the  fats  into  glycerin  and  the  fatty  i 
acids. 

Oxidizing  and  nitrifying  ferments  arc  other  less  important 
forms. 

Effects  of  Ferments. — The  single  or  combined  action  of 
the.«e  various  fernH■ut^  cau.s<'s  certain  .special  kinds  of  fermentar 
distinguished  by  the    principal    substance   prmlneetl.     Aleohf 


BACTERIA  AND  DISEASES  DUE  TO  BACTERIA. 


203 


■feert 
Vkre< 


lactic^cid,  and  butyric-acid  fermentation  of  tlie  siigsirs,  acetic- 
acid  fermentation  i)f:ilcf>li()l  (Bacillus  acidi  laetiei,  liafillti*  liutyri- 
cus,  }ia<'illu.s  acidi  Ijiityriei,  Uncilliis  aretinis,  etc.) ;  t'ellulosi'  fer- 
mentation with  tlif  prrrtlin-lioti  r>f  earimiiic-acid  j^as  and  anniniiiia  ; 
nitrification,  due  to  the  oxidation  ofatiiinoniiun  and  the  jirodiu'tion 
of  nitrates  (Winogradsky's  nitromonas)  and  nitrites;  niiieoid  fer- 
mentation of  ghieose  and  invert-sugar  are  examples. 

Substances  prodnced  liy  Ijacti'na  from  the  enltnre-nicdia  and 
tissues  are  varied  and  numerous.  Resides  tliose  prodiiceil  by 
the  various  fermentative  proeesses  there  are :  the  |>roduets  of 
digestion  of  albumin,  albumoses,  peptone,  etc. ;  the  |)liiiimins  ;  ni- 
trogenous substances,  as  lenein  and  tyrosin,  melhyl-,  dimethyl-, 
trimethvl-,  ethyl-,  propylaniiiis  ;  urg-.inie  tiitty  aeids,  formic,  acetie, 
proj>ionie,  butyric,  marg:irie,  lactic,  etc. ;  certain  aromatic  coui- 
pounds,  as  indol,  piienol,  kresol,  skjitol,  mercaptan,  hydmchinon, 
etc. ;  ami  finally,  hydrogen,  carbonic  dioxid,  hydrogen  pulphid, 
ammonium,  water,  etc. 

Toxins. — Further,  the  pathogenic  bacteria  produce  hotli  by 
atialvsis  and  synthesis  certain  toxic  stibstaiiees  which  are  akin  to 
the  poisonous  venom  of  certain  ser|)cut-i  and  other  ariitnals,  and  to 
frtain  poisonous  priiK'iplcs  of  jilants,  as  abriii  an<l  rii'in.     These 
!  of  indefinitely  deteriiiiiied  cliaracter,  and  act  deletcrifnisly  ii|ton 
the  organism  only  af\er  the  lapse  of  a  certain  time — a  ]K'riod  of 
^■|Ocu)>ation.     Thev  are  considered  the  Kpe.c/fr  to.riiix  of  the  several 
^Aocteria.     Ac<.-onling   to   some,  these   give    all    the    reactions   of 
^^]i>nniin,  and    have    been    termed    Itinilhuniivti   (Hrieger).     It    is 
^Pprolmble,  however,  that  the  toxalbumin  is  liut  aii  impure  form  of 
the  true  toxin,  a  coml>inalion  of  it  and  various  substances  derived 
from  the  medium  of  growth.     Some  juithors  regard  it  as  an  albii- 
minose ;   others,  as  a   peptone.     Most    recent   investigators    look 
Bpon   the  toxin  as  a  ferment   akin  to  the  diastatic  or  hydrolytio 
erments.     Roux  and  Yersin,  in  their  mniiograph  on  the  Haeillits 
diphtherifp,  hold    this  view.     Many   facts    seem    to  support    this 
theory.     The  analogous  pathologic  action  of  the  toxins  and  fer- 
ments, their  common  origin,  their  destruction   (oxidation)  in  the 
presence  of  light,  their  precipit^ition   by  alcoliol,  tb<'ir  pi-eeipit.i- 
lion  from  solutions  bv  colloid   lifidies,  their  hmg  ami    inipert'ect 
^Hialvsis,  all  point  to   this.      Hi<jli    temperatures  affect  both  sinu- 
^Krly,   botli    being  destroyed    at  from   00"  to    1(K)°  C.  (140°    to 
212°  FX     Chemical    sidjstanees    that    have    no    efl'eet    (chloro- 
form, otner,  etc.)  on  the   ferments  are  without  action    upon    the 
toxins ;  and,  i-ier  veraA,  those    that    destroy    the    ferments  (for- 

^ddelivd)  are  also  injurions  to  (oxiiis.     Both  may  be  swallowed 
th   impunity,  although  they  are   jiathogcnie  when   inject<'d   siib- 
cnianef)U8ly  or   intniperitoneally.      When  the   niienibe    is  grown 
iu    some    inorganic    medium    or   in    a    non-albuminous    one    (as 
J8chink\*'8  solution),   the    toxic    principle   o!)tained    corresponds 
its  chemical    reactions    to   a   ferment.      Most   important   is 
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the    fact    that    extremely    minute    doses    are    effective.      Fer- 
ments act  without  roganl  tn  the  mass  employed,  and  it  would 
swm  that  toxins  act   in  almost  imponderable  amounts.     It  has 
hvim  estiniatw!  that  jj^a^  gm.  of  tetanus  toxin  will  kill  a  hors« 
weifrhinij   GOO  kg. — six   hundrwl   million  times  its   weight  ;   and 
that  TTjVff  nig-  of  tubertrulin  causes  a  reaction  in  a  diseased  man 
weighing  60  kg. — sixty  trillion  times  its  weight.     Finally,  both 
act  only  atl:er  a  definite  period  of  incubation.      Courmont  and 
Doyon    found    that   by   increasing  the  amounts  of  tetanus  toxin 
injected   into  a  dog  tiiey  were  not  able  to  diminish  beyond  a  defi- 
nite limit  this  latent  peril hL     Blood  taken  from  the  animal  duringi 
the  suhsctjiient  convulsions    caused,   when   injected   into  anothecl 
animal,  an  imraetliatc  tetanic  attack.     According  to  these  author 
the  ferment,  possibly  not  toxic  in  itself,  is  capable  of  elaboratiogl 
witbin  the  body  or  culture-medium  the  tetanizing  substance. 

Considerable  light  has  been  thrown  upon  the  nature  of  toxins  byl 
the  recent  investigation  of  Ebrlicb  and  others  who  have  followedJ 
him.     Those  investigations  have  been  mainly  concerned  with  the] 
behavior  of  the  toxin  towartl   tlie  antitoxin  bodies.     Ehrlich  lu 
found  that  the  serum  contains  at   lea.st  three  distinct  substances U 
the  toxin   proper,  toxoid,  and  toxone.     The  toxin   is  the  active 
poisonous  element ;  but,  aside  from  its  toxic  property,  it  has  a  dis- 
tinct combining  ability,  .so  that  it  enters  into  combination  withfl 
antitoxin.     A  given  serum,  however,  will  combine  with  a  greater™ 
quantity  of  antitoxin  than  the  toxic  power  of  the  serum   would 
indicate.      In  other  wonis,  there  arc  other  combining  bodies  which^H 
have  no  toxic  power.     A  serum   as  it  grows  older   loses  in  toxic^ 
power   without   losing   in  comi>ining  power.     This  is  due   to  the 
conversion  of  toxin    into  toxoid.     Tlie   ti>xone   has  similarly  the 
combining  power  for  antitf>xin,  but  is  slightly  toxic,  being  capa- 
ble, in  the  case  of  diphtheritic  serum,  for  example,  of  producing 
the  post-diphtheritic   paralyses.     It  is,  however,  not  a  derivative 
of  the  toxin,  but  results   from  a  direct  action  of  the  bacterium, 
and   is  produced  simultaneously  with   the  toxin.     The  dissocia- 
tion i»f  combining  power  and  toxic  power  is  explained  iipna  the 
assumption  that  eacli  molecule  of  toxin  contains  a  group  of  atoms 
sp«'cially  adapted  to  condiining  with  vulncrtd)le  cells  or  with  anti- 
toxin and  a  tivxic  gnnip.      To  the  former  the  name  hitptophore 
rjroup  and  to  the  hitter  tiic  term  tn.rophore  </roii{)  has  been  given. 
The  prolwble  nature  of  these  will  be  referred  to  in  the  discussioiuH 
of  Ehrlich's  theory  of  immunity.  ^1 

Fate  of  ToxiM. — It  is  certain  that  there  exist  in  various  cells 
of  the  animal  organism  certain  oxidizing  ferments  by  which  the 
toxin  is  destroyc<l.  Not  all  of  the  toxin  is  thus  oxidize^!.  A  part 
is  eliminated  imchanged  through  the  kidneys  in  the  urine  and  to^l 
some  extent  thr<:)ugh  the  liver  in  the  biliary  secretion.  Besida^^l 
these  there  is  still  another  metho<l  of  defence  of  the  organism 
against  the  action  of  toxin — the  antitoxin  {(].  v.). 
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Chromog'etiesis. — Many  bacteria  form  colors  which  give  to 
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liiractcnstic  appearance,  .^omo  attempt 
made  to  classify  those  pijjniuiU.s  according  ti»  their  8ohil)ility  in 
alcohol,  ether,  etc.  The  pigment-furniing  hacteria  tJieiiiiselve.s  are 
called  chroviophoric  when  the  pigment  is  a  component  of  the  bac- 
terial cell  itself;  chromoparic,  when  the  coloring-matter  is  an 
excretion  and  the  microbe  remains  colorless ;  and  ptirarhromo- 
phnrlc  when  both  conditions  exist.  The  jiriKltiction  of  tlie  ])ig- 
ment  depends  to  some  extent  upon  the  coiistitiitinn  of  the  medium, 
and  it  is  possible  to  pro<hice  cultures  and  even  nices  of  pigment- 
forming  l)acteria  liy  the  use  of  appropriate  meilia. 

Fhotog^enesis. — The  phenomenon  of  phosphorescence  ol>- 
served  in  decaying  fish  is  due  to  the  actifm  of  bacteria.  This 
production  of  light  is  observed  in  many  of  tlie  cholera-group  of 
vibriones. 
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THE  LOCAL  EFFECTS  OF  BACTERIA. 

These  may  be  either  («)  mechanical  or  (6)  hi.stologic,  the  me- 
chanical effects  being  least  in  imjwrtanee.  («)  Sfimetime.s  masses 
f  niicn">-oi*ganism.s  moi-e  or  less  cumpletely  occlude  small  bloml- 
esscls  ami  occasion  s(>eoiMlarv  changes  in  the  tissues  in  this 
mechanicjil  way.  In  other  cases  the  obstruction  is  incomplete, 
but  occasions  thrombosis  in  the  blond-vessel  and  various  conse- 
ential  disorrlers.  (h)  The  hi.stologic  changes  occa.sioned  by 
•cteria  are  proliferatli-r  anfl  thufnictire,  among  the  latter  being 
various  degenerations  and  necrosis.  The  proliferative  changes 
may  be  non-specific  or  specific — that  is,  tliere  may  be  simply 
roliferation  such  as  occurs  from  any  irritation  ;  or  there  mav  be 
pcial  forms  of  proliferation  more  or  less  chamcteristic  of  (he 
dividual  micro-organism  in  extent,  distribution,  and  nature. 
This  is  seert  in  the  peculiar  lesions  of  tuberculosis,  glanders, 
rhinoscleroma,  etc.  The  cellular  degenerations  and  necroses  occur 
coinci<lcntally  or  subsequent  to  the  prolifenitive  changes.  On  the 
contrary,  in  nuiny  cases  the  first  etfects  of  bacterial  invasion  seem 
to  be  tiegeneration  or  necrosis  of  the  tissues  immediately  around 
"  e  organisms. 


EFFECT  OF  TOXIC  PRODUCTS  OF  BACTERIA. 

Bacteria  usually  gain  entrance  into  the  animal  bo<ly  through 

ome  lesion  of  the  epithelial  layer,  often  the  result  of  tniuniatism. 

metimes  the  microbes  find  in  certain  cavities  of  the  bo<Iy  favor- 

le  conditions  for  growth,  as  in  the  pulmonary  or  alimentary 

cts.  and  there  develop  ami  elaborate  their  toxins. 

Intoxication  and  Infection. — In  one  class  of  diseases  the 
fccting  microbe  remains  localized  at  the  point  of  inoculation,  and 
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is  never  or  only  except iMiiiilly  i'niind  in  ilit-  Hiii<l.s  of  the  body,  the 
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toxic  producis.  !Such  arc  true  Inloricutiom.  In  other  cases  the 
iniiTolic  is  fiiutnl  cireuljitinj;  in  the  bhiod  throughitut  the  body 
and  tiuds  ludgenii  nt  in  most  of  the  ori^nns.  These  are  called  iii- 
jirtiiiiht  in  the  strict  sense.  Telanns  is  the  type  of  tiie  first  ola.->*; 
anthrax,  nf  the  .second.  There  is,  however,  no  distinct  line  to  \>e 
drawn,  for  the  symptoms  of  all  infections  arc  due  to  the  toxins 
and  other  to.\ie  ]>rodnets,  wlietlier  ]>rndneetl  locally  at  the  point  of 
impluiifatioii  ot'  the  itrLpinistu  or  tliniughoiit  the  IxkIv  wiien  it  i.*  dis- 
seminated. Wliile  .some  bacteria  always  prodnce  j)nre  intoxica- 
tions (tctaiuis),  mo.st  uf  liiem  may,  under  varying  conditions,  canse  | 
either  into.tieatiiHis  or  infections.  This  ditl'erence  is  dne  to  a  vari- 
able degree  of  virulence  or  to  variable  resistance  i>n  the  jKirt  of 
the  ti.ssue.  The  toxin  is  essentially  negatively  chcmotactic  (see  | 
Intlaniination),  ami  tlHl^  prevents  the  phagocytic  action  of  the  leu- 
kocytes; while  nuuiv  nthcr  bacteria!  [XTtducts  and  the  itaeterial 
])roteins  ( liiichniT)  are  jmsitively  ehemutaetie.  When  a  pathogi'nic 
microbe  is  wanting  in  virnlence,  there  is  a  determination  uf  leu- 
kocytes  to  the  point  of  inoculation  and  Suppuration  re.sults.  ^U 
virnlcnt  microbe  in  the  strict  sen.se,  then,  is  one  that  easily  invades^ 
the  aniuinl  body  and  there  produces  its  more  or  less  powerful 
toxin  ;  An  avirnlent  one  prnduces  but  little,  if  any,  toxin  and  is 
destroyed  by  bacterinlytic  substances  and  liy  phagocj'tosis,  either 
with  or  without  su|>|>ur:iti<in,  fl 

Sapremia,  Septicemia,  and  Pyemia. — From  local  .«np-  " 
punitive  foci  toxic  priHluets  may  be  absorbed  into  the  general 
circulation,  an<l  a  condition  known  as  Saprnnia  results.  The 
infecting  baeterium  it.self  may  invade  the  blotxl-cnrrent  without 
giving  rise  to  any  .secondary  collection  of  pus.  This  is  terme<l 
Scjitiennia.  Wlien,  however,  the  microbe  is  carried  to  various 
parts  of  the  bixly  and  there  gives  rise  to  secondary  suppuration^  ■ 
the  condition  is  called  Pifcmia.  ^ 

The  destruetiou  of  leukocytes  that  takes  place  in  the  formation 
of  pus  is  probal)!y  <lue  to  bacterial  proteins  in  conjunction  with 

the  pressure  due  to  closely  packed  exudate.     From  this  point  of  

view  sup|)uration  is  not  specific,  and  its  prtxluction  by  various] 
chemical  substances  proves  this.  ■ 


IMMUNITY. 

Defitiition. — In  the  present  state  of  our  knowledge  of 
condition  of  immunity  it  is  most  dittictdt  to  give  a  precise  defini- 
tion of  this  term.  It  denotes  that  condition  of  an  oTg:anism  which 
enables  it  to  resist  the  attacks  of  bacteria  and  their  toxic  secre- 
tions. In  one  sense  it  is  the  reverse  of  susceptibility.  An  animal 
that  is  not  susceptible  to  an  infection  is  said  to  be  immune,  and 
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the  term  imniiinizsition  is  npplied  to  iIr-   process  by  whicli  an 
animni  hconmes  thus  rrlhiftorv. 

Varieties. — Two  jiriuL-ipal  forms  of  iniiminitv,  with  :i  miiiiliiT 
of  subdivision!-,  arc  recoguizccl :  (<i)  Natural  iinnimiity  ;  (//)  Ac- 
<juirc«l  immunity. 

(a)  Natural  immunity  iti  the  |x:>\ver  nl"  resistance  to  certain  bac- 
teria and  toxins  manifcstcil  h\  races  or  classes  of  men  and  animals, 
or  even  by  certain  individuals.  It  is  nearly  always  i»r  always  an 
inheritjince  from  immune  ancestors.     \\'c  may  distiiiiruish  : 

1.  Natural  Bacterial   Iwmitinlij. — In    this  case   the  resistance 
is   offereil   to  the    specific   haeteriwa.     Thus,    nunc  of  thi'   lower 
"mals   is  susceptible   to   syphilis,  nieasSes.  or   leprosy ;   man   is 
usccptible  to  rindcqicst ;  dogs  and  Algerian  sheej)  to  anthrax  ; 
thickens  to  tetanus;  negroes  to  yellow  fever;  and  in  epidemics  of 
various  kinds  some  in<lividuals  regularly  escape.     This  Itat'terial 
immunity  is  only  exceptionally  alinDltitr,  as  in  the  case  of  animals 
to  syphilis ;    usually   it   is   merely   rfhifh-t',   tlir-    su>ee|(tibility   or 
insusceptibility  varying  with  the  environment  <tr  individual  con- 
tritions. 

^H  2.  Naiural  Toxin  Inimunit;/. — Just  as  the  hog  is  naturally 
^Bpsistant  t<i  snakc-vcnoni,  so  certain  aiiiinjds  an-  iiniiiunc  to  certain 
^Bacterial  loxiiui.  Kats  are  resistant  to  diphtheria  toxin  ;  chickens 
^Ho  tetanus  toxin,  etc. 

^H     (6)  Acquired  Immunity. — This  may  be  naluralli/  anpiinil,  as 
^^^hen  an  animal  has  passed  through  an  infectious  (lisense,  or  arii- 
J^^ficiaHif  acquired,  when  an  animal  or  man  has  been  inoculated  with 
bacteria  or  bacterial  prnduets.     We  may  agiiin  distinguish  two  sub- 
varieties,  as  in  the  ease  of  natmid  ininumily. 

1.  Acquired  Bacterial  Iiiimnnih/. —  In  tfiis  form  the  animal  or 
man  ha.s  been  rendered  immune  by  previou.-,  luitundly  aerpiired 
di.scase  or  by  inoculation  with  th<'  speeilie  i>rganisnis  that  have 
been  first  re<lnced  in  virulence  or  killed  by  heating  and  other 
means.  Acquire<l  bacterial  immiuiity  does  not  lullow  all  infections. 
In  the  case  of  gonorrhea,  for  ex;ini))le,  it  is  wanting,  and  in  ery- 
sijKjIas  there  seems  t"<  be  increased  sriseeptibilitv  ;  bat  in  most 
of  the  infections  immuirity  is  |»roduced.  It  is  of  variable  dura- 
tion, sometimes  lasting  throughout  life,  sometimes  only  brief 
periods  of  time. 
'  2.   Acquired  Toxin  Immunify. — In  this  ff>rm  the  immtinity  is 

protlncMl  by  the  injectiim   into  anitnals  of  tlie  tuxius  fr<>m  bac- 
terial cultures  or  bv  injection   iu  men   or  animals  of  serum  of 
f      animals  that  have  been  rendereil  naturally  or  artificially  immime. 
'  Active  Immnnitif. — This  term  is  applied  when  artificial  bacterial 

immunitv  or  toxin  immunity  has  been    prodiieed  liy  inoculation 
with  living  or  dead  bacteria  or  by  injection  of  filtnites  of  cultures, 
because  in  these  ca.ses  there  is  actin-  prodiu'tion  of  the  immunizing 
ihstances  in  the  Ixxly  of  the  experimental  animal. 
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PdnKive  Iinmnulli/. — Tliis  term  is  applied  to  the  protection 
affonlod  by  injections  of  seriiin  of  imimine  animals,  because  in 
this  case  the  pnwess  is  passive  as  far  as  the  recipient  of  the  anti- 
toxic injection  is  concerned.  Active  immunity  is  relatively  much 
more  liistinji;  than  passive. 

Ill  iiiiiny  casus  iintnuiiity  asserts  itsi-lf  ajpiinst  both  the  infect- 
ing microbe  and  its  specific  toxin,  as  in  tlie  rat  witii  regard  to  the      i 
diphtheria-]>acilliis  and   its  toxin ;  but  more  ot\en  an  animal  ia  fl 
resistant  to  the  infection,  though  susceptible  to  the  toxin.     An^^ 
example  of  tiiis  is  the  action  of  the  guinea-pig  toward  tetanus 
(Vaillard).     Tiie  reverse  may  be  true,  and  we  see  an  injection  of 
tuberculin    without  effect   upon    a    healthy    animal    that  is    verj" 
susceptible    to    tuberculous    infection.      Most    commonly    natural 
immunity  exists  towaiil  the  infecting  microbe  and  not  its  toxin. 

Theories  of  Immunity. — .\11  the  phenomena  of  immunity 
have  not  been  satisiactorily  exjihiined,  luit  the  subject  is  at  least 
much  clearer  than  formerly. 

Bacterial  Immunity. — Ah-xiit  Tliennj. — The  blood  plasma  and 
fiuitls  of  a  n;itnr;illy  iuninine  animal  are  capable  of  destroyiufj; 
the  bacteria  tow;ird  which  the  animal  is  immune.  Thus  the  blooil 
of  the  nit  deslroys  the  anthrax  biieillus.  That  the  destructive 
agent  is  contained  in  the  blood  itself  is  shown  by  the  fact  that 
the  defibrinated  blood  an<l  pcricanlial  ctfusions  of  dogs  and 
rabbit.s  destroy  anthrax  bai'illi  outside  the  Ixxly.  This  bacteri- 
cidal action  is  not,  however,  sjK'citic  nor  confined  to  serum  from 
animals  naturally  immune  to  certain  infections.  On  the  contrary,^ 
the  destructive  action  is  manifested  toward  all  niiero<">rganisms  iofl 
varying  degrees,  and  the  sennu  of  man  or  animals  ahv.ays  mani- 
fests bactericidal  |)ower,  though  not  always  decidedly.  This 
bactericidal  action  was  attributed  In'  IJuchner  to  certain  albu- 
minous IkkIIcs  which  fie  ternuxl  alexins.  These  are  unstable  sulj- 
stanccs  resembling  ferments  in  action  and  easily  destroyed  by 
luating  the  serum  to  from  00°  to  60°  C.  It  is  now  quite  gen- 
ersdly  believed  that  the  principal  source  of  alexins  is  the  leuko- 
cytes, which  may  either  secret*  the  substances  in  question  or 
liberate  them  when  they  degenerate.  It  has  been  recently  shown 
that  the  protection  in  liactcrial  immunity  is  not  afforded  iiy  a 
single  body  or  alexin,  but  by  two  distinct  substances,  each  of^^ 
which  is  necessary.     (See  Ebrlich's  Side-chain  Theorj'.)  fl 

Tkenrij  of  Iithlhidon. — Another  theory  asserts  that  the  inhil>- 
itory  effect  of  the  serum  causes  sotue  change  in  the  vital  ])n)jH'rticB 
of  the  bacteria.  Cultures  of  bacteria  in  the  serum  from  imnuujc 
animals  seem  to  show  some  such  inhibitorv  effect,  but  this  is 
probably  duo  nither  to  the  immimi/.ing  action  of  the  sorimi  in 
which  they  are  suspended,  as  bacteria  freed  from  this  by  filtnitioii  h 
may  show  no  such  ])hysiologic  degeneration.  ^| 

Phagocytosis. — Metschnikoff  pn.)p3sed  the  very  attractive  theory 
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^p^liBDcytosis.  He  holils  tliat  the  ilcstnirtiim  of  tlie  niiorobt*  in 
le-sminal  body  is  to  l)f  explained  iiot  hy  tlio  oi>tiditi<ni<  of  the 
body-fluids,  but  by  purely  cellular  activity.  The  iiifeeting  niieiiibes 
are  taken  up  by  certain  cells  of  the  ortranisni  and  arc  dcfitroyed 
by  intraeelluliir  digejition.  These  t'oWn — plitn/nci/fiM — are  of  t\Mi 
kinds:  the  mobile  niicrophages,  includinir  the  riionouuelear  and 
pjlyniorphonuclear  leukooyte.s ;  and  the  fixed  riuien>|iliape.>i,  in- 
cluding the  vascular  endothelial  cells,  the  cells  of  the  Itoiie-marrow 
and  spleen,  certain  eoniieetive-tissuc  cells  and  Kiipfer's  eellr*,  and 
even  those  of  the  nerve-  and  nuiscle-tissiie.  Alter  injection  of  a 
culture  into  the  stibcutaiieoiis  tissue  of  an  uninial  naturally  or  arti- 
fjcially  immune,  he  noticed  that  the  bacteria  were  all  taken  iij>  by 
the  leukocytes.  That  these  nuerobcs  were  still  living  antl  viru- 
lent, and  were  not  taken  up  as  mere  dead  matter,  Sletsi-lmikot?" 
regards  as  fully  establisliud.  One  pnwf  he  cites  is  the  fact  that 
an  exudate  containing  no  free  liacteria,  but  all  intracellular,  is 
capable  of  producing  cultures  on  artificial  media  and  causing  in- 
fection in  susceptible  animals. 

Bactei-iolylic  Tluon/. — Pleitfer  opjioscd  to  Jletsehnikoff's  theory 
the  experiment  of  injecting  choleni  vil)rii>nes  into  the  peritoneum 
of  artificially  immunized  guinea-pigs.  He  observed  a  complete 
destruction  of  the  niicrolie  by  the  jieritoncal  fluid — an  agglutina- 
tion into  masses  and  a  gradual  degeneration.  There  were  few,  if 
any,  leukocytes  present,  and  he  therefore  claimed  that  such  destruc- 
tion was  entirely  extracelltdar  and  humoral  in  chanicter.  This 
property  of'  destroying  or  dissolving  bacteria  has  been  termed  the 
*' lynogenic"  action  of  serum.  However,  if  n  preliminary  injec- 
tion of  some  substance  that  determines  a  local  leukocytosis  is 
made,  there  may  wcur,  instead  of  the  reaction  of  Pfeifi'er,  a  true 
pluieocytosis.  Metsehnikotf  int<Ti>rets  Pfeifl'er's  phenomenon 
as  the  result  of  a  dissolution  of  the  lenk(H:ytes  dy  bacterial 
action,  and  solution  in  the  peritoneal  fluid  of  the  destructive 
substances. 

At  the  present  time  the  theory  of  phagocytosis  is  repirdcd  as 
one  of  subsidiary  importance.  It  is  admitted  that  the  ])hagocytes 
are  capable  of  incorporating  and  removing  bacteria  lessened  in 
vitality  by  other  agencies,  but  the  primary  and  imjwrtant  process 
even  in  this  case  is  the  destrnctivc  action  of  .substances  contained 
in  the  fluids  of  the  body,  while  in  the  ease  of  most  of  the  bacteria 
the  <lestruction  is  entirely  independent  of  the  phagocytes.  The 
bacteriolytic  sub.stance  has  been  fouml  ti>  npemte  outside  of  the 
body,  though  not  so  actively  as  in  the  peritoneal  cavity.  When 
it  has  been  partly  destroyed  by  long  standing  or  heat,  the  addition 
of  a  small  quantity  of  normal  serum  fmm  the  same  animal  species 
restores  the  bacteriolytic  ])ower.  (These  phenomena  will  be  asrain 
referred  to  in  the  discus.sion  of  Ehrlieh's  tlieor}-.)  The  sources  of 
the  bacteriolytic  substances  arc  the  spleen,  bone-marrow,  lym- 
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phatic  glamls,  tliyiniis  gland,  and  <loiil)tlcss  other  organs  as  well. 
It  is  [)ri)li!il>le  that  the  suiirce  dilVrrs  in  ditiorent  infections. 

Biicteriolysins  dit!'er  from  Huehoer's  alexin  in  being  specific  in 
action,  and,  tlnTefori',  operative  only  in  the  ease  of  bacteria  to  which 
the  animal  has  been  immunized.  The  bacteriolysins  arc  closely 
related  to,  if  not  ideulical  with,  hemolysins,  substances  occurring 
iu  the  plasma  under  certain  conditions  and  csipable  of  destroying 
red  blood-corpuscles.     (See  Ehrlich's  Theory.) 

Biu-lrriiil  Aij'fhilinntion. — Recent  investigations  by  Gniljer,  Dur- 
liara,  Widal,  and  others  have  shown  that  the  .serura  of  aninials  or 
man  reudercii  immune  (naturally  or  experimentally)  to  infection 
with  the  bacilli  of  typhoid  fever,  cholera,  the  bacillus  coli,  etc.,  causes 
agglutination  and  tlticcuient  precipitation  of  the  respective  bacteria 
from  their  bouillon  cultures.  The  reaction  may  be  obtainefl  with 
dead  bacilli  under  certain  conditions  and  even  with  inert  matters 
held  in  suspension.  (For  further  details  see  Typhoid  Fever. »  This 
phenomenou  [traction  of  Grtihvr-Widiil]  has  been  interprete<l  as 
n'presenting  the  nuRle  of  defence  of  the  org-.inism  against  infection, 
and  the  reaction  has  therefore  been  considered  as  one  of  immunity. 
The  reaction,  however,  bears  no  relation  t«>  the  severity  of  the 
infection  or  the  degree  of  immunity.  The  serum  may  l)e  highly 
agglutinative  and  yet  have  no  immune  properties.  iSome  have 
thought  that  the  agglutination  is  closely  associated  with  bacteri- 
olysis, perhaps  as  a  preparatxiry  step,  but  the  two  functions  are 
certainly  distinct. 

llecent  experiments  seem  to  show  that  two  substancics  arc  con- 
cerned in  agglutination — an  agglutinable  and  an  agglutinating 
body.  The  latter  appears  to  be  albuminous  or  relatetl  to  serum- 
globulin,  as  it  is  preci])itated  with  the  latter  by  magnesiiun 
sulphate.     It  is  mucti  more  resistant  to  heat  than  is  alexin. 

Fetfncnf  T/icori/. — .\  ferment  theory  has  been  offered  in  explana- 
tion of  some  of  the  phenomena  of  immunity,  but  it  is  of  only  re- 
strictfjd  interest  or  importance.  Certain  iiacteria,  like  pyocyaneus, 
typhoid,  and  ehok'ra  bacilli,  are  capable  of  elaborating  ferment-like 
btxlies  that  have  been  designated  jii/oci/aiinsf,  ti/phnsr,  and  cholerase. 
These  have  some  bacteriolytic  power,  and  natural  immunity  lias 
been  explained  by  assuming  the  presence  in  the  plasma  of  such 
ferments.  The  action  of  these  ferments  is  not,  however,  sjwcific, 
and  their  relations  to  other  bacteriolytic  bodies  is  still  obscure. 

Toxin-immunity. — The  pmbable  nature  of  toxins  has  been  di»- 
cussefl  oil  page  2(VJ.  It  is  found  in  some  cases  that  an  animal  is 
susceptible  to  the  action  of  the  toxin  of  a  certain  bacterium,  though 
refractory  to  the  bacterium  itself,  and  the  reverse  may  also  occur. 
It  is  clear,  therefore,  that  the  resistance  to  bacteria  and  the  resist- 
ance to  toxins  are  distinct  processes,  though  the  two  are  in  most 
instances  associated  in  the  same  animal. 

Natural  Toxin-immunity. — Normally,  certain  classes  of  animals 
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exhibit  natural  toxin-immniiity  just  as  wc  have  seen  luitiiral  bac- 
terial immunity  existing  in  I'l-rtniii  animals.  T!ie  imiminily  of 
tlic  liog  to  snake-vononi,  of  tiic  chii'l-jcn  to  tetuiiii.s  toxin,  df  the 
rat  tu  diphtheria  toxin,  and  other  i^xainjiles  niiglit  W'  cited.  Tiie 
exphinution  of  this  natural  imniunily  is  gtill  uncertain.  It  is  suj)- 
poseti  that  the  immunity,  which  is  an  heri'ditnry  one,  originally 
cx'curretl  in  the  ancestors  as  a  rtsult  of  the  infW'tioii  or  intoxi- 
cation in  question.  They  then  tran.'^niitted  the  ininmnity  to  their 
dei5cen<lants.  With  the  discovery  of  antitoxin  (tu  he  descrilied 
Vjelow)  it  seemed  likely  that  an  exjilanation  of  natural  taxin- 
inimunity  had  been  discovered,  but  it  was  found  that,  in  the  case 
of  the  chicken  and  rat,  not  a  trace  of  antitoxin  was  present  in 
the  blo«xl,  though  these  animals  are  highly  inmintie  to  the  toxins 
of  tetanus  and  diphtheria,  resfMi'ctivrly.  It  was  also  found  that 
in  these  animals  the  introduction  of  the  toxins,  nliile  firodiiring 
no  symptoms,  rendered  the  serum  liighly  toxic,  and  that,  tnins- 
ferred  to  other  animalij,  this  serum  ]>roduceil  the  symptoms  ol'  the 
di-seases  named.  Tlie  toxin  evidently  cireuhttes  in  an  unaltered 
etate  at  least  for  some  time,  and  the  immunity  is  not  due  either 
to  destniction  of  the  toxin  or  to  its  i-apiti  elimination  ;  and  as  anti- 
toxin is  al)8ent,  it  seems  likely  that  the  inununity  rests  upon 
an  unreceptive  quality  in  the  cells  of  the  body.  Keecnt  exjKri- 
mcnts  have  made  it  clear  that  toxins  attach  themselves  closely  to 
certain  cells,  as,  for  exan)j)!e,  the  nerve-cells  in  the  case  of  tetanus ; 
an<l  it  may  easily  be  conceived  that  if  these  cells  are  not  receptive, 
the  toxin  might  circulate  harmlessly  in  the  serum.  Experimental 
proof  of  this  view  will  be  cited  later, 
^b  The  term  antilojin  is  ajiplied  to  a  substance  or  .substaui-es  in 
^Kthe  serum  of  an  animal  that  jirotect  against  the  toxin  of  a  specific 
^■disease. 

^H  Acquired  Tariii-immitjiiti/. — T'chriug  first  prfxluced  antitoxin 
^fof  diphtheria,  but  since  his  investigations  antitoxins  of  tetanus, 
r  snake-venom,  and  of  various  infections  poisons,  mainly  of  lal>o- 
^—latory  interest,  have  been  produced.  The  proihiction  of  anti- 
^Ktoxin  is  accomplished  by  treating  an  animal  at  first  with  small, 
^^and  later  with  larger,  doses  of  the  toxin  until  the  antitoxic  quality 
1^  is  developed.  .As  a  matter  of  pnH'tical  jirocedure  in  some  cases 
^■(<-.  (7.,  diphtheria)  i-nltures  that  bavf  Ineti  sterilized  by  heat  or 
^B  cultures  containing  liactiria  of  low  \inil<'iice  are  freipiently  used  in 
r  the  ejirly  inj<ftions,  and  later,  when  a  certain  degree  r)f  inmnuiity 
^B  hn.4  been  pr<Kluced,  the  animal  is  iiuKndated  with  virulent  cultures 
^B until  the  antitoxin  reaches  a  maxinnim.  When  toxin  of  sufficient 
^■strength  can  Ik;  obtaineti,  the  antitoxin  can  be  most  surely  pre- 
^Bparini  by  using  the  toxin  alone.  In  the  course  ot"  th<'  ininuuiii'.ation 
of  the  animal  the  antitoxin  sometimes  disa|)pears  from  the  l>loo<l, 
though  without  any  lo.ss  of  immunity  on  the  part  of  the  animal. 
This  phenomenou  may  be  explained,  like  that  of  natural  toxin- 
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immiiuity  and  natural  bacterial  immunity,  by  the  assumption  that 
the  cull.-;,  un  the  oiu'  liiuiil,  have  bwome  uiireceptive  for  toxins 
and  that  tliu  blotxl-.-^eruin  iuis  l)C(toine  bacteriolytic. 

Acqiiircd  tdxiii-iiiinninity  was  first  cx]ilaiued  by  Bchriug  in  a 
manner  similar  tu  tlic  ex|)lauatiun  at  tliat  time  offered  for  natural 
toxin-immunity — that  is,  he  tjiiight  that  the  tissues  of  the  b^wJy 
become  accustomed  to  the  toxin,  a  sort  of  Mitliridatization.  Later 
he  recognized  that  the  resistance  is  ihie  to  the  presence  of  an  anti- 
toxin. This  at  first  was  retfjirded  by  many  as  an  altered  form  of 
toxin,  and  among  other  eX[HM'iment8  offered  to  prove  this  view, 
was  that  of  genenitinij  antituxin  in.  vitro  by  ihi.'  action  of  either  a 
contiinious  electric  current  or  a  nipidly  interrujitcd  direct  current 
It  is  ver\'  likely,  however,  that  the  suppjsed  antitoxin  in  this  ease 
was  simply  a  toxin  of  lower  viruliMice  and  that  its  seemingly  anti- 
toxic character  was  really  due  to  its  capacity  for  ileveloi)ing  im- 
munity wIk'U  injt'ctetl  into  animals. 

(Jccasionally  antitoxin  is  found  in  tiie  normal  animal  tjr  iu  man 
without  previous  occurrence  of  the  infection  under  consiik-ration ; 
tlius  iu  a  notable  jinvportiou  of  normal  horses  diphtheria  antitoxin 
is  fiMirTd  iu  tiu'  blood,  ami  the  same  is  true  of  eliildreu  and  of  adult 
human  beings.  In  these  latter,  of  course,  the  pos>ihility  of  a  slight 
attaciv  of  the  disease  occurring  in  early  life  and  having  lK>en  over- 
looked must  \w.  eonsideretl.  In  animals,  such  as  horses,  in  which 
the  disease  docs  not  occur  spontanciuisly,  this  explanation  dix^s  not 
hold.  In  the  light  of  recent  knowledge  it  seems  ])robal)le  tluit 
antitoxin  may  be  pnKluced  i)y  tlie  cells  under  stimulation  other 
tlian  ihat  of  the  specific  toxin,  and  while  antitoxins  .are  specific  to  a 
very  large  degree,  so  tliat  tluit  of  diphtheria  prot/'cts  only  against 
the  diphtheria  poison  and  that  of  tetanus  oidy  against  the  tetanus 
poison,  this  s|)ecificity  is  not  absolute.  It  is  known  that  diphtheria 
toxin  protects  against  abrin  ]niisoning  and  the  antitoxin  of  robin 
poisoning  ]U"ivter{s  against  abrin  and  riein  ]>oisoning.  while  the 
tetanus  antitoxin  is  ]i;irtinlly  preventive  against  snake-venom. 
Further,  it  has  been  sliown  that  injection  i>f  various  chcmotactic 
substances,  such  as  sidt  solution,  extracts  of  certain  orgsuis,  peptone, 
ciinianiie  acid,  etc.,  are  ca^Kible  of  producing  in  the  blotxl  some 
antitoxin,  though  they  are  more  ]>artieularly  active  in  generating 
bacterial  immunity.  Thesi'  fact.-,  iuilicate  that  antitoxins  are  not 
strii^tly  speeitie  and  that  in  n.  limited  degree  they  may  be  pro- 
ducilde  by  other  means  than  pri'cxistim;  infectiou  or  inoculation. 

Action  of  Antitoj-in. — It  was  first  thought  bv  ISehring  that  the 
toxin  and  antitoxin  enter  into  a  chemical  condonation  whicli  com- 
pletely destroys  the  identity  of  the  two  substances.  This  was 
disproved  by  the  discovery  tliat  a  mixture  of  snake  toxin  and  its 
antitoxin,  which  has  no  I'ifect  when  injected  into  an  animal,  l)e- 
comes  highly  t<ixic  when  heatj'd  to  70''  C.  It  is  known  that  the 
antitoxin  is  destroyed  at  this  temiK-niture,  while  the  toxin  is  not 
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It  18  verj'  probable  that  the  toxin  ami  nntitoxiu  enter  into  a  form 
of  lixjse  ent-niical  foinbiiiation  without  losiiitr  their  iflriititv  just 
as  livdrocliloric  acid  entt-r.-i  into  luuso  winiiniiatiiHi  with  aU)miiiii 
in  jpi.-«tric  digestion. 

The  Chmiical  Xature  of  Antitoxin. — lint  littlu  is  kiiiiwn  rcgaril- 
ing  the  antitoxin:^  excepting  tliat  thev  are  relatively  ri'sistant  to 
heat  and  other  cxtcnial  agencies.  Tims  the  tetanus  antitoxin 
bears  a  terajHTatniv  of  up  to  70°  C,  as  well  as  tlie  aetiuii  of  suii- 
liglit,  and  even  putrefaction,  wilhoiit  bring  th'stfnycd.  It  se»"iiis 
likely  that  the  antitoxins  are  albniiiinoiis  Imdies  or  that  they  are 
closely  associated  witli  sueh  liwlio. 

Traiisiiiission  of  Antitoxin. — Tlie  heretiitarv  transmission  of 
antitoxin  has  been  stndieil,  and  it  has  Ijeen  found  that  tnuisniission 
takes  place  from  the  niothiT  to  the  olfspriiig  thruugji  the  fi'tal 
circulation  or  after  birth  tJirougli  milk.  TluTf  is  no  tninsmission 
from  an  immune  male  parent  to  thf  olfsjiring.  In  exjierinuiital 
work  the  transmission  of  immune  substance  could  not  be  tnieed 
as  far  a.s  the  second  generation. 

E/iminiidon. — Antitoxin  is  probably  eliminated  through  all 
the  secretory  organs.  It  has  been  found  in  tlie  urine  ami  to  a 
lai^e  extent  in  the  milk.  Kriegir  and  Ehrlicli  obtained  a  tjuite 
concentrated  form  of  antitoxin  by  prceipitaiinn  of  tlie  easiin  l)y 
ammonium  sidphate  and  pnritieation  by  dialysis.  As  in  the  ease 
of  toxins,  the  whole  of  the  antitoxin  seems  to  be  carried  down  by 
the  precipitated  colloid  easein. 

AH  the  phenomena  of  imniiniity  have  l»een  ex[)lained  by  Ehrii<'h 
in  a  very  comprehensive  theory  e;dle<l  thv  Slilt-rimin  Thinri/.  I'he 
applications  of  this  to  toxin-immunity  will  be  first  considered  for 
the  sake  of  simplicity. 

Ehrlich's  Side-chain  Theory. — o.  To.rin-immtni!fi^, — This  theory 
explains  the  facts  regarding  the  action  of  toxins  and  the  formation 
of  antitoxins  better  than  any  that  has  been  suggestc<l.  It  is  based 
upon  the  hyp)thesis  that  bacterial  toxins,  like  assimilated  food- 
stuffs enter  into  chemical  conibiuatiim  with  the  cells  of  the  liody. 
In  this  respect  toxins  differ  from  chenneal  poisons  wiiieh  <lo  not 
enter  into  such  combination,  and  this  ntay  ex|ilain  the  liiilure  of 
all  experiments  at  prmluetion  of  antitoxins  for  fiuch  poisons. 
Some  non-bacterial  poisons,  such  as  snakc-venonr,  abrin,  riein, 
etc.,  re.semble  toxins  in  eomliining  with  the  eiUs,  and  it  is  notable 
that  in  the  case  of  these  p<iiso)is  antitoxins  have  l>een  produced. 
The  combination  between  a  toxin  and  a  cell  is  effected  by  atom 
groups  or  radicals  (to  borrow  terms  from  organic  chemistry),  the 
gn)np  of  the  cell  entering  into  eoml>ination  with  the  grouji  <»f  the 
toxin.  These  are  termed  haptophore  groups.  In  addition  to  its 
haptophon-  gri>up,  the  toxin  moleenli'  contains  a  {oxoplior<>  group 
which  carries  its  toxic  capacities,  but  the  toxophore  group  cannot 
operate  upon  a  cell  until  tlie  toxin  has  been  anchored  to  the  cell  by 


214 


TEXT-BOOK  OF  FATHOLOOT. 


tlie  junction  t>f  the  hapt.jphorc  groupa  (Fig.  79).  When  a  toxin  is 
intr.xliiivtl  into  t\w  b<nly,  it  seeks  tuit  cells  containing  iiaptophore 
grouiis  Iravinjr  alliiiit.v  ImV  its  own  haiitopiuire  group.  These  liapto- 
phore  gnnips  of  the Vvlls,  from  tlieir  receptive  function,  are  called 
receptort,  ami  they  tire  specific  in  so  far  as  the  receptors  of  certain 
cells  will  euuiliiiie  with  the  haptophore  groups  for  which  they 
have  affinity  ami  with  no  others.  In  this  way  it  may  hapiH-n  that 
a  highly  toxic  JHidy  may  circulate  harmlessly  in  the  body,  as  there 
are  no  ri'eeptors  lor  which  il  lias  artinity,  (This  matter  was  re- 
ferreil  to  in  the  panigrapii  on  Natunil  Toxin-inimuuity.) 


M>^- 
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Fig.  79.  -  Receptura  uf  three  orders  (Ehrllch). 

Ehrlich  hiis  dwrrihod  rorepti^rs  of  l!»n?e  ordeni :  1.  The  rereptor  of  tht*  first  nrdiT  i«  * 
ulngli' coiiiljiiiiim'trniiiii  wllhiHil  any  "thvr  fiininlnn.  On  thlii  iicconnt  Khrll<'h  fiwnfowf 
it  as  a  imicti)U>r.  In  Kift.  7(i.  I.  sneh  rece|il"rs  aro  shown  nt  ■!.  On  the  riehl  hand,  the 
receptor  has  Wconio  niiited  with  a  toxin  in'tlt'cnlc, />.  Tlie  iattcr  shows  itis  hftptoithore 
gronpat  <*,  and  its  toxophor*,*  tfronp  nt  (^  it  is  the  receptor  of  tiie  tirst  ftrder  tliat  con- 
atltnU'ii  antitoxin  wlicn  lllt'nit'd  from  the  parent  c-eli.  2.  Iteocptors  of  the  second  order 
(FiK.  7'J,  11..  r)  have  a  hapt^iphore  itronp,  »■,  and  a  jymophore  (fmnp.  >1  The  latter  11  to 
named  heeanse  of  its  ferment-iilte  eaj»fteitie.s.  On  the  rii;ht  Iniinl  is  seen  a  rell  or  molecule, 
/,  combined  with  the  hapt<.)phore  irronp  of  the  receptor,  in  sneh  nf».sitinn  iloif  ilu^  .•vmo- 
phore  trroup  can  act  ui^'Hi  it.    Haviin^  but  one  haploplion*  trronp.  like  th«'  -       ■  ■  ■  fhe 

first  order,  thiise  of  the  second  orrler  also  are  inclnded  under  the  term  of  m  The 

phenomena  of  aRKlntination  and  preciy)itation  are  prol*ably  ••cca.sionc'l  ■ -"nd 

order  of  receptors.  3.  Keeeptt)rs  of  the  Ihtnl  order  \Fi«  7y,  HI  .  /)  carry  tw.>  haptophnrr 
jrroups.  f  and  O-  One  of  these  combines  with  a  molecule  or  cell./,  for  w'hich  the  receptor 
has  afiinity,  and  the  other  combines  with  the  haptophore  group  of  the  completnent.  *, 
which,  when  so  comblited.  can  act  njKin  the  cell  anchored  to  the  <^ther  haptophore  gT»>up. 
The  complement  has  two  yronps— one.  its  hafttophore,  /i,  anci  the  other,  its  zyinotoxic 
group,  s.  The  name  amboceptor  indicates  the  presence  of  twi>  haptopliore  irroni>s  in  the 
rcecptors  of  this  order. 

Wlirn  the  receptors  of  the  cells  are  tilili/.cd  hy  coinhiiiation 
with  the  ii:(]itopliores  of  the  toxin,  they  niiiy  he  regjtnlcf]  a.s 
neiitrdlized  or  practically  destroyed,  and  the  cell  has  .suff'erctl  a 
"  dcfei't  "  which  must  l»c  rcplacctl  by  regenerative  proccs.>ie.s.  This 
iisiinlly  follows  promptly  according  to  the  wi^ll-kiiown  theory  of 
Weigert  tlint  destruction  is  followed  by  regeiienitiim.  In  accord- 
ance witii  the  sjiiue  theory  this  regeiienitinii  often  more  than  re- 
places the  loss,  .so  that  in  the  t^ase  under  di.seu.ssion  there  is  an 
over|)iviihietiim  of  receptors  in  the  cell,  and  some  of  those  are 
extnitled  from  the  cell  into  the  l)l(T<id-plasma,  whore  they  consti- 
tute the  antUnx'in,  since  they  are  now  free  and  able  to  combine 
with  the  toxins  before  the,«c  can  reach  cells  susecjitible  to  the 
iiction  of  the  toxophorc  group.     The  toxin  thus  eombinefl  with  a 
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lil>onite<l  receptor  (antitoxin)  is  incapa!)le  of  harm,  as  its  own 
liaptophore  group  is  promptly  joined  (o  tlif  antitoxin  ant]  raunot, 
tlier<;lbre,  fix  the  toxin  to  a  vnlni'miilc  i-cll,  whidi  is  the  pre- 
recpilsitc  for  the  operation  of  tiie  toxophfire  proiij)  upon  a  eeil. 
After  antitoxin  formation  has  hegun,  it  may  eontinne  f<ir  some 
time,  causing  successive  di8<'harges  into  the  bhxKl-stream  of  the 
antitoxic  material.  This  is  siiown  liv  the  continued  presence  of 
antitoxin  in  animals  that  have  been  Idinf  ho  ai)iindantl_v  tliat  ])rao- 
tJcallv  all  the  oripinal  hlood  innst  have  been  witlidnnvii. 

All  the  steps  in  this  tlunry  have  Ijcen  practically  dennni- 
strutcd.  In  the  first  |)laeo,  it  has  Ix'en  shown  that  the  toxin  enters 
into  firm  combination  with  the  cell  by  mixing;;  tetanus  toxin  and 
emulsions  of  normal  brain  tissue.  Under  these  circumstances  a 
certain  proportion,  or  all,  nf  the  toxin  unites  with  the  nerve-eells 
an«l  the  mixture  is  found  to  be  harmless  when  injected  into  animals. 
In  the  second  pla«^e,  Ehrlich  shtiwed  that  tin-  antitoxin  formation 
results  from  the  combination  of  the  haptophore  groups  of  the  toxin 
and  of  the  cell,  and  is  indejK'iident  of  the  toxophore  yroiip.  This 
he  demonstrated  by  priKlticing  antitoxin  in  animals  inoculated  with 
toxoid  (a  bo<ly  derived  from  toxin  but  haviiiij;  no  toxii*  tjualities). 
The  toxoid  has  the  same  combininjr  cn|tacity  I'or  receptors  of  tlie 
cells  as  ha**  the  toxin,  but  it  simply  lack.^  the  toxophore  gnmjis, 
which  somehow  have  disappeared  or  become  altered.  In  the  tliiril 
plucM-,  it  has  been  shown  that  the  antitoxin  formation  takes  place 
in  the  fixed  tissue-cells,  where  the  toxiti  finds  suitalde  rece|itor8, 
and  not  in  the  circulating  bloml  itself,  sinc<'  antitoxin  couhl  be 
extracted  with  salt  solutions  from  the  bliKMl-makinjr  orj^ans  of 
animals  that  had  been  treated  with  toxin  Ijiit  had  not  yet  any  anti- 
toxin in  the  blmKl.  Of  course,  the  period  of  time  during  which 
such  an  experiment  could  succeed  must  be  a  very  brief  one,  but 
it  has  been  accom]>lished. 

Numerous  ex|M'rimcnts  have  shown  thai  the  antitoxin  is  not 
altered  toxin,  but  a  new  ](rodnction,  as  stated  in  this  tiieorv.  The 
large  amount  of  antitoxin  produced  by  a  small  amount  of  toxin 
alone  would  suffice  to  disjirovc  the  theory  of  tnuisformatioii. 

Haptophore  grou|)S  of  receptors  stil!  in  conneetiou  with  the 
parent  cell  are  not  to  be  n'garded  as  antitoxin  ;  nitlier  the  contrary, 
for  they  serve  to  anchor  the  toxin  to  the  cell  where  the  toxi>]ihore 
group  is  in  jntsition  to  injure  the  cell.  It  is  only  ha]>tophore 
gn)nps  that  are  free  in  the  circulation,  and,  thcnfore,  capable  of 
fi.ving  toxin  and  keeping  it  away  from  the  cells  that  constitute 
antitoxin. 

b.  Bacterial- Immunitti. — The  application  of  Ehrlich's  theory 
to  the  phenonn-na  of  bacterial-immunity  is  fpiite  as  satisfactory 
as  it  is  to  the  formation  of  antitoxins.  When  a  bacterium  i.s 
introduced  into  the  bo<ly,  the  prol)lcm  of  the  defence  of  the  organ- 
iiitn  a^^inst  the  invading  bacterium   is  much  more  complicated 
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tliaii  that  i)f  the  defence  against  a  toxin,  because  the  bacterium 
contains  a  variety  i>f  substances,  siu'ii  as  its  pmti-in,  various  fer- 
ments, ami  oven  speeitie  toxins  elaboiiitiid  in  tin-  cuiture-mediuin, 
and  after  its  inlriMliiL'titm  into  the  animal  organism  more  toxin  is 
elaborated.  In  eonsi'quenec,  the  defenee  of  the  animal  orgauiHiu 
ajijainst  the  bacteriimi  is  a  complicated  one,  involving  formation 
of  antitoxin  and  other  ;int:ijc;onistie  bodies,  including  those  which 
attack  tliu  bai-ti'rium  it.M'lf  in  eontradlstiiirtion  to  the  prtxlucts 
of  the  Ijaeterium.  The  defense  a^.iinst  the  baeterinm  is  the  pnxv 
ess  that  has  been  referred  to  [treviunsly  in  describing  Pfeiffer's 
phenomena  of  bactorioiysis.  Tiiis  process,  accoriling  to  Ehrlich's 
investigtitious,  is  practically  idcnticjil  with  that  of  hemolysis, 
or  destruction  of  red  corpuscles,  which  occurs  when  the  blood 
of  one  animal  is  injected  into  another,  or  when  certain  hemo- 
lytic agents,  like  snake-venoin,  are  introduced  into  the  blo<xl. 
As  the  study  of  the  hemolysis  is  pnicticully  much  easier  than  that 
of  bacteriolysis,  the  theory  was  elaborated  on  the  basis  of  experi- 
ments in  hemolysis,  and  two  distinct  substances  or  boilies  are 
involved  in  the  process.  One  of  these  Ehrlich  formerly  desig- 
nated as  the  inlrriiic(llui'i/-fKtdif  in  the  case  of  hemolysis,  or  the 
iiiiuiitur-liDili/  in  the  case  (jf  liurterial-iinmunity  ;  the  second  is  a 
complcnieutai'v  body,  and  is  ilesignated  the  cumplanmL  The 
interiuediury-biKly,  or  iinuiune-hody,  is  a  prinluct  of  cell  activity 
(libenited  receptors)  under  the  inrtneucc  of  infectious,  toxic,  or 
other  agencies,  which  is  .set  free  in  the  same  manner  as  is  the 
lutptophorc  group  in  the  case  of  antitoxin  formation.  It  has  two 
h:i]itophore  groups — one  having  aHinity  for  the  complement,  and 
therefore  designated  n>iUjilan(:tilr>j)lnUc ;  and  the  other  having 
affinity  for  the  bacrterium,  red  corpuscle,  or  other  cell,  and  there- 
fore designated  ft/tuphiiic.  On  accoturt  of  this  possession  of  two 
hapto|iliore  gri>ups  Ehrlich  has  lately  designated  the  interme«liary- 
body  Ijy  the  term  niiihrirepl'ir.  It  is  n  stable  siibstanee,  not  influ- 
enced l)y  moderate  heat.  The  comj>leinent,  on  the  other  hand,  is 
a  ferment-like  body,  and  is  a  constituent  of  normal  blood-plasma. 
Its  ferment-tike  cliaracter  is  evidenced  by  its  ready  destnictibility 
by  heat  (-J5°  or  -'itl'^  C).  The  complement  is  probably,  in  a  great 
measure,  derived  from  the  leukocytes.  Without  the  complement 
the  amboceptor  is  a  harmless  substance,  and  without  the  ambo- 
ceptor the  complement  cannot  affect  the  cells  (bacteria,  red  bbxid- 
corptiseics,  etc.).  The  haptophore  group  of  an  aniiioeeptor  is  more 
or  less  specific,  so  that,  unless  the  receptors  (haptophore  groups) 
of  the  liacteria,  red  corpuscles,  etc.,  are  homologous  with  the 
cytophilic  haptophore  of  the  :ind>occptor,  and  the  complement  is 
homologous  with  the  c<)n))ile)ncntophilic  haptophort;  of  the  ambo- 
ce]>tor,  the  three  elements  cannot  be  brought  into  relation — in 
other  words,  the  amboceptors  ami  conijtlements  are  more  or  less 
sjK'cific  and  must  be  homologous  with  the  receptive  haptophores 
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or  receptors  of  the  cells.  There  must,  tlnn,  be  a  great  many 
varieties  of  receptors — jx'rliaps  liiiiulrfils  or  tlmusituls — in  orflir  to 
fix  the  e4uall_v  niimoroiiP  variulirs  of  jimborLptors,  aiiil  tlic  ssinie 
is  doubtless  true  of  the  eoniitlorneiit.  Tlie  lattiT  IjchIv  eorre.sjmiiiis 
with  the  alexin  of  Buehner ;  l>ut  while  some  autlnirs  r^till  Ixliive 
the  alexin  to  be  a  single  IkkIv,  Ehrlieh's  invfstijnui'ins  would  show 
that  this  term  comprises  a  gn-at  variety  of  IxhIIl'S  (eiiui|>Ifnu'nts). 
Kj-jjlnudtioii  of  fftiffera  Phcnomrnou. —  The  jilu'iinnK'na  of 
Pfoitfer's  bacteriolysis  may  l)e  explained  in  tlii'  following  manner: 
When  the  bacterium,  with  a  quantity  of  immune  serimi,  is  intro- 
duced into  the  peritoneal  cavity  of  an  animal,  an  anilxx-eptor, 
having  a  combining  (piality  (cytopliilic  ha]jtoplior('  group)  homol- 
ogous with  that  of  the  bacterium,  iittaelies  it.-olf.  The  etUTiple- 
nient  (lysin)  then  becomes  anchored  to  the  e(im|)lenientiiptiili(.' 
haptophore  group  of  the  ambocejitor,  and  in  tliis  |)usitinu  «.>  able 
to  bring  about  the  solution  of  the  bacterium  and  its  destruction. 
The  phenomena  of  hemolysis  may  be  explained  in  the  same  way  : 
the  amboceptor  fii-st  attaches  itself  to  the  red  corpuscle,  and  tlie 
complement  (hemolysin)  iti  turn  attaches  ilsell'  tn  the  andioccptur. 
The  m-cessity  for  Iwo  budies  in  the  [(ripdiietina  of  tiiese  plte- 
nuniena  has  been  thurou^ddy  demnnstrated.  It  is  known  that 
serum  cajwblc  of  priMlucing  I'fciiler's  pliciiiinicna  in  vitro  loses 
tliis  j>ower  when  subjected  for  a  certain  length  of  time  to  heat  or 
sunlight.  A  prompt  restoration  of  the  power  follows  the  ad<lition 
of  small  (piantities  of  normal  (unheaterl)  serum  (d'the  same  animal 
])ecies.  This  proves  that  a  ferment-like  body  (destroye<l  by  heat) 
IS  a  necessary  factor,  and  that  this  ferment  is  jvresenf  in  the 
>rmal  serum  of  the  animal.  The  ini|»(irtance  of  tlie  coniph-ment 
as  been  further  liemonstratetl  i)y  the  formation  of  antieomple- 
ments,  which  are  capable  of  combining  witli  it  and  thus  sto})ping 
its  action.  When  the  anticoinplement  is  witlidniwii,  the  comple- 
ment is  again  cajwible  of  operating.  In  a  similar  manner  anti- 
amlKK'cptors  have  iieen  prciducwl,  and  have  sometimes  been  found 
io  the  blood  of  normal  animals, 

Ehrlich's  theory  also  explains  certidn  processes,  such  as  aggluti- 
nation, precipitation,  cytolysis,  etc.,  which  are  not  concerned  in 
the  phenomena  of  immunity,  but  may  be  referred  to  in  this  )>hice 
on  account  of  their  illustrating  the  applications  of  the  side-chain 
theory. 

[     Agglutination. — Bacterial  agglutination  {rrruber-Durhani  phe- 
nomenon) is  exjdained  by  Ehrlicli's  theory  somewhat  in  the  same 
wav  as  bacteriolysis  and  hemolysis.     In  the  case  of  agglutination, 
however,  there  is  but  one  agent^ — a  liberated   receptor,  having  a 
haptophore  group,  which  attaches  itself  to  the  bacterium,  ami  a 
rmophore  group,  whiidi  plays  a  part  similar  to  that  of  the  com- 
iement  in  bacteriolysis.     It  ditlers  from  the  complement,  how- 
iver,  in  being  an  integral  part  of  the  agglutinative  receptor,  and 
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not  a  separate  body,  which  attaches  itself  to  t!ie  latter.  A  serum 
which  has  the  pnijicrty  of  a^j^lntiiiatiiijj  the  bacteria  of  a  certain 
disease  (as,  c  //.,  typln'id  fever)  cuntaius  liberated  receptors  tiiat 
were  .set  Tree-  by  the  cells  oC  the  licnly  and  that  have  the  projierty 
of  attacliiii^r  themselves  to  the  specific  liacteria  conceriiefl  in  that 
disease.  When  so  attachetl,  tJicir  ferment-like  group  or  zyrao-  I 
phore  ijjroup,  which  is  the  active  apciit,  pmduces  agglutination. 
(See  Ty|)hoi<l  Kacilliis.) 

Precipitin. — The  phenomena  of  precipitation  of  various  suli- 
stances  that  have  been  iiitroibieed  into  an  animal  iirganism  by  the 
action  of  serum  deriveil  from  the  I>Kkm1  of  such  animals  have 
been  ascribed  to  spei'ific  "'  jn'etMpiiins."  Thus,  when  the  blotxl 
of  human  beings  is  repeatedly  introduced  into  the  peritoneal 
cavity  of  rabbits,  the  rabbit-serum  aeipiires  the  property  of  pre- 
cipitating; hmnan  IiIocmI,  When  the  lilood  of  several  animals  in 
succession  is  introihii-ed  into  an  animal  of  a  diH'ercnt  sj)ecies  from 
each  of  these,  it  is  lonnd  that  liie  precijiitatiun  is  a  specilic  prrK-ew, 
since  the  specific  jRvwer  to  precipitate  the  bloo<l  of  each  of  the 
species  employed  can  be  successively  demonstrated.  When  albn- 
nn'nous  li([nids  or  sncli  a  roinplex  mixture  as  milk  is  intriKluced 
into  animals,  the  Iiloud-stTinn  of  the  animals  .acquires  the  property 
of  precipitatitiir  the  albumin  used  or  the  milk  (cnscin).  This  anil 
other  ex[)eriments  show  the  wide  rangt?  of  applicability  of  the 
principle  of  (jreeipitation.  Klirlich  ex]vlains  the  process  of  precipi- 
tation in  the  same  way  as  that  of  aggbnination,  by  the  assumption 
that  receptors  carrying  lia]Mophore  groups  with  an  affinity  for  the 
preei])ita!)le  body  are  set  free  in  tlic  serum,  and  that  associated 
with  these  haptoplmre  grrxips  arc  zymn])liofe  groups  <-apable  of 
producing  tlie  i>licnomena  of  preei]>itiition  or  agglutination.  The 
zymophore  gn>ups  are  destructible  by  heat,  though  the  degree  of  1 
heat  is  niucli  higher  than  that  required  to  destroy  the  complements  I 
eon<rernefl  in  bacterial  destruction  and  hemolysis, 

Cytolysin. — Injections  of  eniulsitms  of  various  cells  into  animals 
have  been  iound  to  generate  destructive  substances  in  the  serum 
of  the  experimental  animals.  These  destructive  bodies  are  sjK'cific  ] 
for  the  cells  used  in  the  experiment.  Thus  spcrmatolysin.  epi- 
thcliolysin,  and  hepatulysin  are  substances  which  will  cause 
destruction  of  sjHTinatozoa,  epilhclia,  and  hcfwtic  cells  resjiec- 
tively.  The  phenomena  involved  in  such  cytolysis  are  closely  I 
allied  witli  those  of  bacteriolysis  and  hemolysis,  but  require 
further  study. 


DISEASES    DUE   TO   BACTERIA. 

The  bai'terial  diseases  form  a  large  and  increasing  group.    "In" 
some  cases  it  has  been  shown  by  the  jwsitive  ajiplication  of  Koch's 
rules  (see  page  31)  that  the  suspected  micro-organisms  are  the  i 
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actual  causes  of  the  diseases  under  consideration  ;  in  more  numer- 
ous instances  all  of  the  rules  cannot  he  applicti,  Imt  other  consid- 
erations go  far  towanl  estalilisliiufr  the  spcfific  nature  of  certain 
bacteria  ;  in  still  other  cases  the  evidence  warnmts  a  stronji;  suspi- 
cion of  the  pathogenicity  of  bacteria  found  in  eouncetion  with  cer- 
tain diseases,  but  there  is  nothing  approaching  actual  demonstration. 
Division  of  infectious  diseases  into  those  of  certain  and  those 
of  uncertain  bacteriology  must  cause  ditterenees  nf  opinion.  It  is 
a<lopted  only  for  convenience,  the  merits  of  eaeh  individual  case 
being  consideretl  in  the  discussion  of  the  iudividual  diseases. 


DISEASES  OF  CERTAIN   BACTERIOLOGY. 

SUPPURATIVE   DISEASES. 

Definition. — Fnder  this  heading  we  ineluilc  for  t lie  present 
various  forms  of  suppurative  intlaniuiation,  .such  as  furuuculosis, 
al)sce.s.s-formation,  and  allied  di.seases,  like  osteomyelitis,  endocar- 
,ditis.  etc. 

Etiology. — Numerous  organisms  have  been  found  to  have 
the  power  of  producing  suppuration.  Among  these  the  staphylo- 
c<xx:us  group  is  most  impirtant.  The  Streptococcus  pyogenes  seu 
erysipelatis  is  also  of  great  signiticanec  ;  less  frcfjueudy  the  I>ip- 
locoocus  pneumonia^,  the  Pneumohacillus  of  Friedliiiider,  tlu;  Ba- 
cillus pyix'vancus,  the  typhoid  bacillus,  the  Bacillus  eoli  eomiuunis 
or  the  Bacillus  pyogenes  fietidus,  the  gonococcus,  and  others. 
Some  cases  of  suppurative  disease  are  due  to  a  single  org:iuisni ; 
in  many  there  is  double  i>r  iiiidti|>le  infection. 

1.  The  Staphylococcus  Oroup. — Among  these  have  been  de- 
nized three  imjwrtant  forms,  the  Staphylococcus  pyogenes 
aureu.s,  albus,  and  citreus. 

The  Staphylococcus  pyogenes  auireus  is  a  minute,  rounded 
body  alK)Ut  -j^  to  1  //  iu  diameter,  having  no  motility  and  not 
forming  spores.     When  found   in  the  tissues  the  cocci  are  apt  to 

a.seociate<l  in  clusters,  whence  the  term  staphylococcus  (Fig.  80). 
metimes  they  arc  grouped  in  pains,  and  may  thus  pn>sent  a  re- 
mblance  to  gouococci.  The  op|)i)scd  surfaces,  however,  iin-  Hat 
instrad  of  concave,  a»  is  the  case  with  the  gonoco<x'i.  The 
«taphyIoc<wcus  may  be  stained  with  ordinary  anilin  solutions  atal 
is  beautifully  demonstrated  by  (ir.mi's  meth(Kl.  f'ultures  are 
easilv  obtained  upon  the  ordinary  media.  The  most  chanictcristic 
_mwth  is  that  upon  iigar.  Along  the  line  of  inoculation  a  niuist 
colony  develf)ps,  with  at  (irst  a  whitish  but  SM«»n  an  oi-ange-yelhnv 
color.  The  growth  in  gelatin  causes  rapid  liipiclaction  and  the 
precipitation  of  orange-yellow  particles.  The  growth  is  best  ob- 
iaiued  at  oven-temperatures,  but  may  be  secured  at  lower  degrees. 

Distribution, — ^The  Staphylococcus  aureus  is  frequently  found 
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upon  the  skin  or  in  the  various  external  secretions  of  healthy  in- 
divifliuiis.  It  does  not  seem  to  flourish  anywhere  apart  from  tiie 
hutlii's  of  man  nr  animals,  Imt  may  remain  in  an  active  state  in  tlie 
dtist  of  niunis  ur  u|xm  clothing  and  the  liico.  It  has  been  found 
iu  varions  lesions  of  tiie  body ;  notably,  however,  in  furuncles,  ab- 
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FlO.  SO.— Staphylococcue  pyogenes  albus  (Jskob). 

scesses,  and  carbuncles,  and  iu  ulcerative  conditions  of  the  exterior 
or  of  the  raucous  meuibrtincs.  It  Is  also  frequent  in  internal  suppu- 
rative inriammations,  such  as  malignant  endocarditis,  osteomyelitis, 
ap|«'ndii'«il  sibscesscs,  etc.  In  many  of  these  lesions  other  organ- 
isms may  Lie  associated. 

I'fifhoijfn'wihi. — When  pure  cultures  are  injected  into  animals 
abscesses  are  pnxhiced  ami  a  fatal  termination  mav  follow.  In 
the  latter  cases  ditl'nsion  through  the  blood  is  found,  and  infarcts 
of  tile  kidneys,  lungs  and  other  organs  caused  by  bacterial  emboli 
arc  discovered.  Multiple  abscesses  may  be  seen.  The  organism 
readily  loses  its  virulence,  as  in  the  case  of  those  found,  uj>on  the 
skin  of  healthy  persons,  and  in  other  accidental  situations.  When 
rubbed  in  a  virulent  state  into  the  skin  of  man  it  pi"oduces  al>- 
8ces.ses  or  boils.  | 

Staphylococcus  Pyogenes  Albus. — This  organism  is  practi- 
cally identical  witli  the  last-named  in  morphology,  but  in  culture 
protluces  a  white  instead  of  a  yellow  growth.  It  has  been  found 
as  a  frequent  liarmless  panisiteof  theskin  (Staphylocotxusepiderm- 
idis  albus  of  Welch).  It  occurs  in  abscesses  and  various  suppu- 
rative <liseases,  but  rarely  alone.  As  a  rule,  it  is  as.sociated  with 
the  gfjlden  staphylococcus  or  other  organism.s.  It  is  distinctly  less 
virulent  than  the  aureus. 

Staphyloooocus  Pyogenes  Citreus. — This  form  is  the  least 
important  of  the  three.     It  is  not  so  common  and,  as  a  nile,  less 
virulent.     It  ditfers  in  the  brilliant  lemon  color  obtained  upon , 
culture  in  various  media. 


BACTERIA  AKD  DISEASES  DUE  TO  BACTERIA. 

2.  The  Streptococcus  Pyogenes  seu  Erysipelatis. — The  Streptococ- 
cus pyogenes  was  first  studied  by  Ro-senlweli  in  eases  orsuppiiration. 
A  similar  oi^nism  was  afterwanl  descrilied  as  the  SirejitDcoeeus 
ert'sipelatis  by  Fehleisen.  It  would  seem,  however,  tJiat  these 
two  organisms  are  identical.  At  all  events,  there  are  no  tiistfn- 
guishing  features  which  we  can  [voint  i>ut.  The  streptornei-us  is  a 
small  spherical  organism  of  variable  size,  frequently  associated  in 
chains  of  from  three  to  twenty  or  more  individuals  (Fig.  HI).  It 
is  easily  stained  with  onlinary  aiiiliii  solution  or  bv  (irani's 
method.  The  cocci  are  not  motile.  Spore-foniiation  lias  not 
been  obser\-«l,  but  (xjcasionally  in  chains  one  of  the  individual 
members  is  larger  than  the  rt'st,  suggesting  arthro.sjxjres.  Upon 
artificial  me<lia  scanty  but  rather  ihanicttrisiii'  gruwths  are  ob- 
tained. On  the  gelatin  plate  there  are  formed  stuall,  tmnslu<'ent, 
wiiitish  or  yellowish  colonies  of  irregular  mitliiie.  The  gelatin  is 
not  liqtU'fied.  Upon  agar  a  very  ttiiu,  transparent  gmwth  forms 
around  the  line  of  imx-ulation.  It  consists  of  se|>anite  colonies 
which  do  not  become  eouHuent. 

The  didribiition  of  the  streptococcus  is  much  the  same  as  that 
of  the  staphylococci,  though  it  is  less  commonly  discovered  about 
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Tthy  body.  It  may,  however,  lie  found  upon  the  mu- 
coiLs  membranes  or  in  the  various  secretions  or  exeretiuns  of  the 
b<j<Iy.  It  is  probal)ly  a  strict  parasite,  nuiUijJying  only  within 
the  living  organism. 

In  disease  it  has  been  found  in  various  forms  of  suppuration, 

jch  as  phlegmonous  forms  of  intlamnuition  of  the  subcutaneous 

submucous  tissues,  cither  alone  or  in  as.sociation  witli  other 

lisms.     It  ficeurs  occasionally  in  fii<-al  suppurations,  sueli  as 

B8,  though  the.sc  are  more  commonly  due  to  staphylococci 
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alone.  The  streptococcus  occurs  at  times  in  ulcerative  endocarditis, 
and  not  nireiy  in  iiife<'tious  cudonu'tritis.  Streptoi'octtir,  inflniu- 
matious  of  the  throat  are  of  jrreat  inteirst.  Tliey  may  wcur  in 
jK-rsons  previously  in  •food  liealth,  or  in  t!ic  course  of  infectious  ^ 
(lisesiscs,  like  scarlatina,  nien>l('s.  or  iiiHiienza.  To  tlie  clinician,  ^M 
tlie  resnltini;  lesion  may  he  indistin^nisiialile  fron»  that  of  diph-  " 
theria ;  hactcriolofrie  examination  alone  serves  to  establish  the 
diagnosis.  The  .streptoeiK'cns  i.s  fonnd  in  all  cases  of  erysijielas,  ^M 
in  the  ti.ssucs,  and  in  the  serum  or  other  exudations.  ^H 

Patliogeti^ftUi. — When  cidtiires  of  .streptococci  derived  from 
suppurative  diseases  f(r  from  erysijK'las  are  injected  into  rahbit.s 
erysipelatous  iuHainniation  (uay  result.  Snheutaneotis  injections, 
however,  may  cause  no  local  or  j^enend  symptoms  in  mice  or  nib- 
bit.s.      It  would  seem  that  animals  are  nifher  resistant. 

Pathologic  Physiology. — When  injectwl  into  the  .subcu- 
taneous tissue  the  staphylococcus  produces  local  etiect-S.  The  ^ 
orgaui.sm  may  iK'come  liberated,  >raiu  entrance  to  the  circulation,  fl 
and  pniduec  widespread  results;  but  it  docs  not  .seem  to  produce 
toxins  that  cause  generaliw<l  rcsidtsS.  The  effects  of  the  staphylo- 
coccus seem  to  be  due  nither  to  a  certain  poisouitus  IxKly  con- 
tained in  the  organism  itself.  This  has  been  termed  the  bacterial 
protein,  and  it  seems  to  belong  to  the  group  of  alkaline  albumin- 
ates. This  body  by  its  cheniotactic  eflfect  causes  the  leukocytic 
accumuhitious  foiuid  in  suppurative  inflammations.  The  .same 
body,  or  perliaps  others,  appears  to  have  a  simultaneous  irritative 
and  stimulating  influence  upni  the  fixcfl  connective  tisane  of  the 
pirt,  leading  to  prolifenition.  The  staphylocfx'cus  also  leads  to  | 
li(iuefaetinn  in  the  tissui'S,  as  in  gelatin,  but  whether  directly  or  ] 
through  the  accuuiidation  of  bodies  derived  from  leukocytes  is  { 
uncertain.  The  defence  of  tiu-  organism  agjiinst  the  staphylococ- 
cus is  partly  mechanical  and  partly  vital.  The  leukocytes  prob- 
ably englobe  a  certain  num[)er  of  organisms  and  cause  their 
destruerion,  while  soluble  bactericidal  bodies,  pnibably  albumin- 
ous in  charactiT,  seem  to  be  produced  in  the  course  of  the  infec- 
tion. These  have  been  termed  alexins,  and  arc  largely  derivativea 
of  the  leukocytes. 

The  streptococcus  would  seem  to  be  more  active  in  the  produc- 
tion of  soluble  to.xins  than  the  .staphylococci.  The  toxin  has  been 
made  by  iuixudating  small  quantities  of  Iwnillon  with  virulent 
cocci,  allowing  these  to  grow  lor  .several  weeks,  and  then  destroy- 
ing the  orgiuiisms  by  neat.  The  injection  of  the  toxins  thus 
produced  leads  to  local  and  gr-nend  reaction.  An  anlistrepfocrwck 
nerum  has  also  been  protluced,  and  seems  to  possess  some  power  to 
combat  infection  witii  the  orgunisra  in  question. 

Streptococcus  intracellularis  meningritidis  (Weicksclbauiu) 
is  fonnd  in  the  meningeal  pus,  nasal  mucus,  sputum,  and  uriue ' 
of  individuals   affected  with  epidemic  cerebrospinal  meningitis.  I 
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This  micro-organism  resembles  vcrv  closely  the  Piieumococcus  or 
Stn?ptocoocii3  lauceoliitus.  It,  however,  lives  loiiirer  oti  artifieial 
metliu,  and  is  still  somewhat  vinileut  after  seventeen  to  forty-three 
(lays'  growth.  It  grows  u|»i>ii  the  ontiiiary  media,  Imt  liot  ujiou 
hloxl-agar,  as  tine,  tran>i):in'iit  enlnnics.  It  also  neeiifs  as  tetnids, 
a«  well  OS  in  chains.  W'lieii  it  ocetirs  in  ohains,  tlie  line  of  eleavage 
of  the  single  diploci>cei  is  iti  tlie  same  dinrtioii  as  the  chain  itself. 
It  ixjssessca  a  more  or  less  distinct  capsule,  and  is  ol^en  found 
within  the  pns-celis,  and  even  within  the  eell-niielei  themselves. 
It  stains  well  with  tiiethylene-hhic,  and,  while  smiirtiiiies  stained 
hy  (trim's  metfiwl,  is  more  usually  deedlnrizeil  l)y  that  stain.  In 
tlic  intracellular  fiirm  it  closely  reseiuhles  the  tuiemeoeeiis  of  gtm- 

'  orrhea.  Johne  has  isolate<l  from  a  horse  sutJering  with  epidemic 
cerebrospinal  meningitis  a  luicro-org-anisni  which  is  prolialily 
identical  with  the  orgjinism  fnund  iu  man.  This  was  found  to  he 
pithogenic  to  horses,  goats,  and  guinea-pigs.     Some  authors  claim 

^tliat  epidemic  cerebrospinal  nieuingitis  is  due  soiuetiiues  to  the 

^Ktreptocoocus  lanceolatiis  alone. 

f 


Other  Organums  of  Lesser  Importance. 


I t — 


The  Baeitlut  pyoeyaneu*  is  un  oiT«aionii\  pallioirenie  orgnnism  found  in 
pus  baring  a  l)luidh  or  ffreeriisli  color.  The  hacilluH  is  small  in  size,  fre- 
<|iiently  occurring  in  chain-formation,  iiml  is  activi-ly  iMntilu. 

UfM<n  artiticia)  niodia  it  produces  coloretl  gruwtiis  imd  a  soluble  pig- 
ment, which  gives  to  the  culture-metliuin  for  some  cHstiuice  from  the  growth 
a  greenish,  or  in  some  casea  a  dark-blue,  coloration.  The  organism  in 
pure  culture  is  highly  virulent,  producing  intense  suppurative  inflamma- 
tious.  Occasional  instances  of  general  pyocyaneua  infection  have  been 
observed. 

The  Baci/liin  /ii/o<icneii/a;tiJut  is  probably  identical  with  tlie  Hacillus  coli 
communis,  or  is  at  iea.st  a  close  relative.  These  organisms,  as  well  us  the 
typhoid  bacillus,  the  Diplococcus  pncumoniie,  the  IHiilocnccus  meningitidis, 
and  the  Pneumobacillus  of  Frieiiliinilcr,  arc  referred  to  cNewbere. 

ilieroroeciis  Tdrageuw. — This  I'orin  is  a  inicroi-occus  Iroiii  1  to  2  /i  in 
diameter,  and  receive*  its  name  from  the  peculiar  ji.s.sociation  in  groups  of 
four.  It  occurs  in  the  sputum  atid  contents  of  cavities  in  pulmonary 
phthisis,  and  occasioiuiUy  t'lsewlicrc.     It  may  give  rise  to  general  Be|>si8. 

BaciUu-f  ImcIU  A'trogeneit. — This  organism  resembles  Friedlander's  pneu- 
mobacillus quite  closely.  In  large  doses  it  occasions  suppuration  in  animal 
experiments,  while  in  man  it  has  been  found  associated  with  purulent 
cystitis,  pyelitis,  and  pyelonephritis.  In  consequence  of  its  fermentative 
p<iwer  it  may  occasion  pneuina/uria. 

Microcorciu  enturrUnlif  is  a  niiiTo-organism  found  by  Pfeiffer  in  cases  of 

nchitis  in  which  there  was  a  great  deal  of  expectoration,  and  in  which 
e  symptoms  re»emble<i  those  of  iuHuenza.  It  is  a  small  coccus,  usually 
occurring  iu  diplococcic  form,  and  resembling  the  micrococcus  of  gonorrhea. 
It  often  is  seen  within  the  pus-cells,  iinil  occurs  in  large  numbers  in  the 
sputum  and  nasal  secretion  of  individuals  suffering  from  bronchitis.  It 
dfies  not  cause  the  constitutional  disturbance  that  is  caused  by  the  bacillus 
of  influenza,  but  it  is  often  found  as  an  .issociated  infective  agent  in  cases 
of  pneumonia  due  either  to  the  Diplococcus  pneumonia!  or  to  the  bacillus 
of  influenza.     To  obtain  it  in  pure  culture  it  is  best  grown  on  blood-agar. 


224 


TEXT-BOOK  OF  PATHOLOOY. 


It  grows  as  sharply  defined,  somewhat  raised,  granular,  yellowish,  non- 
transparent  colonies  on  the  i^urface  of  agar.  It  resembles  the  Staphylo- 
coccus pyogenes  aureus,  hut  the  colonies  are  much  more  raise<l  and  harder. 
They  can  be  picked  up  on  the  end  of  the  needle,  and  are  crushed  with  ditB- 
culty.  The  neetlle  can  he  drawn  across  the  culture  without  destroying  the 
integrity  of  the  individual  colonies.  After  the  first  generation  the  micro- 
coccus grows  well  on  ordinary  agar,  but  it  must  he  transferretl  every  three 
or  four  days  to  be  kept  alive.  It  is  decolorized  by  Gram's  method.  Its 
pathogenicity  is  as  yet  undetermined.  In  its  behavior  toward  animaU  ii 
resembles  the  bacillus  of  influenza. 

aONORRHEA. 

Definition. — Gonorrhei  is  an  infectious  inflammatiou  of  the 
uretiiiiil  or  otlier  mucous  meinhninos  <iuc  to  a  specific  organism,  ^ 
the  i/iiiujcoccn.s  of  Nci.sser.  ^| 

Etiology. — Tiiere  is  no  (KiuKt  tliat  tiie  ironococcus  is  the 
specific!    ciiii.se    of  gonorrhea.     This    oryutii.'stn   is   a    nucrocooeus, 
usually  arranged  in  pairs,  the  op|)ose<l  surfaces  of  each  lieing  H 
filightfy  foneave.     This  airangenieut  has  suggested  the  designs-  ^ 
tiou  "  l)is('uit-shaped  "  diploeoctms   (Fig.  82).     Sometimes  gruujw 
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Flo.  82.— Pus  from  gon 


•  ffonococol  (J&kob). 


of  four  or  more  are  found,  while  in  otlier  ca.sos  the  cocci  occur ' 
singly.  The  organisms  are  abundant  in  tiie  pus  of  acute  gonor- 
rhea, less  abumlant  in  advanced  stages,  in  the  pus  of  gonorrijeai 
salpingitis  or  othi^r  conditions,  and  may  not  be  discoveretl  at  all. 
They  generally  oerupy  the  pu.^s-cells,  lying  in  the  protoplasm,  and 
occasioTially  within  the  ntideus.  cither  in  small  numbers  or  so 
abundantly  as  to  till  the  cell  uniformly.  In  the  tissues  the  same 
intracellular  position  is  usual,  but  here,  as  in  the  free  pus,  some 
organisms  may  generally  be  found  between  tlie  cells.  The  gono- 
coccus  stains  readily  with  ordinary  solutions  of  anilin  dyes,  but 
is  readily  decolorized  by  Gram's  method. 

Cultivation  of  the  gonococcus  is  difiBcuIt.     Growths  may,  how- 
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ever,  he  obtained  at  37'^  C.  iijMjn  media  eoii.si?tiiig  of  liutiian  LIikhI- 
serum  and  agar-agar,  upon  acid  gelatin  or  albuminous  urine.  Tlie 
growth  in  blootl-seriuii  consists  nf  small  eoloiiies  of  grayisli  color 
that  coalesce  and  form  :i  tiim  on  the  Mirfncc  of  the  medium  ;  around 
the  colony  may  geiHTally  be  seen  an  irrci;ular  and  iiieousiiieiioiis 
extension. 

The  gonococcns  cannot  be  jiositively  distinguished  by  its 
morphology  nor  l)y  the  intracellular  [losition.  Other  ortrnnisms 
may  in  certain  stages  of  their  growtli  show  a  typii'al  biscuit-forra 
(staphylococci  and  others) ;  and  the  intracellular  position  is  not 
rarely  assumed  by  a  variety  of  bacteria.  The  I'ailure  to  stain  by 
(iram's  method  and  the  failure  to  grow  on  ordinary  media  are 
strong  points  in  favor  of  the  gonococcus.  Typical  cultures  alone 
settle  the  diagnosis. 

Pathogenicity. — It  has  been  demonstrated  by  direct  implanta- 
tion of  pure  colonies  upon  the  healthy  uri'thra  that  this  organism 
will  cause  characteristic  gonorrhea.  I'rethritis  may,  however,  be 
due  to  other  organisms ;  the  specific  form  termed  gonorrhea  is 
probably  always  rlue  to  the  gomn-occus.  Secondary  lesions,  such 
as  salpingitis,  oophoritis,  arthritis,  peritonitis,  conjunctivitis,  enihv 
carditis,  etc.,  may  also  be  due  to  this  organism,  no  iitlier  form  of 
bacteria  being  present.  Sometimes,  however,  complications,  such 
as  periurethral  abscesses,  suppunitive  adenitis,  etc.,  are  due  to 
secondary'  infections. 

Pathologic  Anatomy. — The  lesions  of  gonorrhea  will  lie 
considered  elsewhere.  Suffice  it  to  say  in  this  place  that  the 
"  irganism  caii.ses  suppurative  catjirrh  of  the  mucous  surfaces  with 
which  it  comes  in  contact.  There  is  abundant  round -cell  infiltra- 
tion, and  the  organisms  tend  to  penetr.ifc  deeply  into  tissues. 

Pathologic  Physiology. — Gomtrrhea  is  in  most  cases  a 
urely  local  disease.  Little  is  known  of  its  power  to  pnaduce 
•soluble  toxins.  The  distant  lesions  are  in  all  cases,  as  far  as  we 
definitely  know,  dependent  ujion  dejwsit  of  the  specific  organism. 
These  have  been  found  in  the  effusions  of  arthritis  and  in  the 
vegetations  of  gonorrheal  endocarditis,  as  well  as  in  the  blood  in 
the  last  named  condition. 


CROUPOUS  PNEUMONIA. 

Definition. — There  are  a  number  of  forms  of  inflammation 

of  the  pulmonary-  tissues  to  whieli  the  term  pucumouia  is  apnli- 

able.     The  most  definite  form  of  <lisease  is  that  sjRiken  ol  as 

!roupou8,  fibrinous,  or  lobar  |)neumonia.     In  its  typical  form  this 

is  a  specific  and  well  chanicterized  disease.     It  is  infectious,  more 

or  less  contagious,  and  causetl  by  a  specific  organism. 

Htiology. — The  organism  most  likely  tlie  cause  of  crou|X)U9 
pneumonia  is  the  Diplococeus  pneumonkv.     This  oi^nism  is  also 

15 


22»5 


TEXT-BOOK  OF  PATHOLOGY. 


t-allod  the  piieumococeiis  ami  tlie  pucuumhaeilhis.  In  rejility  the 
lar^t  rmmt'  id  most  applii-vblo,  hut  luis  not  t'luiiul  general  favor. 
Tliu  <li|>l<n'(HM'iiri  of  pneimuiiiia  \v:is  nrufxnizcil  in  the  saliva  of 
liealtliy  [ktsiuis  Ijv  SttTirbiTj^  and  Pasti'ur,  but  its  relation  to 
rroiijioiis  pneiimnnia  was  tlenmnstrateiJ  by  Fninkol,  an<l  later  by 
Weiciiselbaiun.  The  in<lividiia]  orcpinisni  has  a  somewhat  elon- 
gated, lanceolate  shape,  ami  ban,  tiierefore,  been  eonsideretl  a  bacil- 
lii>i,  tiiougii  it  doe.s  not  always  sliow  this  baeillary  shajK-  distinctly 
(Fig.  .S3).  The  laucc-shape  anti  the  occurrence  uf  the  organism 
in  chain-formations  liave  also  given  it  the  name  Streptocotvii* . 
ItincfohUuH.  In  the  sputum  and  lungs,  and  in  the  blootl  of  inocu- 
lated animals,  it  is  commonly  found  in  pairs  ;  the  broader  end  of 
the  organisms  adjacent,  and  the  pointed  ends  projecting  outward ; 
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and  the  group  is  surrounded  by  a  transparent  capsule,  which  does 
not   take   stains   and    tiierefore   becomes  conspicuous  (Fig.  84). 

The  capsule  is  not  seen  when  the  organ- 
ism is  obtained  from  cultures.  The  dip- 
lococcus  docs  not  possess  individual  motil- 
ity an<I  has  no  flagella.  It  tloes  not  seem 
to  produce  spires. 

It  niav  be  rea<lily  demonstrated  in  the 
sputum  or  in  the  tissues  by  staining  with 
the  ordinar}-  anilin  dyes  or  by  (tram's 
method. 

Cultivation. — The  diploeoccus  grows 
readily  u]mn  ordinary  media,  excepting 
potato.  It  forms  cliaract<'ristic  colonies 
upon  agar-agar  plates  or  in  gelatin.  Ujwn 
the  surface  of  the  agar  there  appear  trausjiarent  drop-like  colonies 
hardly  visible  to  the  naked  eye,  which  under  the  microscope  have 


Tin.  84.— Piplococfiis  pncii- 
Dionlie:  n,  ooccl.  without  cnji- 
snlrs;  b.  iiinitic  iiiul  I'aircM 
cocci,  wllh  capoulcs ;  <■,  chain- 
form  :  <t,  colony  of  cik-cI  (Zleg- 
Icr). 
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a  finely  granular  appwirauco.  \j\Kin  gflatin  plates  similar  growths 
an-  producfd,  while  in  gelatin  punetnres  the  growth  occurs  along 
the  path  of  the  wire  as  gnmiilar  whitish  spots  fieparated  from  each 
other.  The  organism  tends  to  die  out  very  readily  in  cultures, 
and  also  loses  its  pathogenic  pr«i}ierty  when  propagated  for  several 
generations.     It  i.s  most  luxuriant  at"  ;i7°  C.  (9t<.«°  F.). 

Pathogenicity. — The  speeitie  eharaeter  of  this  organ  has  not 
been  definitely  proved  according  to  the  rules  of  Koch,  but  it  is 
highly  pnibable  that  it  is  the  usual  cause  of  pneumonia.  The 
diplococcuH  is  frequently  found  in  the  sxdiva  o("  healthy  jwrsons. 
M  hen  this  is  intnxluced  into  animals,  jwirticularly  rabbits,  the 
animal  dies,  with  evidences  of  rapid  sepsis.  The  post-mortem 
shows  some  fibrinous  exudate  and  occasionally  a  little  pus  at  the 
point  of  inoculation.  The  spleen  is  enlargcil,  and  cajisulated  bac- 
teria of  distinct  lanceolate  form  arc  widespread  throughout  the 
bf»dy.  Injections  of  lung-tissue  or  of  [)ncumonie  sputrun  proiluce 
similar  results,  and  the  orgjini.sni  in  iiure  culture  likewise  causes 
this  form  of  septicemia.  It  has  been  cl.iinied  that  inhalation  or 
injection  of  the  diplococci  into  the  trachea  will  produce  true  pneu- 
monia in  susceptible  animals.  This  remains  to  be  provetl  more 
definitely. 

Besides  the  diplococcus  there  are  certainly  other  elements 
which  contribute  to  the  causation  of  the  disejise,  else  the  freipient 
occurrence  of  the  micro-organism  in  (juestion  in  tlie  saliva  would 
make  pneumonia  a  much  more  common  affection.  The  nature  of 
the  contributing  causes  is,  however,  obscure.  Exposure  to  cold, 
general  depression  of  the  system,  traumatism,  alcoholism,  and  other 
causes  certainly  predispose  or  help  to  determine  the  occurrence  of 
the  disease.  The.se  causes  may  act  by  temporarily  increasing  the 
virulence  of  the  diplococcus  or  by  lowering  the  resistive  power. 

Certain  irregular  forms  of  lobar  pneumonia  may  be  c'lused  by 
streptococci,  staphylococci,  the  Bacillus  pneumonia;  of  Fried- 
lander,  the  influenza  bacillus,  that  of  typhoid  fever,  etc.;  but  true 
croupous  pneumonia  is  probably  always  due  to  the  Diplococcus 

J  pneumoniae. 
Pathologic  Anatomy. — (See  Disea.scs  of  the  Lungs.) 
Pathologic  Physiology. — The  diplococcus  prmluccs,  in  the 
first  place,  locjil  lesions  of  tlic  lungs ;  and,  in  the  second    place, 
systemic    intoxication    by    toxins   of    uncertain    character.     The 
organism  it.self,  however,  gains  access  to  the  blood  and   may  pro- 
duce secondary  lesions  in  other  org-.ins.     Infection  with  the  diplo- 
CNX'Cus  of  pneumonia  causes  a  pronounced  reaction  on  the  jxirt  of 
the  blofxl  in  the  form  of  leukocytosis.     This  is  not  invariable,  but 
is  usually  seen.    After  the  attack  of  pneumonia  there  is  tenijwrary 
immunity,  and  it  has  been  claimed  that  animals  may  be  immun- 
i2e<l  for  considerable  lengths  of  time.     This,  however,  is  uncertain, 
o  definite  antitoxic  substance  has  thus  far  been  secured. 
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The  Diplococcus  in  Other  Diseases. — The  Diploc^xK-os 
pntumonia'  tuis  heen  foiiml  in  various  conditions  complicating 
jmcunionia,  and  occasionally  without  the  existence  of  a  preN-ious 
croiipnus  pneumonia.  Amimfj  other  lesions,  meningitis,  pleurisy, 
and  other  inflammations  of  the  serous  surfaces,  abscesses,  otitis 
media,  and  arthritis  have  l)eeu  found  to  be  due  to  this  organism  ; 
or,  at  least,  this  organism  alone  has  been  found  iu  some  of  tliese 
cases. 


OTHER  FORMS  OF  PNEUMONIA. 

Amonp;  other  varieties  of  )>neumonia  may  be  mentioned  the 
catarrhal  or  l(>l)ular  form,  the  tuberculous  form,  and  various  irreg- 
ular pneumonias,  partly  cellular,  partly  fibrinous,  partly  purulent 
or  hemorrhagic.  A  number  of  diti'erunt  organisms  may  be  found 
iu  such  wises,  and  s<inie  of  these  may  be  of  ptiologic  importance 
in  certain  ciLses. 

The  Bacillas  Fneumonise  of  Friedliinder. — Thi.<«  organi.sm  ve&s 
regarded  at  one  time  as  the  cause  of  croupous  pneumonia.  It  is 
probably  in  most  cases  an  accidental  associate,  thoiigh  it  may 
occasionally  be  the  cause  of  catarrhal  or  irregular  forms  of  pneu- 
monia. It  occurs  as  a  distinct  bacillus, 
usually  in  pairs  and  surrounded  by  a  cap- 
sule like  that  of  the  diploen<TUS  (Fig.  85). 
Sometimes  it  may  form  <'haius  of  three,  four, 
or  more  org;uiisms.  It  stains  well  with  the 
anilin  dyes,  but  is  decolorized  by  Gram's 
method.  A  characteristic  culture  is  ob- 
tained in  gelatin.  The  puncture-culture  is 
characterized  by  a  luxuriant  growth  at  the 
top  and  a  considerable  vegetation  all  along  the  track.  This  leads 
to  a  nail-shaped  growtli.  The  gelatin  tines  not  lifpiefy.  Up<.>n 
agar  a  considerable  whitish  or  yellowisii  growth  occurs  upon  the 
surface.  There  is  formation  of  gas  in  media  containing  glucose, 
and  often  also  on  potato. 

In  caiarrhal  pueitmonin  this  organism  may  be  discovered,  or 
the  various  forms  of  staphyhK'oecus  or  the  Streptococcus  pyogenes ; 
more  rarely  the  influenza-bacillus,  the  Haeitlus  coli  communis,  tJie 
typhoid  bacillus,  and  others  are  discovert?d.  In  some  of  these 
cases  the  disease  may  be  the  result  of  double  infection. 

Tubercular  pneumonia,  in  which  a  uniform  pneumouic  process 
is  fouml  in  the  hings,  may  be  due  to  simjde  infection  with  the 
tubercle-bacillus,  or  to  mixed  infections. 

Other  pneumonias  may  be  of  varying  }>athologic  type,  and 
may  be  occasioned  in-  a  great  variety  of  organisms.  No  satis- 
factory classification  can  be  attempted,  as  the  limitations  of  the 
term  pneumonia  can  scarcely  be  established. 


I'll..  ft5.— Uncillu,-*  piicu- 
iiuinbr  of  Frk-iHander. 
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RHIN05CLER0MA. 

Rhinoscleroma  is  a  disease  affecting  the  skin  about  the  anterior 
nares  and  adjacent  parte,  and  probably  eaused  by  a  specific  bacil- 
lus. The  disea'^e  has  been  especially  observed  in  central  Europe. 
It  presents  ifc^If  in  the  form  of  ntxhilar  thickening  of  the  skin  of 
the  nose  and  lip,  and  sometimes  sjireads  to  the  neighboring  niti- 
oous  membranes — month,  piyirynx,  or  larynx.  In  the  latter  situa- 
tions ulceration  of  the  surface  is  frequent ;  the  lesions  of  the  skin 
rarely  ulcerate.  Histologically  the  growth  consists  of  round 
granulation-tissue  eetls.  Frecjuently  the  eells  suffer  hyaline  de- 
generation, forming  rounded  byiiline  bodies.  T\w  bacilli  may  be 
found  between  the  cells  ami  witliin  these,  especially  such  as  pre- 
sent hyaline  degencratimi.  The  niicro-orgiuiisni  resembles  the 
bucillu.s  of  Friedliimler,  but,  mdike  this,  stains  well  by  Gnini'a 
method,  and  when  cultivatetl  upon  blood-scrum  or  agar  retain.^  its 
capsule.  lu  nthcr  resix-cts  the  two  forms  are  identical.  Inoeu- 
lation-e.\pi'rimeut.s  Iiave  thus  far  failed  to  produce  the  disease  in 
animals. 

DIPHTHERIA. 

Definition. — Diphtheria  is  an  infections  and  contagious  dis- 
caused  bv  a  .spe<"ific  bacillus. 

Etiology. — The  focillus  iliphtheriie  was  discovered  by  Klcbs, 
and  more  accurately  studied  fiy  Liiffler,  and  is  therefore  called  the 
Klebs-Loffler  bacillus.     This  organism  is  a  nxl  about  the  length 
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Fig.  M.— BuelUu*  dlphihoriit;  fr'im  a  pure  cultare. 


of  the  tubercle-bacillus  and  twice  its  thickness,  with  somewhat 
I  swollen  ends.  It  is  readily  demonstrated  in  the  local  lesions  of 
the  mucous  membranes  or  skin,  where  it  may  be  quite  abundant ; 
the  individual  bacilli,  however,  are  .separate  from  one  another. 
The  organism  is  peculiar  in  its  great  irregularity  of  shape  and 
size,  particularly  in  cultures  (Fig.  86).  Branched  forms  have 
been  observed,  and  some  investigators  view  the  organism  as  a 
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stri'jitutlirix  or  (•v<'n  as  one  of  the  hyj)lioiiiy<rtos.  Frcqtif  ntly  one 
end  is  especially  large,  giving  a  club-shaped  appearance;  some  of 
the  bacilli  are  very  large ;  some  present  rounded  granules  at 
either  end,  the  so-called  polar  granules  or  F>nst  bodies.  The 
bacillus  is  readily  stained  with  aqueous  solutions  of  basic  8tains, 
esj)ecially  with  those  rendered  sliglitly  alkaline.  (Loffler's  stain 
— saturated  aqueous  solution  of  niethylene-blue,  30  cc,  in  aqueous 
solution  of  potassium  hydrate,  1  :  10,000,  100  cc. — is  the  iavorite 
stain.)  The  stained  sjieciracn  shows  the  morphology  of  the 
bacillus  very  clearly.  The  rounded  ends  generally  stain  more 
deeply  than  the  shaft  of  the  bacillus,  ,'<o  tiiat  the  appearance  some- 
what sugget*ts  a  diplococcus.  Not  rarely  transverse  fractures  give 
the  organism  the  appearance  of  di>jointed  segments.  There  are 
no  flagella,  and  the  bacillus  is  not  motile.  Spt»res  have  not  been 
demonstrated. 

CultiTation. — The  most  characteristic  cultures  are  obtained 
upon  Idood-sernm,  c:-pecia!ly  such  as  contain  a  small  amount  of 
glucose.  Uj)un  this  medium  there  is  funned  witiiiu  six,  twelve,  or 
twenty-four  hours  a  thin,  whitish  or  yellowish-white  layer  of  ir- 
regular outline,  ofti^n  showing  separate  smaller  colonies  around 
the  edge.  A  small  portion  of  the  colony  may  be  removed  and 
stainea,  and  the  diagnosis  thus  establislied  with  ease  in  a  short 
time.  Other  organisms  fotnid  in  the  throat  are  slower  in  growth, 
and  do  not  therefore  interfere  with  the  iliagnosis. 

Pathogenicity. — When  cultures  in  bouillon  are  injected  beneath 
the  skin  of  a  guinea-pig  a  fibrinous  infianiniation  with  more  or  less 
widesprearl  edema  results,  and  the  animal  dies  in  from  twenty-four 
to  tiiirty-six  hours.  Neeixitic  I'oei  in  tlie  liver  and  other  organs 
are  foiuul  |iost-mortem  ;  the  neigiiboririg  lympliatie  glands  are 
enlarge<l.  If  the  animal  surviv<',  jwralysis  may  make  its  appear- 
ance, as  in  human  beings  recovering  front  the  disease. 

Non-pathoKenic  diphtheria  bacilli  are  lound  in  the  pharynx  of 
healthy  individuals  in  some  cases,  as  well  as  tijKin  the  hands,  hair, 
or  other  ])arts  of  the  body.  They  are  also  found  in  various  forms 
of  rhinitis,  conjunctivitis,  and  non-dijihtlieritic  angina.  These 
may  ditier  from  tlie  virulent  bacilli  in  being  somewhat  shorter 
and  in  growing  more  luxuriantly.  Their  distinctive  character, 
however,  is  their  harmlessncss  when  injected  into  animals.  The 
term  pneudodip/dheria  bacillus  is  unfortunate,  as  it  is  prob- 
ably the  same  organism,  but  one  having  lost  its  virulence  by 
growth  in  an  unfavorable  situation.  Moreover,  the  name  pseudo- 
diphtheria  bacterium  was  formerly  applied  to  various  organisms 
having  nothing  whatever  in  common  with  the  Klebs-Liiffler 
bacillus. 

Neisaer  licui  devised  a  Mainiiig  method  that  baa  some  usefulness  in 
distinguish  lag  diphtheria  bacilli  from  the  pseudodiphtheria  or  xerosis 
bacilli: 
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(1)  Methylene-blue, 
96  per  cent,  alcohol, 
Ac.  acet.  glac, 
Water, 


20  cc. 
60  cc. 

950  cc. 


(2)  Vesuvin,  2  g. 

Water,  boiling,  filter,  1000  cc. 

Cover-glass  preparations  are  stained  for  from  one  to  three  seconds  in 
solution  1,  washed,  and  treated  with  solution  2  for  from  three  to  five  seconds 
and  washed. 

Cultures  must  be  made  on  Lofiler's  blood-serum  for  at  least  nine  hours, 
and  not  longer  than  twenty  to  twenty-four  hours,  at  b  tt'inperaturt'  of  34°- 
35°  C.  (not  over3tJ°  C).  Tliis  procedure,  according  to  Nei-^sspr,  brings  out  the 
Ernst  granules  in  the  true  diplitheria  baeilhis,  wliilc  the  psfuilu  variety 
remain  negative.  Frankel  holds  that  miemhes  that  do  not  give  the 
granuli-s  with  this  method  are  of  the  pseudo  variety. 

Liifflcr  and  others  hold  that  while  this  reaction  is  a  useful  addition  to  the 
differential  diagnosis,  it  must  not  be  rflied  upon  abi^oUitcly. 

According  to  Neisser,  a  further  aid  in  diHt-rentiation  is  obtained  by 
making  impression  preparations  from  si.x-hnur  old  .'<eriiiii -cultures.  In  these, 
true  diphtheria  bacilli  will  be  found  lying  side  by  side  nr  crossing  each 
other,  while  the  pseudodiphthfriii  bacilli  atul  xcrosi.s  bacilli  adhere  so 
closely  to  the  culture-medium  that  they  are  not  removed  with  the  cover- 
glass. 

Klcbs-Loffler  bafilli  niny  l)0  fmind  in  tlie  pharynx  of  a  person 
showing  no  iiidicatiun  of"  tlispase.  This  means  that  tlie  orfjanisni 
has  not  found  a  favorable  soil  for  its  iU'vi'lopinoiit  or  no  abrasion 
or  opening  into  tissues  that  will  su]iport  its  {rrowtli,  Tlie  Inifil- 
lus  may,  liowever,  thrive  ami  niultijily  for  a  ('(insiilerabif  time 
iijioii  tlie  mucous  nienibraiie  of  siii'ii  a  tliroal,  as  it  may  upon  fund, 
clothing,  or  other  infected  materials. 

Pretlispoitiiif/  C'auseg. — .Some  predispos^itioii  is  neeessart-  i'or  tlit 
development  of  the  disea.se.  In  part  this  is  personal,  some  indi- 
viduals being  highly  susceptible,  others  scarcely  at  all.  In  j>art, 
accidental  conditions,  such  as  pharyngitis,  laryngiti.s,  abrasions, 
etc.,  furnish  a  favorable  opportunity   for  the  infection. 

The  diphtheria  <ij  fiirtlx,  calves,  and  certain  other  animals  is 
di.stinct  from  the  human  disease  ;  and  the  organisms  are  in  no 
way  relatetl.  Human  diphtheria  may  occur  in  cats,  and  these 
animals  may  jiropagiite  epidemics. 

Distribution  of  the  Bacilli. — The  organisms  are  alnnidant  in  the 
pseiiduniembnuu'.-  of  diphtheria,  but  are  only  exceptionally  found 
in  the  blood  or  intenial  organs.  The  visceral  or  nerve-lesions  arc 
ue  to  the  toxins,  and  not  In  the  bacillu.s.  Tlie  same  is  true  of 
periracntal  diphtheria.  The  internal  lesions  may  be  produced 
"hy  injection  of  the  toxin  r»l»tained  by  filtering  a  bouillon-culture 
through  a  1'a.stcur  filter. 

Pathologic  Anatomy. — Itiplitberia  is  primarily  a  local  dis- 
ease of  the  pliarynx  (pliaryngcai),  of  tlie  larynx  (laryngtal),  of 
the  nose  (nasal),  or  of  the  skin  (dermal).  The  bacillus  lodges  iu 
ithe  mucous  membrane  or  skin,  and  prixluces  a  p.scudomembnme. 
I  his  consists  of  fibrinous  exudation  in  the  form  of  fine  granular 
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mntorial  or  a  fiiirillar  network,  in  which  are  embeddctl  the  epi- 
thuliiil  foils  aiicl  other  tis!<iie-t*lenienti»  and  infi Uniting  lenkticytes. 
The  I'pitliflial  4'ells  ra])idly  undergo  eoagulation-necrosis  or  granu- 
lar degenemtidii,  as  ihi  also  the  eonneetive  tissues  when  the  pro- 
cess extends  lieiieath  the  nmeus:i.  The  blood-vessi'ls  be<!()rae 
obstructed  by  tlirouibosis  or  compression,  an<l  the  tissue  is  there- 
fore avaseular.  Nearly  always  the  pseudoinembrane  thus  formed 
is  att;iehe<l  to  the  underlying  tissues,  and  when  removed  a  raw 
and  bleeding  surface  is  exposed.  The  depth  of  involvement, 
however,  varies;  sunietimcs  the  sidnnucosa  is  soon  involved; 
more  often  the  disease  is  pnieticr.lly  cotitined  to  the  nmc<jsji. 

The  macroseopiir  appearance  is  that  nf  a  whitisli,  dirty-yellow- 
ish, or  brownish  nietnl)rane  n)K)n  the  mucous  lining  of  the  throat. 
This  begins  as  ime  or  several  patches  upon  the  tonsil,  and  spreads 
nipiilly  to  the  neigldmring  parts.  In  other  situations  the  npj)ear- 
aiicc  is  much  the  same.  InHammatory  swelling  beneath  and 
uriiinid  the  disensi'd  area  is  habitual.  It  is  of  great  clinical  im- 
portauce  to  rceogiiize  that  true  diphtheria  may  occur  in  the  form 
of  typical   follicular  tonsillitis. 

Internal  or  Tisceral  lesions  may  occur  in  the  course  of  diph- 
theria or  during  convalescence.  Tltey  arc  due  to  the  action  of  the 
toxin,  and  not  of  the  bacillus.  Necrotic  foci  in  the  liver,  showing 
advanced  cellular  degeneration  of  the  cells  with  hypcrchromatosis 
of  the  nuclei,  and  similar  lesions  of  other  organs,  may  be  seen  in 
the  human  bwly,  a.s  in  animals  killed  with  the  organisni  or  it« 
toxin.  My(K'anlitis  and  myo«'ardial  degeneration,  renal  degenera- 
tion and  nc|)hritis,  and,  most  interesting  of  all,  degeneration  of  the 
|K'ri|>heral  nerves  anti  neuritis,  may  be  met  with.  All  of  these 
will  be  rleseribed   elsewhere. 

Pathologic  Physiology. — As  has  been  said,  the  disease  is 
primarily  lo<:al,  and  the  bacilli  nearly  always  remain  hx-alizcd  in 
the  superficial  lesions.  The  general  iiianifestation.s — fever,  pros- 
tration, and  tlie  visceral  lesions — are  <'ausi'd  by  )Miisono(is  sub- 
stances elaborated  by  the  growth  of  the  bacilli.  There  are  jiroli- 
alily  .severiil  substances  of  this  sort,  but  one  in  particular — the 
lo.riii — is  most  important.  This  may  be  obtained  by  filtering 
liouillon-cultures  through  [xtrcelaiu,  and  by  its  injection  the  con- 
stitutional and  some  of  the  local  manifest.-itions  of  the  disease  may 
be  induced  in  animals.  Successive  intriMluction  of  increa.sing 
doses  of  toxin  cau.si»  the  development  of  antitoxic  substances  that 
may  finally  accumulate  in  the  blrHid  to  such  »'Xtent  that  the  ani- 
■  mat  liccomes  immune  to  the  most  virulent  bacilli.  The  iDitiloric 
substance  or  substances,  or  aiUiloxin,  foimd  in  the  blcKKJ  and  the 
bl(KKl-serum  of  immunized  aninmls,  will  render  other  animals  im- 
mune for  a  time,  or  combat  and  overcome  the  di.scase  if  alreadv 
existing.  Sitiudtancous  injection  of  antitoxin  and  of  many  times 
the  ordiiuirily  fatal  dose  of  toxin  or  diphtheria-cultures  leaves  an 
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animal  uuharraed.  Later,  when  the  iruraiiuity  has  paBsetl  off,  a 
small  dose  of  toxin  or  culture  without  the  antitoxin  will  kill  the 
same  animal.  The  value  of  the  antitoxin  in  animal  experimenta- 
tion is  beyond  doubt.  In  the  human  being  there  is  scareely  any 
doubt  of  it«  potency,  though,  of  course,  crucial  experimentii  cannot 
be  made. 

After  an  attack  of  diphtheria  there  is  tem]X)rarv  immunity, 
but  this  passjcs  off  and  successive  attacks  may  thus  occur  in  the 
same  person. 

TYPHOID  FEVER. 

Definition. — Typhoid  fever  is  an  infectious  disease,  with 
characteristic  lesions  of  the  intestines,  and  due  to  a  s|)ccifTe 
bacillus.  It  is  important  to  recjill  the  iiiet  that  local  fir  general 
tiljihnld  in/edion  may  occur  without  tlie  intestinal  lesions  or  usual 
clinical  features  of  tifphoiil  frrei:  In  sucJi  cases  ]o<'a]  intlaninialury 
lesions,  suppurations  or  necroses,  or  septicemia  have  been  observed. 

Ktiology. — Certain  predisposing  features  make  individuals 
more  liable  at  one  time  than  another  to  tJiis  disesise.  It  occurs  in 
adolescence  and  the  young,  tlioiigli  rarely  also  in  the  oltl.  Cli- 
matic conditions  are  sujiposed  to  play  some  part,  and  doulitless  do 
have  an  influence.  Typhoid  lever  is  especially  a  disease  of  the 
temperate  zones,  and  is  most  abundant  in  the  autumn.  Drainage 
and  other  conditions  affecting  the  surroundings  of  [>ersons  may 
influence  the  predispositicm.  One  attack  usually  confere  imnumity 
for  the  rest  of  life  ;  exceptions,  however,  are  met  with. 

Thf  Bacillnn. — The  IUh-UIiih  ttiphi  tihil-imiinrli/i,  the  specific 
organism,  was  discovereil  by  Eiwrtli  and  isolated  by  fiaffky.  It 
is  a  short  bacillus,  fmm  1  to  4  ft  in  length  and  (J. 5  to  0.8  ft  in 
thickness.  The  ends  are  rounde<l  and  often  somewhat  )ibmip.  In 
culture  these  rods  or  bacilli  oceasionally  form  long  chains,  but  in 
the  tissues  they  art;  never  so  arranged.  The  organism  is  actively 
motile,  this  i)eing  <lue  to  flagelta,  of  which  there  are  eighteen  or 
twenty  attached  to  the  periphery'  (Fig.  Hi).  When  stained  with 
alkaline  methylene-blue  or  other  stains  there  are  sometimes  seen 
dark-colored  spots  at  the  ends  of  the  organism.  These  wore 
formerly  regarded  as  sjwres,  but  are  now  rwogniKcd  as  areas  of 
Condensation.  Under  certain  eircimistances  tlie  conileusation  is 
Been  in  the  center  and  vaeuole-like  formations  are  found  at  the 
ends.  The  organism  is  readily  stained,  but  decolorizes  very 
««8ily,  and  is  theretiire  difficult  to  denmustnite  in  tissue,  Pro- 
longe«l  .staining,  however,  and  rapid  decolorization  sometimes  give 
beautiful  results.  The  bacilli  are,  as  a  rule,  found  in  clusters. 
These  groups  may,  however,  be  few  in  number,  and  thus  ditlicult 
to  detect  in  the  organs. 

Onltivation. — .\rtiticial  cultures  of  the  bacillus  have  Ijeen  ob- 
tained from  the  spleen  and  other  organ.s,  as  well  as  directly  from  the 
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stools  ami  urine  of  patieiit«  siiffiTing  fri>m  the  disease.  They  grow 
ven'  well  iifinn  tlic  nrJinarv  culture-media,  such  as  agar-agar,  gel- 
atin, ami  potati),  the  temperature  of  the  body  being  most  favorable, 
but  some  growth  occurring  at  the  ordinary  temperature  of  the 
room.  Upon  gelatin  and  agar  there  are  formed  irregularly  whitish 
films,  which  on  close  inspection  with  the  lens  show  a  granular 
appearance.  This  growth,  however,  is  not  distinctive.  Upon  acid 
potato  a  characteristic  transparent  pellicle  is  formed.  This  mav 
be  invisible  except  to  tlie  trained  eye,  but  on  scraping  the  surface 
with  a  platinum  wire  t!ie  pellich'  can  be  raised,  and  on  micro- 
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FlO.  87.— Baelllusi  typhi  iib<1omlnnn«,  ft'om  nn  n^r-a^r  culture  six  hnursnld.thoniiigthr 
BagcUa  Btiiined  by  LolHcr'a  melhiid  :  X  1000  (Franke!  and  Pfeiffer). 


scopic  examination  it  is  fo\uid  to  be  composed  of  bacilli.  Some- 
times the  pellicle  is  yellowish  or  brownish.  When  cultivated  in 
rnili<  there  is  slight  acidity,  but  coagulation  does  not  occur.  AVhen 
grown  in  agiir  containing  a  little  glucose  practically  no  fermenta- 
tive gas  results.  Anotlier  feature  of  imjiortance  is  the  absence  of 
indol-reaction,  the  addition  of  potassium  nitrite  and  sulphuric  acid 
to  bouillon-cultures  causing  no  rose  color,  such  as  occurs  with 
.some  other  orgtini.-sms. 

Pathogenicity. — Animal-experimentation  has  thus  far  been  nn- 
satisiactory.  A  few  observers  have  succeeded  in  ]»roducing  intes- 
tinal lesions  and  illness  by  feeding  animals  with  typhoid  cultures, 
particularly  after  the  stonuich  and  intestines  have  been  rendered 
alkaline  with  sotla  and  peristalsis  has  been  checked  with  opium. 
In  most  cases  injection  of  the  typhoid  bacillus  has  pnxluced  sep- 
ticemic manifestations.  The  constant  occurrence  of  the  germ,  its 
absence  from  other  conditions,  and  the  absence  of  any  other  germ 
as  a  constant  accompaniment  of  typhoid  fever,  have  led  to  the 
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general  acceptation  of  this  as  tlie  sp.'C'ific  cause.  Moreover,  its 
properties  are  such  that  the  spread  of  the  disease  in  the  aeknowl- 
etlgetl  ways  is  entirely  riuiiiKitible  witli  the  acceptance  of  tlie 
bacillus  as  the  specific  cause. 

The  diagnostic  features  of  the  bacillus  are  plainly  distinotivc, 
except  that  the  Bacillus  coli  communis  has  a  puzzling  resemblance. 
The  latter,  however,  grows  upon  acid  jintatn  a>  a  yellowish  or 
brownish  film,  coagulates  milk  promptly  and  ctuises  decided  acid 
reaction,  and  is  an  active  gas-priHlucing  nrganism  when  grown  in 
glucose-agar.  The  seruni-rcactiun  of  \\'rd:d  is  a  ri-i'cnt  and  im- 
portant distinguishing  mark.  The  serum  fnjui  typhoid  patients 
must  not,  however,  be  relied  U]>on  absolutely,  as  it  may  lontain 
substances  produced  by  the  Bacillus  coli  as  well  as  those  prtKhiced 
by  the  typhoid  germ  (see  W'idal  rfaotion). 

Distribntion. — The  typlKiid  bacillus  occurs  both  within  and 
without  the  human  bo<ly,  and  doubtless  multiplies  greatly  in  the 
external  world  when  the  conditions  are  favorable.  It  occurs  in 
the  lesions  of  the  intestines  and  in  the  intestinal  contents,  espec- 
ially during  the  second  and  third  weeks  of  the  disease.  It  is 
usually  less  abundant,  but  often  present  in  the  spleen,  liver,  and 
kidneys ;  it  may  occur  in  considendde  abundance  in  these  orgims 
when  there  are  local  complications.  It  also  occurs  in  the  lungs, 
in  the  parotid  gland,  and  in  other  organs,  and  jwst-typhoidal  ab- 
scesses may  contain  the  organism  in  abundance.  Complicating 
lesions  of  other  organs  may  be  dejiendent  solely  upon  the  specific 
bacillus,  this  being  capable  even  of  acting  as  a  pyogenic  organism, 
or  tJiey  may  be  depi'ndent  ujx)n  secondari'  or  mixed  infections. 
The  Ijacillus  is  not  found  in  the  1)1o(k1  in  abundance,  but  has  been 
demon-strated  in  the  bloo<l  derived  from  the  macular  sjMits  in  the 
skin. 

The  typhoid  bacillus  is  ]K-culiarly  resistant,  and  may  thrive 
upon  clothing,  in  soil,  and  in  water  for  a  long  time.  CoUl  has  no 
effect,  the  germ  being  virulent  after  freezing  and  thawing  sevend 
times.  Carbolic  acid  in  strengths  that  prove  destructive  to  most 
irgnnisnis  has  little  effect  on  this  germ.  These  features  explain 
he  spread  of  the  disease  and  its  general  jjrcvalf.'nce.  The  organ- 
isms are  discharged  from  the  body  of  a  patient  suffering  from  the 
disease  mainly  in  the  stools,  but  in  part  als(»  in  the  urine,  sweat, 

I  and  other  excreta.  If  they  are  not  at  <ince  destroyed,  contami- 
bation  of  clothing,  soil,  water,  etc.  may  occur,  and  subsequent 
Infection  of  su.sceptilde  individuals  takes  place  through  drinking- 
^ater  or  food  with  which  the  infected  water  or  other  matters  have 
come  in  contact.  It  is  possible  that  infectioTi  may  (weasionally 
take  place  through  the  lungs  by  inhalation  of  dust.  Tiiis  must  be 
verv  rare.  Intra-uterine  infection  nndoubtedly  occurs  in  .«4nne 
instances  in  which  the  mother  is  suffering  from  typhoid  fever. 
Fatliolog^ic  Anatotny. — The  lesions  of  typlioid  fever  aro 
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considered  with  tlie  diseases  of  the  intestines.  It  is  imj)ortant, 
however,  to  add  in  tliis  place  tliat  widespread  chanpes  may  o<-"cur 
in  this  disease  as  a  result  of  tlie  aetion  of  the  haeiUiis,  bnt  especially 
of  toxins.  Thus  tlierc  may  be  fueal  neeroses  in  the  spleen  and 
liver,  tiegenerutive  chaiitjes  in  the  kitlneys  and  miiseles,  and  inflam- 
matory ehanges  ill  various  glandular  org-ans,  the  periosteum,  the  i 
bones,  or  the  connective  tissues,  the  result  of  the  direct  action  off 
the  haciilus. 

Pathologic  Physiology. — The  typhoid  bacillus  pnxJuces 
by  its  Ineal  action  toxic  substances  which  give  rise  to  fever  and 
other  general  syiiiptonis  as  well  as  to  secondary  lesions.  Briegvr 
and  Fi"iinkel  claim  to  have  separateil  a  specific  toxalbuniin. 
Whether  this  be  the  poison  or  not.  there  is  no  doubt  that  some 
form  of  toxin  is  present.  During  the  existence  of  the  disease  the 
system  reacts  in  .some  way  as  yet  unknown  to  cheek  its  pnjgresal 
and  to  bring  it  to  a  terntinatioii  at  the  end  of  four  weeks,  and 
permanent  immunity  is  usually  conferred.  Whether  or  not  there 
are  distinct  antitoxic  substjinees  remains  to  be  determined.  I'ro- 
tective  vaccination  has  been  practised,  but  thus  far  no  definitely 
opiiiiim  as  to  its  value  can  be  formed.  ^M 

Agglutination ;  Gruber-Durham  Phenomenon ;  Widal  Reac-^^ 
tion. — This  reaction  is  due  to  ttie  pn.'seni'c,  in  the  serum  of  ino<ni-      , 
lateil  animals  or  in  that  of  man,  nf  a  suijsijmci'  capable  of  c^iusiu^^f 
massing  together  and  li>ss  of  motility  of  the  s|K'cifK'  micro-organisnia^B 
con<'erued   in  the  infection  from  which    the  animal  or  man   fur- 
nishing the  serum  is  suffering.     Tiiis  phenomenon  may  Vie  studied 
macrosci>pically  or  mieniscopically.     XIacnvseopically,  we  s|ieak  of 
a  |M>sitivc  reaction  when  a  distinct   sediment  is  ficen  in  the  glasS^H 
containing  the  eidturc  in  a  licpii<l   medium,  while  the  rest  of  the^^ 
fluid   remains  clear,  wh<?reas    before  the   jihenomenon   lias   taken 
place  the  whole  Huid  h.^s  had  a  diffuse  cloudiness.     Microscopi- 
cally, we  s])cak  of  a  positive  reaction  when  there  occur  a  clumping 
and  loss  of  motility  of  the  bacteria,  and,  at  the  same  time,  the 
control   remains  free  from   all    massing  together.     Agglutination      . 
has   been   studied    in    reference   t^*   th<,'   hairilli   of   typlmid   fever^'^fl 
jilague,  cholera,  diphtheria,  the  colon  bacillus,  proteus.  and  pyocy-^B 
aneus.     In  onler  to  obtain  agglutination  of  the  diphtheria  bacillus 
it  is  necessary  to  immunize  an  animal   highly  with  the  bacteria ^J 
themselves.     The  agglutiuatiou-reaction  is  considered  specific,  ex->^| 
ccptiug  in   reference  to  coli  and  proteus.      With  these  two  bacilli" 
it  is  necessary  to  use  the  ssime  stniin  of  bacteria  with  which  the 
animal  has  been  immunized.     Agglutination  has  also  been  studied 


with  tubercle  bsK'illi,  but  in  this  case  it  is  necessary'  to  destroy  all 
the  natural  clumping  of 
celain  balls  and  then  filtcruig. 

In   studying  jigglutination  with  s[ 
reaction,  the  best  results  are  obtained  when  one  always 


•    ...     '1^ 
the  natural  clumping  ot  the  bacilli  by  means  of  shaking  with  por-^f 

reference  to  the  Widal 
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nite  quantity  <»f  tlie  eulturf  witli  a  ilffiiiitc  qimntily  of  the  svnim. 
For  tliis  piir|)ose  a  iifi'tlK.'  is  iisvd,  ami  ii  uniform  <|iiaiitily  of  Ijiic- 
U-ria  is  niatlc  intt>  an  eniiilsinii  witli  a  deliniti'  quantity  of  iHiiiillun. 
The  virulence  and  the  age  of  tiie  bacti'ria]  stniiii  liavc  no  inijior- 
tance.  In  referenee  to  typhniil  iMcilli  it  is  true  tliat  a  twenty- 
four-hour  culture  is  tlie  hest,  since  in  oliler  cultures  pseudoagfjhiti- 
nation  shows  itself  nmre  readily.  Widal  and  Fiwrster  foinid 
no  difference  in  the  agfj:lntiiuitin<i  prii|n'rties  t:'^  ty|)hoid  liacilli 
which  had  been  formalized  five  months  |>reviously  from  the  iipplii- 
tinatiun  seen  in  fresh  cultures.  The  time  that  it  takes  for  a<rj;lu- 
tination  to  occur  is  dependent  upon  the  activity  of  the  sernin  and 
ujHjn  the  tenijMjratnre.  At  what  day  after  the  last  injection  in 
tlie  immunization  of  an  animal  tin-  iifrjjlntination  will  appear,  or 
at  what  day  af"ter  the  l)ei,nuniiig  of  the  disease  in  man  a^plntinin 
will  first  show  its«:'lf,  eaimot  he  determined  definitely.  It  is  seen 
in  highly  immunized  animals  that  ajxglutinin  a]i}H'ars  ei;rht  ilays 
alter  the  last  injection.  In  men  who  are  ill  with  typhoid  fever 
the  substance  has  been  demonstrated  from  the  thinl  day  after  ibe 
first  appearance  of  the  disease,  bnt  is  often  detayetl  nnieb  lonirer. 
Agjjlutinin  remains  in  the  blood  for  varying  periods.  In  ebildnn 
reciivering  fri>ra  typhoid  fever  the  averafie  time  has  bt'en  about  two 
months  after  the  convalescence  ;  in  adidts  the  average  length  of  time 
is  half  a  year.  In  thediflerenfiatiun  between  the  typhoid  and  eoli 
bacilli  by  agglutination  a  verv-  active  serum  is  necessary.  I>y  im- 
niiinizing  an  animal  with  typhoid  bacilli  we  can  obtain  a  serum 
•which  will  agglutinate  both  the  tyjiboid  bacilli  and  the  colon  liaeilli, 
Vint  this  occurs  in  different  dilutions.  With  the  tv])lioid  Ijucilli  the 
dilution  may  be  as  high  as  1  :  40,0<J0  or  I  :  10(j,t)()0,  while  with 
the  eoli  the  highest  effective  dilutions  will  probably  be  1  :  2000. 
Concerning  the  nature  of  agglutinin,  w<-  note  that  it  pr^)bably  has 
a  relation  with  globulin.  It  can  be  pn-cijiitated  bv  magnesium 
sulphate.  It  is  ilcstroyed  by  heating  to  70°  ( ".  (158°  F.).  The 
reaction  is  regardwl  by  some  German  authors  as  being  analogous 
the  phenomenon  of  ei^mgnlation,  since  the  presence  of  salts  is 

iccessary. 
This  reaction  was  found  in  228.3  cases  of  typhoid  fever  reported 
\iv  various  writers,  and  was  absent  in  109  cases  of  tyjilioid  fever. 
It  was  absent  in  1365  non-ty[>boid  cases,  and   |)n'sent  in  22  nou- 
phoid  patients.     It  was  therefore  found  in  !>5.5  ]»er  cent.  <if  the 

rphoid  cases,  and  was  absent  in  98.4  per  cent,  of  the  non-typhoid 
SC8 ;  or,  taking  the  entire  .3779  cases,  the    correct  resnlt  for 

iagnosis  was  arrived  at  in  9(5.5  per  cent.     The  reaction  some- 

mes  persists  for  some  years  after  the  attack  of  ty]iboid   fever. 
inietinies  it  occurs  in  cases  in  which  there  is  ty|)luiid   inflection 

rithoul  typhoid  fever  in  the  onliuarv  sense.  These  fads  may 
explain  some  of  the  jwsitive  results  obtaine<l  in  non-typhoid  cases. 
"^he  senini  must  be  diluted  with  nineteen  j»arts  or  more  of  water. 
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Reactions  with  stronger  serum  or  partial  reactions  may  he  de 

tivf.     (See  also  Iminiiniti/.) 

Paracolon  Infection;  Paratjn^hoid  Infection. — Gwyn,  Sohotl- 
miilliT,  Kiirtli,  CiirtJiing,  and  otiiers  have  repirtal  cases  reseml)ling 
tvplioiil  fever  elinieally,  hut  in  whieh  the  Wiilal  n»action  was  per- 
sistently absent  utii]  in  wiiich  bacilli  elosely  resembling  the  typhoid 
or  eoloii   haeilii,    tliongli  <lit!'eriiig  in   some   essential    particulars, 
were  isolated  iVorn   the  hliMnl  and  tissues.     Tlie  bacilli  ditler  Irora  • 
the  haeillus  of  ty|>hoid  ijy  tlieir  ability  to  produce  gas  in  ghicow-  ' 
containing  media,  and  to  jinnhiee  alkali  in  nutrient  media.     They 
dirter  from  the  Jlaeilhis  eoli  eoinnuniis  by  not  coagulating  milk, 
not  fi'micnting  lactose,  anil  hy  failing  to  litrm  indol.     They  are*  | 
<dosLly  allied  to  the   Haeillus  fieealis  alkaligenes  of  Potrubchki, J 
and  have  been  grouped  hy  Widal  along  with  Haeillus  psittacosis  I 
of  Xocard  and   the  haeillus  nf  ealf  s<'pticeniia  under  the  hea<liiif 
of  "  Paraeolon  group."     Tliis  group  is  very  elosely  allied  with  the  , 
Bacillus  onteritidis  of  (laertner  (meat-poisoning  bacillus),  Bacillus  I 
icteroides  of  Sanarelli,  and  Shiga's  and  Flexner's  bacillus  of  dys-j 
eutery. 

The  organistu  is  a  ilistinet  bacillus  or  group  of  baeilli,  because 
it  is  ngglutinated  only  hy  sera  of  patients  t'roin  whom  this  form 
of  bacillus  has  been  isolated.  The  agglutination  takes  plac»>  iu 
dilution  as  high  as  1  : 2(X1.  It  seems  not  improbable  that  .several 
forms  exist,  as  there  arc  cultunil  distinctituis  ami  the  sera  of  some] 
eases  fail  to  Jigglutiuate  the  baeilli  fnnu  other  eases,  and  rire  vrnoK 
Such  si'Hi  iiave  no  agglutinative  [Hiwer  on  typhoid  baeilli  nor  on' 
any  of  tlu'  other  elosely  allied  iniero-orgauisms.  Schottmrdler 
prct'ers  to  chissi fy  this  group  as  the  "paratyphoid  group"  because 
it  pnxluees  a  clinical  picture  similar  to  that  prmlueed  by  the 
typhoi<l  bacillus.  Meltzer  suggests  the  term  "  ])anityphoid  "  for 
the  disease.  In  a  fatal  ease  re|K)rted  bv  Ivonge()|)e  the  intestinal 
lesions  of  typhoid  fever  were  absent,  the  mesenteric  gland-  were 
nuaflf'ectml,  though  the  spleen  was  enlargetl.  The  finer  histologic 
features  of  typhoid  infection  were  wanting. 


BACILLUS  COLI   COMMUNIS. 

Synonyms. — Bacterium  coli  commune.     A  number  of  organ- 
isms  described    under   different    names   are    jmibahly    identical. 
Among  these  are  Bacillus  Neapolitanus  of  Emmerie'h ;  Bacillus 
pyogenes  ftetidus  of  Passet.     Several  other  organisms  are  eitheri 
closely  allied  or  identical. 

Morphology. — The  Bacillus  coli  communis  is  an  organism  i 
almost  exactly  like  the  typhoid  bacillus  in  ajipearance.    It  is  rod- 
shaped,  but  sometimes  elongated  and  filamentous,  at  other  times 
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young  forms)  short  and  ratlitT  roiiinKHl — coocus-like.  It  is 
y  motile,  and  has  flagelhi  attached  to  the  pcripliorv  of  the 
buoillns.  The  flagclla  an."  less  nunuTous  than  are  tjioseof  EljtTlh's 
bacillus  (three  to  ten),  and  the  motility  of  tlie  organism  is  less  uni- 
form and  aetive.  It  may  be  stained  by  ordinary  .«ohitions  of  aniJin 
<lyes,  particularly  with  alkaline  or  earbolizcd  solutions.  It  is  dc- 
colorize<l  by  Gram's  staining-nicthwl.  Tlie  stained  bacillus  shows 
light-colored  or  unstaincil  portions  like  those  of  the  typhoid  bacil- 
lus.    True  spores  have  not  been  dcteeted. 

I  CtUtivation. — Tlie  or^pnism  grows  luxuriantly  njMin  ordinary 
media.  The  most  distinctive  growth  is  obtained  upon  acid  ])otato. 
An  elevated  brownish  colony  is  produced,  which  is  nstialiy  easily 
distinguishe<l  from  the  typfioid  cuiturt'  iii  ttie  snnc  medium. 
AVhen  cultivated  in  gelatin  or  agar  containing  glucose  active  gas- 
prothietion  results.  In  liqnid  media  (bouillon)  a  pecidiar  odor  is 
ueveloj)ed.  Addition  of  nitrites  and  pure  liytlroehhiric  or  sulpliurie 
acid  causes  a  rose-red  color — indol-reaction. 

Distribtition  and  Pathogenicity. — The  eoli  bacillus  is  a 
normal  inhabitant  of  the  giistru-intestinai  tnict.  In  certain  in- 
flammatory diseases  of  the  intestines,  however,  it  seems  to  increase 
in  numbers  and  doubtless  also  in  virulence.     The  organism  may 

found  outside  the  body  in  various  situations,  particularly  in 
water. 

The  bacillus  coli  is  capable  of  prcHlucing  inflamniatorii'  condi- 
tions in  different  situations.  Injected  into  the  peritoneal  cavity 
of  animals  it  gives  rise  to  acute  tibrinopnrulciit  jieritonitis,  and  in 
other  parts  of  the  body  has  analogous  effects. 

It  has  been  found  in  various  diseases  of  the  gnstio-intestinal 
ct,  of  the  biliary  passjiges,  of  the  urinar\'  system,  and  of  other 
parts,  and  is  doubtless  the  direct  e;nisiv  of  some  of  these,  as  the 
conditions  j)resent  are  practically  tlu'  same  as  those  ])rodiiccd  l)y 
experimental  inoculation  of  pure  cidtiires. 

Among  the  gastro-intestinal  troubles  it  fias  been  found  in  sus- 
picious alnmdance  in  various  forms  of  enteritis,  in  the  distended 
anti  suppurating  appentli.x,  and  even  in  Asiatic  cholrni.  It  is 
known  that  the  strangulation  of  a  knuckle  id"  intestine  by  a  ligsi- 
ture  leads  to  ra[)id  increase  of  virulence  of  the  cotitaineel  bacilli. 
It  is  possible  that  in  appendicitis  and  in  other  intestinal  disea.ses 
similar  con<litions  lead  to  iniTeased  iideetivity,  and  thus  cause  an 
ordinarily  harndess  organism  to  become  virulent.  In  the  eases  of 
Asiatic  cholera  in  wliich  this  organism  has  been  found  the  speeifio 
germ  of  cholera  has  probably  been  overlooked  or  has  disapiR'ured 
during  the  rapid  multiplication  of  the  sapro])liytic  Haeilbts  eoli. 

Peritonitis  may  result  from  escape  of  the   bacillus  through  a 
ruptured  intestine  or  directly  through  the  wall  of  the  bowel.     The 
iter  is  particularly  prone  to  occur  in  cases  of  strangulation  of  the 
testines. 
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Various  inflammatory  dispasi's  of  the  urinary  tract,  such  a$ 
cystitis,  pyelitis,  and  pycloiH'|thritis,  seem  U)  be  occasioned  [>\ 
tills  saTtii!  pTni. 

Final iy,  tluTe  are  cases  of  poritonitis  secondary  to  enteritis, 
pleurisy,  eudui  anlitis,  and  other  intlanjniatory  diseases,  apparently 
caused  by  this  orfrauism. 

Pathologic  Physiology. — Little  is  known  of  the  toxic 
fflTucts  of  coli-infection.  Scune  toxic  substance  is  doubtles* 
|iToduci'd.  A  reaction  similar  to  the  Widal  reaction  obtains! 
with  the  typhoid  germ  has  been  found  to  occur  when 
cultures  of  the  ooli  haeilltis  are  sui)jected  to  the  action  of  serum 
from  an  animal  inoculated  Avith  this  organism  or  from  a  jxTson 
surteriiifr  with  a|>|»i*uirK'itis  or  other  dis,ca.ses,  either  due  to  coli- 
infection  or  accouipanied  liy  siieli.     <  ><'casioiially  tiie  coli   iKU'ilii 


y*^- 


Fie.  88.— Spirillum  of  Aslntlc  fholpni,  from  n  boullloncuUure  thr«e  weeks  old.  thowlng 
iiumlHTs  uf  loUK  spirals ;  x  1IX)0  (Frunkel  and  I'felflcr). 

agglutinate  and  their  motility  is  checked  liy  typhoid  serum.     The 
explatuitiiiii  nf  this  may  be  that  in  certain  cases  of  tyiihoid  fever 
the  coli  bacillus  is  also  active  in  the  intestiues,  and  in  conse 
quence  a  mixed  form  of  infection  is  present. 


CHOLERA. 

Definition. — Cholcni   is  an  acute  infectious  and  contagious 
disease  caused  by  a  spirillum  or  vibrio. 

Etiology. — The  sjKvitic  cause  of  cholera  is  the  Spirillum  or  ] 
Vibrio  cholene  Asiaticie.     This  organism  is  frequently  spoken  of 
as  the  coninia-bacillus  of  Koch.     It  is  a  short  rod,  from  i).8  to 
2  //  in  length,  ami  usually  somewhat  curved.     The  term  comma- 
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is  nsimlly  easy. 
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acilliis  is  applied  to  it  on  awoiint  of  the  latter  fact.  It  is  found 
abundantly  in  the  riee-water  di.-*t'ii:irj;i's  of  elioleraie  patients,  and 
is  not  rarely  arranged  in  rows,  tliuiigh  tiie  viljriones  are  not  uetu- 
ally  attached  to  one  another  ( Fiir.  88).  It  is  motile,  the  ni(»tility 
being  due  to  a  single  Hagelliim  attached  at  one  end.  In  artilieial 
cultures  the  organisms  are  actunllv  joini'd  to  Ihrm  ."[Mrals  of  greater 
or  les-S  length,  and  these  may  [(resent  a  ni]iid  mtarv  movemetit. 

The  demonstnition  of  the  chuleni-stiirilhini  is  usimliy  easy,  as 
ordinary  stains  color  it  intensely.  Even  the  Hagelluni  may  be 
stained  by  the  ordinary  stains,  though  more  definitely  fthown  by 
special  nietluKls. 

ColtiTation. — The  cultivation  of  the  spirillum 
Cultures  may  be  obtained  upon  agar-agar,  hlcKid- 
serum,  or  other  media,  l)ut  the  gclntin-i'iiltiire  is 
most  characteristic.  In  pnneture-ciilttires  the 
growth  occurs  along  the  entire  length  of  the 
puncture,  but  particularly  at  the  toj),  where  the 
supply  of  o.xygcn  is  abundant ;  and  the  gelatin 
lieeomcs  liquefied.  This  give  rise  to  a  peculiar 
nail-shaped  or  fuimel-sha|K'd  fonnritioii  (Fig.  89). 
In  plate-<'ultures  the  growths  first  a|)[>ear  in  the 
lower  strata  of  the  gelatin  iu«  small  granular  whit- 
ish sjH-its  which  extend  toward  the  surCaci',  li<|Ui'(j 
the  gelatin,  ami  thus  produce  exciivations.  The 
appeanince  to  the  naked  ev<'  suggests  small  air- 
bubbles  in  the  media.  Under  low  powers  of  the 
micrr>scope  the  culture  Ls  seen  to  be  coarsely 
granular,  the  size  of  the  granules  varjing  with 
the  age  of  the  culture.  The  bottom  of  the  growth 
presents  an  appear.iiice  like  that  of  a  surface  p,,,  su_i>unri- 
sprinklwl  with  powdered  glass  r,i",;r^Trii."n.''-or 

When  trrown  in  bouillon  or  other  liquid  media  iimic™:  sixty iioura 
the  cholera-uucrobe  priMltiees  nitrites   and  indol, 
st>  that  the  addition  of  a  little  piirtf  sulphuric  acid  or  hydrochloric 
acid  leads  to  a  reddish  coloration.     This  may  be  extracted  with 
chloroform  or  benzol,  and  '•cholera-red"  may  be  thus  obtained. 

The  cultures  i^f  cholera  grow  best  at  a  tcmjuTatiire  about  that 
of  the  body,  but  they  may  thrive  at  much  lower  degrees  of  lieat. 
Exposure  to  a  tcm|K'rature  of  52°  C.  (125.))'^  F.)  for  four  minutes 
may  cause  their  destrnetion,  but  ten  or  fifteen  minutes'  cxjrosure 
at  55°  C.  (13P  F.)  clufs  not  always  prove  destructive.  They 
may  thrive  in  distilled  water,  or  in  water  containing  stdine 
matter ;  in  or  upon  various  forms  of  food  j  upon  clothing  and  the 
like.  The  resistance,  however,  is  not  very  great,  and  this  has 
been  urged  as  an  objection  to  the  likelihoiKl  of  the  organism  being 
the  cause  of  a  disease  having  such  evident  tenacity. 

Pathogenicity. — The  pathogenicity  of  the  cholera-spirillum  is 
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now  admitted  universally.  Injected  into  the  peritoneum  of  ani- 
mals it  canst's  a  r.ijiid  fall  of  tempeiiitiire,  alulDminal  tenderness, 
and  collapse.  The  peritoneum  shows  signs  of  beginning  inflam- 
mation, and  the  organisms  are  found  in  abundance  witliiu  the 
cavity.  It  has  been  possible  also  to  prmluee  intestinal  changes 
almost,  if  not,  identicid  with  those  of  human  eliolera  in  animals  by 
arresting  the  iK'risbdsis  of  the  intestines  with  injections  of  opium, 
rendering  the  liquids  of  the  stomach  alkaline  with  sodium  carbonate, 
and  then  feeding  cultures.  In  man  a  few  auto-infections  have 
been  practised,  the  experimenter  swallowing  cholera-cultures.  In 
one  case  at  least  typi»'al  cholera  was  admitted  by  Pettenkofer,  the 
most  imjiortant  ojiponent  of  the  acceptance  of  this  germ  as  the 
specific  cause. 

Other  Causes  Operating  in  diolera. — Certain  climatic  conditions 
favor  the  development  of  the  disease.  Thus  it  is  constant  in  cer- 
tain regions  of  India,  and  spreads  thence  when  the  conditions 
become  favorable.  The  evidence  shows  that  the  germ  is  carried 
by  individuals,  or  by  infected  footl  and  the  like.  Tlie  dist-Jise 
flourishes  in  warm  seasons  of  the  year,  and  an  epidemic  is  usually 
brought  to  a  close  liy  winter  frosts. 

Individual  disjHisititm  jdays  a  part  in  the  occurrence  of  the 
disease,  for  tlie  gt^rm  is  easily  destroyed  by  the  acid  gastric  .secre- 
tions, and  infection  is  therefore  most  likely  to  occur  when  ga.stro- 
intestiual  derangements  furnish  a  favondile  predisposition. 

Pathologic  Anatomy. — The  lesions  of  this  disease  are 
found  in  the  intestinal  tiiict.  and  will  be  described  in  the  appro- 
priate section. 

Secondary  lesions  of  other  organs  are  met  with  in  severer 
cases,  and  result  from  the  circulation  of  toxic  substances  produced 
by  the  bacillus. 

Pathologic  Physiology. — \  mimber  of  toxins  Iiave  been 
isolated  IWim  the  bhwHl  of  choleni-|>atients  and  from  cultures. 
The  exact  nature  of  these  and  the  relations  of  the  several  forms 
remain  to  be  determined.  It  is  certain,  ho\vever,  that  toxins  pro- 
ducwl  in  the  intestinal  tract  give  rise  to  many  of  the  symptoms 
of  the  <lisease.  The  human  or  animal  organism  in  some  way  de- 
velops ininntnizing  or  protective  substances  in  the  course  of  infec- 
tion, and  it  has  been  found  [Missilile  by  a  ])rocess  of  vaccination 
with  cultures  of  gradually  increasing  viridence  to  protect  animals 
and  human  beings  from  the  disease.  I'l'eitler  found  that  the  .scrum 
of  animals  .so  vaccinated  had  a  distinct  action  upon  cholera-spirilla, 
causing  their  agglutination  or  destruction,  and  probably  in  this  way 
exercising  a  protective  influence.  This,  or  a  similar,  reaction  has 
now  been  perfected  in  the  case  of  typhoid  bacilli,  and  forms  the 
basis  of  tlie  well-known  Widal  test.  The  same  test  is  applicable 
to  A.siatic  cholera.  The  mpi<l  and  coi)ious  intestinal  discliarges  of 
cholera  lead  to  considerable  inspis.siition  of  the  bloml,  and  doubtless 
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contribute  to  the  causing  of  Borue  of  the  symptoms  of  the  lUsease. 
Examination  of  the  hlo<j<l  duriiijjr  the  heij^ht  of  the  malady  may 
ehow  greatly  increased  numbers  uf  red  blood-coq)uscles. 


Organisms  Resembling  the  Cholera- vibrio. 


K 


Spirilliun  of  Finkler  and  Prior. — This  orfpiuism  was  discovered 
by  tlie  investigators,  whose  names  it  hears,  in  tlie  stools  of  a  ease 
of  cholera  nostras.  It  resembU's  tlie  vibrio  of  Asiatic  cholera  in 
its  sliapc  and  somewhat  in  its  manner  of  growth  and  its  produc- 
tion of  the  indol-reaction.  It  differs,  however,  in  being  somewhat 
^longer  and  more  slender  and  in  coagulating  niilk  when  tliis  is  used 
:Bs  the  culture-medium.  Tlie  growth  ujkhi  gelatin  is  more  rapid, 
s<i  that  within  twenty-four  hours  in  the  ease  of  a  punetiire-culture 
the  liquefaction  has  proeeefled  so  far  all  along  the  jxuieture  that  an 
elongated  sac-like  excavation  is  formed,  in  which  turbid  li<jui)l  is 
containe<l.  It  has  uot  yet  been  proved  that  this  organism  has  an 
etiologic  relation  to  cholera  nostras ;  its  pathogenicity  is  im- 
probable. 

Spirillum  Tyrogenicnjn. — This  is  an  organism  discovered  in  old 
cheese  by  Deneeke.  It  resembles  the  last-named  variety  very 
ch)sely,  and  ditiers  from  the  vibrio  of  cholera  in  litjuefying  gelatin 
quicklv,  though  the  i"a))idity  is  not  so  great  as  in  the  ease  of  the 
Finkler  and  Prior  organism. 

SpiriUum  Uetsclmikowi. — This  organism  was  discovered  by 
Gamaleia  in  the  intestines  of  chickens  affected  with  choleriform 
diswise.  It  is  somewhat  shorter  and  thicker  than  the  cholera- 
.spirillum.  In  culture  it  resembles  the  vibrio  of  cholera  very 
closely,  though  the  trained  bacteriologist  can  easily  distinguish 
them.  The  organism  is  non-jKithogenic  for  man,  but  chickens, 
pigeons,  and  guinea-pigs  are  highly  susceptible. 

Besides  these  spirilla  or  vibriones  which  have  been  discovered 
in  various  di.scases,  a  niauber  <ii'  <irgiinisnis  that  resemble  closely 
the  spirillum  of  eholeni  have  been  found  in  the  water  of  streams 
supplying  the  drinking-water  of  cities.  Among  these  Neisser 
de9cribe<l  the  Spirilbini  Beroliiiensis,  olitaiiied  fntni  the  water  of 
the  Spree  in  1S^93.  Ihitibar  and  Oergel  isnlate<l  a  similar  organ- 
m  from  the  water  nf  the  Elbe,  and  a  number  of  others  fif  like 
haracter  are  known.  The  relatiuns,  however,  of  the  different 
forms  to  each  other  ami  the  ditferentiation  of  these  varieties  have 
uot  as  yet  tjeen  definitely  determined. 

Pathogenicity. — Some  of  the  forms  described  pnxluee  violent 
strfHintestinal  distiu'banee  and  death  in  a  certain  proportion  of 
inials  prepared  liy  injection  of  opiunt  and  alkalinization  of  the 

fstinal  tract  with  swla  ami  then  fed  with  pure  cultures  of  the 
irgnnisms.     They  are  evitlently  highly   irritiiting  bacteria,   and 
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some  remote  relationship  seems  to  exist  between  them.     This, 
however,  cannot  be  jwsitively  asserted. 


TUBERCULOSIS. 

Definition. — The  term  tuborculosis  refers  to  various  con<1i- 
tioiis  due  to  intection  with  the  tubercle-bacillus,  in)  matter  what 
the  form  or  individual  peculiaritifs  of  the  case.  The  name  was 
originally  employed  bcwiuse  of  the  wrurreiire  of  small  nodules 
or  "  tubercles."  It  must  Iju  rcinembtTwl,  however,  that  other 
diseases  show  sinall  miliary  nodules,  pt-rliaps  indistinguishable  to 
the  naked  eye  from  miliary  tubert-les,  and  that  tuberculosis  some- 
times occurs  without  a  single  tubercle. 

Etiology. — Tuberculosis  is  infectious  and  contagions,  the  ba- 
cilli being  transferred  by  the  secretions  and  excretions  from  dis- 
eased persons  to  a  susceptible  individual  through  the  air,  food, 
drink,  or  in  other  ways.  The  infectious  character  of  the  disease 
was  long  suspected,  but  was  definitely  proved  by  Villemin  in 
18(55,  and  in  1.S82  Koeh  succeeded  in  isolating  the  infective  ba- 
cillus. Predisposing  causes  are  of  some  importance.  Ft>rmerly 
family  susceptibility  was  thought  an  alI-im|>ortant  cause,  and  the 
disease  was  supposed  to  be  transmitted  directly  in  families.  At 
the  present  time  we  recogni/.e  the  tniusniission  of  susceptiijility, 
and  very  rarely  transmissirm  of  the  disease  itself,  from  parent  to 
child.  Susceptible  jwrsons  frequently  show  delicate  organization 
with  poor  development  of  the  body,  particularly  of  the  chest. 
Besides  inherited  suseepti1)tlity,.ae()uired  predisjwsition  may  result 
from  occupations  which  lower  vitidity,  from  grief,  prolonged  ner- 
vous strain  and  cxiiaustion  ;  and  some  one  of  the  ot^ans  may  be 
specially  j>redisposed  liy  injuries,  as  in  eases  of  tuberculosis  occur- 
ring in  the  lungs  of  tliose  iidiuling  sharp  particles  of  metal,  cool, 
and  the  like.  Such  mechanical  lesions  prepare  a  place  of  lesser 
resistance,  and  tubercle-bacilli  more  easily  gain  a  footing  than  in 
normal  tissues.     Continued  local  anemia  .seems  to  predispose. 

The  human  tnhrrrlr  fjoci/lus  is  a  rod-shaped  organism,  l.o  it  to 
3.5  /i  in  length  and  from  0.2  ft  to  0.">  fi  in  l)readth.  Sometimes 
it  is  even  longer,  esj)eciallv  after  cultivation.  It  often  iKcurs  in 
pairs  or  in  groujis  arranged  end  to  end,  but  not  overlapping,  and 
evidently  not  attached  the  one  to  the  other.  It  also  occurs  either 
straight  or  nmn-  or  less  eur\ed,  and  may  ofien  be  found  S-shai)cd 
or  in  linuiehiiig  forms.  Wlieii  stained,  it  may  either  apwar  uni- 
fonnly  colored  or  may  present  a  beaile<l  a[)|»earance.  Tne  latter 
condition  is  caused  by  tile  alteration  of  portions  well  .stained  and 
intervening  parts  with  little  or  no  stain  (Fig.  90),  These  light 
areas  were  formerly  regard  oti  as  spores  (Kocli),  but  are  now  ne- 
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lieve<I  to  be  the  result  of  fragmentation  of  the  bacillus  and  retrac- 
tion of  the  substance  of  tlie  orgiinisni  eausing  vacant  areas.  In 
other  words,  the  light  areas  are  due  to  degeneration.  They  are 
eertainlv  not  spores.  The  baeitlus  is  non-motile  and  does  not 
have  flagella.  It  i.s,  therefore,  transportwl  1j_v  outside  agencies 
entirely. 

The  tubercle  bacilli  found  in  man,  cattle,  nnd  fowl  exhibit 
structural  and  enltiiml  diftercnces,  though  they  are  probably  the 
same  bacilli  exhibiting  different  clinnictcristies  caused  by  their 
growth  in  different  envimunients. 

The  bovine  /xinliuM  is  mucj)  shorter  nnd  thicker  than  the  human 
bacillus,  being  from  1.5  /i  t«i  2  ft  in  length  an<l  of  an  oval  shape, 
the  length  being  not  more  than  double  the  breadth.  It  is  straight, 
and  does  not  exhibit  the  curved  and  bninching  forms  of  the  human 
^taeilli.  When  stained,  it  is  uniforndy  colored,  tlic  beading  being 
markedly  absent. 

The  arinii  liilierde  bncilluM  differs  from  the  human  bacillus  in 
that  it  is  more  often  ehil>-sha[>ed  and  branclnng,  and  that  it  grows 
more  luxuriantly  upon  glycerin  agtir  and  l>lood-sernm,  and  at  a 
much  higher  temperature^ — 45°  V.  (113°  F.).  It  will  also  grow 
on  ordinary  agar,  but  not  on  potato.  It  is  much  more  resistant 
to  heat,  especially  as  regards  its  virulence. 


/ 


Itio.  90.— Tub«rcJe-baclUI  Id  the  »]>utum :  ZelM's  bomog.  immeraloii  ^,  Oc.  t  \  mBgnlSed 

about  liXN)  cliam. 


Aitiflcial  culture  of  the  Bacillna  tuberculosis  was  first  siicc(\ss- 
fully  accomplished  by  the  use  of  b]oo<l-serum  a.s  a  medium. 
The  bacillus  grows  very  slowly ;  afk'r  ten  itays  or  two  weeks 
the  surface  of  the  mc<lium  shows  drj-  flnkish  deposits,  somewhat 
resembling  the  scales  in  certain  skin-<liseases  (Fig.  91).  The 
edges  of  these  flakes  tend  tfv  elevate  themselves  a  little,  and  the 
unbetancc  of  the  growth  has  a  crumbled  appearance.  Placed  under 
a  cover-glass  in  ma.ss  and  examined  with  the  microscope  these  flakes 
-are  found  to  be  composed  of  contortetl  ma.«ses  of  bacilli  (Fig.  92). 
Pure  cultures  are  best  obtained  from  the  lymphatic  glands  of  ani- 
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mals  artifioiiilly  infected  and  destroyed  before  tlic  tiiberciiloufi 
foei  (rave  advuueed  tu  tlie  stajio  of  neerotic  change.  Culturt's 
may  be  obtained  witii  some  <lilKeulty  fix»tn  tlie  8putuni  nr  other 
excreta.  At  the  present  titiie  l>liwKl-senim  i.s  less  frequently  used, 
a-s  it  has  been  found  that  apir-ag-.ir  slightly  acidulated  and  con- 
taining a  lar^e  ])n)]i(>rtion  nf  glycerin,  and  lionillon  eontiiining  gly- 
cerin, serve  as  useful  media.  Even  potato  and  other  simple  sub- 
stiiuces  iiiN'  found  t<»  i>e  satisiiietory  nie<Iia.  The  iwieillus  requires  a 
rather  (;ven  teniju'rature  for  iti:-  gitjwtli ;  it  Hourishes  best  at  ."17.5° 
C.  (9tl.o°  F.),  and  does  not  grow  Ik-Iow  29°  0.  (84°  F.),  or  above 
42°  ('.  (1()7.(>°  F.).  Kxjwsure  to  fiigher  temperatures  (75°  C.) 
(167°  F.)  rapidly  destroys  it  ;  and  strong  sunliglit  is  destructive. 
It  ri'(juirfs  eonsirlendde  air  and  always  gri>\vs  iijxm  the  surface  of 
the  medium  in  which  it  is  eultivated.  I'viJimgeil  enltivation  uj)<>n 
artificial  media  lessens  its  virulence. 

Demonstration. — ^The  demoiistnition  of  tlie  tuberele-liacillus  by 
staiiiing-methodft  is  extremely  ca.sy  and  satisfactory.  It  has  been 
found  tliat  this  organism,  like  that  of  lepra  and  the  sniegma-bacil- 
1ns,  di>cs  not  readily  stain,  but  after  receiving  a  stain  retains  it 
despite  the  action  of  strong  nu'iienil  aci<ls.  Upon  this  principle 
the  methods  lJf^taining  are  based.  Koch  used  as  a  stain  a  gentian-  ^ 
violet  .solution  eoutaining  anilinoil,  tlie  latter  playing  the  psirt  of  fl 
a  mordant  or  an  agent  to  fi.\  the  sUiin  in  resistant  bacilli.  The 
speeiiuen  was  then  decolorized  by  treating  it  with  a  solutiou  of  a 
miiiend  a<Md,  which  reirioves  the  stain  t'roni  evi-rything  but  the 
tiiberele-lmeilliis,  ,\  eoiintcr-stain  might  then  lie  used  to  n-nder 
the  detection  of  the  bacilli  more  easy. 

The  most  convenient  method  is  the  following  :  sputum  is  spread 
in  a  film  itimn  thin  cover-glasses  or  slitles.  These  are  allowe«l  to 
dry  in  air  and  then  thoroughly  fixed  by  drawing  the  specimen 
through  a  JSimsen  llaTiie  tliwe  times  ;  a  drop  or  two  of  Zichl's 
soiutiini  of  earbol-fuelisin  (see  .AjtjH'udix)  are  arided  and  heated 
until  the  liquid  steams.  After  two  or  three  minutes  the  stain  is 
washed  off  with  water  and  a  few  <lrops  of  Gabbett'.s  solution 
(methylene-bhic,  2  ;  sulphuric  acid,  25  ;  water,  75)  placed  upon  it 
and  allivwed  to  refiiain  a  minute  or  two.  The  specimen  is  again 
washed  with  water,  and  should  then  U'  uniformly  1)1  ue  ;  if  not,  u 
little  more  (iabbett'.'i  aoliifion  is  added  as  In-fore.  In  this  methiHi 
the  carbol-fiudisin  stains  everything,  including  the  tubercle-l>acil- 
lus ;  the  sulphuric  acid  of  the  .second  .solution  decolorizes  every- 
thing but  (he  tuliercle-bacillns ;  and  the  methylene-blue  at  once 
stains  the  cells  and  otlier  elements,  leaving  the  bacilli  dark  red. 
Even  more  satisfactory  results  may  be  obtained  by  allowing  the 
carbol-fuchsin  t*)  stain  at  ordinarj'  tem{>eratures  for  twelve  hours; 
and  in  the  staining  of  bacilli  in  tissues  this  prolonged  cold  staining 
is  particularly  desirable.     Gram's  method  gives  |wsitive  results. 

Distribution  of  the  Tubercle-bacillus. — This  organism  i.s  prob- 
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ably  a  pure  parasite,  occurring  and  multiplying  only  in  the  hmly 
or  I'xrreta  ot  discasoti   indivitluals,  human  or  aiiiniul.     .S'^nf"   ■^>- 
other   excreta   oontaiiiing    the   hiu'illiis   ni;iv  drv  and 
bacillus  in  a  dormant  thontrii  sti 


'•^* 
^y^ 


ipiitii  or 
rutaii!  the 
pntcntiaj  funn  for  h)nir  jxtJihIs 
of  time,  iKitside  tjie  liody.  Multipjicatinu 
of  the  orgjinisin,  however,  |)rt)bably  very 
rarely  oeenrs,oxeept  witliin  tlie  l)ody.  The 
baeilhis  is  found  in  tlie  lesions  of  all  parts 
of  tlie  body. 

Modes  of  Infection. — The  bai'illu.s  may 
gain  access  to  the  body  either  by  direct  in- 
oculation, by  tlie  intialation  or  swalliivving 
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Flo.  »!.— Ciiltiiri'  1.1  tulKTfle- 
ncUn    on    glyceriii-iitur.    fiiur 
tWi-eKs  oW  (rnkiiki;!  unil  I'fuilTcr). 


Kiii.  ".'i— IlnclllUB  tiilwri  uIdbIs'  nillicHlrc  niver- 
gliuu  t>ri-p«irall>>ii  fruin  a  f«»iirUH-ii  «Jny-i)M  hluotl- 
srniin  I'lilluri-;    ■   li*i  il-'niuki'l  piiiil  ITiIiTlti. 


of  the  germs,  or  i>y  intra-uterine  transference  through  the  placenta. 
Direct  inocidation  through  external  wounds  is  perhaps  more  fre- 
<pient  than  is  believed,  Definite  lesions  of  the  fkin  have  been 
caused  by  vaccination,  and  are  not  infrciiiunt  upon  tlu-  hands  of 
anatomi.sts,  in  the  form  of  the  .so-called  iuiatumie  tubereles.  In 
8omc  of  the  cases  of  .scrofulous  or  tulxTeulous  t;laii<ls  of  the 
neck  in  children,  it  is  likely  that  the  bacillus  g-ains  entrance 
through  abrasions  of  the  skin  or  of  the  mueoas  membrane  of  the 
mouth  or  pharynx.  Genital  tuberculosis  is  quite  jiossihiy  fre- 
uently  producMl  by  direct  implantation.  The  most  common 
'orni  of  infection  is  through  the  inspired  air.  The  breatli  of 
phthisical  patients  does  not  ordinarily  contain  bacilli,  but  the  dust 
of  rooms  in  which  tuberculous  ])atients  have  lived  may  contain 
Dumerous  bacilli  in  a  dry  state,  and  these  readily  become  mixed 
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with  the  air  and  are  thus  inhaled.  Tuberoulosis  of  the  lungs,  or 
more  rarely  of  other  pans  of  the  roHpiratory  tract,  is  thus  produced 
in  siisceptil>le  j>c'rsons.  The  swallowing  of  tul)erculous  material 
may  leaf!  to  tuhereiilu.sis  of  any  |Mrt  of  the  gastro-intestinal  tract 
by  the  diroet  inocuhitioii  that  rehults.  Thus  intestinal  tubereulosig 
in  purtieuhir  is  |»rudueed.  Sometimes,  however,  the  bacilli  pass 
through  the  wall  of  the  intestine  ami  cause  a  primarj'  lesion  in  the 
lymphatic  glands  of  the  alKlomen.  Tlie  bacilli  are  swallowed 
with  milk  or  meat,  or  they  may  gain  access  to  the  mouth,  in  the 
form  of  dust  or  particles  of  various  kinds,  and  be  swallowed  with 
the  sjiliva.  The  ntilk  and  meat  of  infeeted  eatlle  fri'quently  con- 
tain bacilli,  and  undoubted  instances  of  infection  in  this  way  have 
been  proved.  The  intra-nterine  transmission  of  tuV>ercHlosi8  is 
rare,  but  docs  occur.  Most  of  the  cases,  howevei",  of  tuberculosis 
ill  early  life  may  be  explained  as  jwist-natal  infections  through 
milk,  inspired  air,  etc. 

Relation  of  Human  to  Animal  Tuberculosis. — Tuberculosis  attacks 
the  lower  animals  with  varying  frequency.  It  is  most  coninion 
in  cattle,  and  because  of  the  peculiarities  of  the  bacilli  and  lesions 
this  form  of  the  disease  is  termcti  "  bovine  tuberculosis."  Many 
experiments  have  been  made  to  establish  the  relation  existing 
between  the  bovine  and  human  forms  of  the  disease,  and  Koch, 
in  lilOl,  made  the  statement  tliat  the  two  were  dlflerent  dis- 
eases and  probably  were  not  interconinumicable.  Ravenel  dis- 
proved this  assertion  by  producing  the  disease  in  cattle  with 
bacilli  obtiiined  from  human  sources,  although  the  animals  oxhib- 
iteil  a  high  grade  of  rcsistiince  to  such  an  infection.  At  the  same 
time  he  rejwrted  4  cases  of  accidental  local  infection  in  man  with 
the  bovine  bacillus.  lie,  tlierefore,  maintains  "  that  human  and 
bovine  tuberculosis  are  but  slightly  diflereiit  manitestations  of  one 
and  the  same  disease,  and  that  they  are  intereoiiminnicablc.''  Less 
fre<|uently  tuberculosis  occurs  in  hogs,  g<iats,  horses,  ilogs,  cats, 
sheep,  rats,  guinea-pigs,  and  rabbits.  All  these  animals  are  more 
susceptible  when  kept  in  confinement.  C'ajitive  monkeys  are 
highly  susceptible.  In  all  these  animals  the  disease  is  pn>l)ably 
intt'rcommunieable  with  human  tuberculosis,  but  the  lesions  are 
not  always  identical  with  those  found  in  the  latter  disease.  Birds 
and  fowl  of  various  kinds  are  susceptible,  though  the  disease  is 
somewhat  different  in  them  from  that  seen  in  man  (.see  Fowl- 
Tuberculosis).  Tuberculosis  of  eold-blnoilcd  animals  ha.s  als4> 
been  recognized.  The  form  of  disease  in  the  latter  is  atypical,  and 
the  bacillus  shows  peculiar  chnracteristics,  but  tends  to  approach 
the  form  of  the  human  bacillus  by  successive  passiige  through 
animals. 

Animals  may  become  infected  from  man,  and  may  further 
spread  the  infection  by  their  discharges  and  excretions.  In  the 
case  of  cattle  the  danger  of  dissemination  is  ])articularly  great. 
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because  of  the  danger  to  man  of  infection  tliroiigh  the  digest- 
ive tract  by  means  of  tiiberciiloiis  milk  or  meat  insutticiently 
cooked. 

Pathologic  Anatomy. — Tiibercidosis  is  ehurat'terized  by  the 
eruption  of  small  nodules  varying  in  size  from  one  or  two  milli- 
meters in  diameter  to  that  of  a  small  jn-a.  These  are  known 
as  inilinry  tubercles.  As  already  mentioned,  tlie  latter  in  gross 
appearance  are  not  distinctive  of  tuberculosis,  as  similar  nodules 
are  met  with  in  other  diseases.  Besides  the  tubercle  tlierc  are 
iiiflammiitorif  lesiom  occurring  between  the  tubercles  and  varying 
with  the  anatomic  character  of  the  organs  atleetcd.  Thus  in  the 
lungs  the  tnberch'  may  be  ineons|)icii(>us,  whereas  the  jmeumuuie 
infiltration  of  the  lung-tissue  surrounding  the  tulxTcles  and  filling 
in  the  spaces  between  them  gives  tlic  orgsin  its  most  striking 
anatomic  characters.  Then>  are  instances  of  tuberculosis  in  which 
the  whole  prwess  runs  its  course  without  the  dcvelo[>tuent  of  any 
definite  tubercles.  For  example,  in  the  lungs  the  inhalation  of 
tubercle-bacilli  in  considerable  number  may  be  followed  by  rapid 
tuberculous  pneumonia  without  definite  tubercles,  and  in  other 
situations  similar  results  may  be  pro<luced.  In  the  further  prog- 
ress of  a  ease  of  tuberculosis  cnncous  ehntn/v  is  importiint.  This 
may  present  itself  iu  thu  form  of  areas  of  considcralile  size  having 
a  dull,  opaque,  lusterless,  grayish  or  whitish  character,  and  not 
inaptly  likened  to  the  appearand-  of  cheese.  These  centei"s  of 
caseous  necrosis  may  finally  become  liquefied,  and  cavity-forma- 
tions may  result.  These  changes  are  particularly  frequent  in 
tuberculfwis  of  the  lungs,  less  frwjuent  iu  lioiics,  skin,  glands, 
kidneys.  In  connection  with  tuberculosis  of  bimcs  there  may 
be  forme<l  small  or  large  cavities  filled  with  liquefied  caseous 
or  puriform  material.  These  may  involve  the  surroumliug  tis- 
sues as  well  as  the  bones  themselves.  The  term  cold  abscess 
is  applietl  to  them.  Small  tubercular  areas  anil  sometimes  even 
large  foci  are  prone  to  be  surrounded  by  reactive  fibrous-tissue 
hjTKTplasia,  and  thus  a  complete  encapsulati(»n  may  result.  Small 
fwi  may  Ik-  uniformly  transfitrmed  by  organii'.ati<m  of  proliferating 
cfmnective  tissue  aiul  mav  be  thus  entirely  healed.     In  other  cases 


simple  encapsulation  occurs,  the  tuberculous  mass  within  perhaps 

■ularly 
referred  to  below. 


undergoing  calcification.     The.se  changes  will  be  more  partici 


Tul)erculous  lesions  of  the  mucous  membranes  frequently  begin 
with  the  formation  of  di.'^tinct  tubercles  <K'cupying  the  dce[ier 
layers  of  the  mucosa  or  the  submucosa.  These  by  confluence  may 
form  considerable  areas  of  tuberculous  disease,  while  at  the  same 
time  reactive  inflammation  of  the  surrounding  tissues  adds  to  the 
mass.  Sooner  or  later  ulcerative  cliaiiges  upon  the  surface  make 
their  appearance  and  irregular,  more  or  less  necrotic,  ulcers  re- 
Bult.     rhe   caseous  appearance  of  these  and  the  occurrence  of 
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distinct   titlterclos 

Structure  and  Evolution  of  the  Tubercle. — When  the  tubercle- 
bacillus  is  received  into  any  tissue  i>r  uv'^m  it.s  first  effect,  ao<t)nl- 
ing  to  the  investifratious  <jf  Baiinipirtcu,  is  to  stimulate  or  irritate 
the  fixed  ctiin»wtive-ti,s.-uc  clcnuirts  :md  ciiuse  a  proliferation  of 
round  cells,  which  resemble  in  their  abundance  of  [irotoidasni  the 
epitlielial  cells,  and  are  thei-efore  known  as  epithelinid  cells.   These 


P>' 


Fio.  93.— Miliary  tubercles  in  the  Itver,  showlnir  nbiindant  ronnd  cell*  In  tlie  peripberal 
parts,  epitlH'Uold  uuil  (jl""'-'-"*-'"*  witliln. 

have  u.sually  a  single  nuclens,  of  nitlier  clear  vesicnlar  appear- 
ance, nut  deeply  staining,  and  a  n'latively  large  amount  of  proto- 
plasm. They  mav  1h'  produced  in  greater  or  less  abundance,  as 
the  first  reactive  change  of  the  tissues  to  thi'  irritation  of  tubercle- 
bacilli.  Next  flici'e  (ullows  an  infiltration  with  Ictdiocytes  from 
the  surrounding  blooil-ve.sscls,  ami  tin;  fix'us  fvf  irritation  thus 
becomes  siirnjunded  with  tuimerous  .small  round  cells  mostly 
mononuclear,  with  darkly  .staining  nucleii.s  and  a  small  protoplas- 
mic body  (Fig,  9.3).  JSome  of  the  cells  are  polynuclear.  This 
leukocytic  infiltration  repr(^s<'nts  tlx-  reat^tifin  tif  the  vascular  sys- 
tem to  the  tuberculous  irritation  or  infection.  The  tuunber  of  small 
round  cells  varies  greatly  indifferent  instances.  Sometimes,  as  in 
certain  tuben-le.s  of  lymphatic  glands,  they  may  l>e  relatively  few, 
while  the  epithelioid  cells  are  present  in  aljundanee.  In  other 
cases  the  lenkocytes  are  so  (juickly  attracted  and  in  such  num- 
bers that  the  tubercle  seems  composed  of  thesis  cells  alone,  uo 
epithelioid  cells  appearing  in  view.  These  tulM-rcles  an;  known 
as  the  lymphoid.     In  the  later  stages  the  round  cells  may  <lisaj)- 
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pear  by  degeneration,  exposing  the  previously  hidden  cpitholiuid 
cells  to  view. 

At  the  stage  of  the  tubercle  when  it  is  fiomposed  mainly  of 
epithelioid  and  lyinplinid  cflls  it  appears  to  the  naked  eye  as  a 
grayish,  sornewhjit  tnuisliicent  pearly  Ixxly.  It  is  avasfiilar,  no 
tendency  toward  funiiatinn  of  new  btood-vessels  beinir  apparrtit. 
In  the  further  evolution  of  tlie  lesion  dujrcncrative  clum'ri-.s  take 
place.  These  are  hyaline  degeneration,  coagulation-necrosis,  faltv 
change,  and  eventually  a  transtorniatioii  into  cheesy  material, 
the  so-called  caseous  necrosis.  These  changes  result  from  the 
specific  action  of  the  living  tubercle-bacillus,  though  in  part 
also  from  the  avascular  condititm  of  the  tissue.  Avascularity 
alone,  however,  is  not  the  cause  of  caseous  necrosis.  One 
of   the  first    changes    noted    is  a  granular  change    in    the  cell- 
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[Vio.  M.— Ii>nre  tubercle  of  the  lung,  showing  cheesy  uccroBln  in  the  center :  the  epithe- 
lioid and  gianl-celli  around  the  cheetjr  center  are  more  or  Ies.i  degenerated. 

'       protoplasm    which    lessens    the    affinity  of    the    oell-])n>toplasni 
and    of    the  nucleus     for    onlinary     stains.      There     may     lie 
seen    among    the  cells  of    the    tubercle    here    and    there    indi- 
viduals which  show  this  beginning  necrosis.     Tiu-sc  are  usually 
grouped  in  the  center  of  the  tulwrcle,  though  at  times  also  at  dif- 
^Merent  points.    The  outlines  of  these  cells  become  less  distinct  and 
j^phey  are   progressively   less  deeply  .stained,  until    with  advanced 
^^neorosis  the  cell  is  broken  ilown  into  particles  or  debris  (Fig.  ft-1), 
^^In  the  early  stages  of  niwTosis  the  epithelioid  cells  tenrl  to  run 
^■bigether,   forming   large,   irregidar   ijkmi-i'elh  with    many   nuclei 
^^rrangetl  either  around  the  periphery  or  frequently  at  either  pole 
of  the  cell.     Some  observers  believe  that  giant-cells  result  from 
rapid  multiplication  of  nuclei  witliin  the  epithelioid  cell.s.     This  is 
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very  rare.  Others  have  8iip{wse<l  that  tlie  running  together  of 
leukoL^ytes  or  lymphoid  elements  of  the  tiihercie  eauses  the  for- 
mation of  giant-eel  Is.  Thi.s  does  not  seem  ever  to  occur.  The 
giant-cell  is  not  etianietcristii-  of  tiilxTcidosis,  as  it  may  be  found 
in  nianv  of  the  specific  iiiHaminatinns  and  also  in  foci  of  chronic 
irritation  (hie  to  foreign  IxMlies,  as  well  as  in  tumors.  In  no  wjn- 
dition,  liowever,  are  they  so  aliuiidant  or  S(»  conspicuous  as  in 
tuiiercidosi.s.  In  some  cases  they  may  not  he  seen  in  tli<i  tubereles 
at  any  .stage.  In  otlier  cases  they  are  very  numerous.  The  giant- 
eell  falls  an  early  victim  to  the  advancing  necrosis,  and  the  pro- 
toplasm Ijecomesgnimihir  and  o])aqiie,  anil  eventually  breaks  down 
eomplelelv.  This  change  tisualiy  ix'curs  at  the  opjx)site  side  of 
the  cell  from  that  in  which  the  nuclei  are  gathereil ;  or  in  cases  in 
H'hich  the  nuclei  surround  the  cell  the  necrotic  <-liangcs  begin  in 
the  center.  Finally,  a  tubercle  undergfjcs  almost  complete  necrosis 
and  is  tninsfiirmed  into  a  cheesy  mass,  the  surrounding  connective 
tissue  perhaps  still  shmving  proliferative  clmnges  which  may 
eventually  «uise  encapsulation  of  the  tubercle.  Calcification  may 
ensue  in  the  cheesy  juass  and  thus  lead  to  |K-rmanent  destruction 
of  the  nodule. 

In  the  growth  of  tuberculosis  the  normal  tissue-elements  of  tlte 
piirtattected  are  pusiietl  aside,  or  may  l)e  softened  and  destroyed  by 
the  disease-prf>cesses.  The  connective-tissue  fibers  i»f  the  jwrt, 
however,  are  longest  retained,  and  remain  as  a  reticulum  or  tuber- 
cle-sti-oma  long  after  the  other  elements  of  the  tissue  have  dis- 
appeared or  been  pushed  aside. 

Tubendcs  tend  to  coalesce,  forming  larger  tubercular  masses, 
and  sometimes  distinct  tuberculous  tumors  arc  so  produced.  In 
the  lowiT  animals,  particularly  in  cattle,  such  tubercular  tumors 
of  the  serous  surfaces  are  not  uncouuiion.  They  may  simply 
stud  the  membranes,  or  they  may  liang  as  polypoitl  masses ;  the 
term  "  j>carl  disease  ''  is  apjdied  to  these  cases.  Somewhat  similar 
tubercular  tmnors  are  nu-t  with  in  human  tuberculosis,  especially 
in  the  hniin.  As  a  rule,  however,  increasing  areas  of  tuberculous 
disease  of  organs  ax'e  only  jiartly  conip>sc<l  of  tulRTcles,  the  bulk 
of  the  <list>ased  area  presenting  evidenees  of  ordinary  or  jKH^uliar 
inflarumatorv  changes  to  which  the  presence  of  the  tubercles  has 
stimulated  the  tissues. 

•  The  tuhcrcle-bacilli  in  the  earliest  stjiges  of  the  tuberr-lo  may 
be  seen  lying  in  the  tissue  and  perhaps  between  the  epithelioid 
cells  first  formed.  With  the  evolution  of  the  disea-sc  they  are 
more  and  more  abundant,  an>  largely  within  the  cells,  and  the 
giant-cells  in  particidar  may  contain  large  numbers  (Fig.  95).  As 
the  necrotic  changes  increase  tlie  bacilli  be<'ome  less  conspicuous, 
and  eventually  none  may  be  visible.  The  existence  of  the  bacilli 
or  their  spores,  however,  cannot  Ix'  doubted,  since  injection  of 
portions  of  such  tubercles  produces  the  disease  in  guinea-pigs. 
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After  tho  establi.shment  of  t!u'  liw^iil  lesion  of  tiihorciilosis  in 
any  part  of  the  btxly  two  opjHisintj  tendencies  struggle  for  suprem- 
acy, the  tendency  of  the  tul)ercul()tis  disease  to  spread  and  the 
"tendenoy  of  the  normal  tissues  to  encapsulate  or  limit  the  spread 
of  the  inva«ling  disease.  In  most  eases  the  former  sueeecds  and 
the  secondary  tuhercrles  first  appear  in  adjai'cnt  parts,  the  transpor- 
tation of  the  haeilli  from  the  priniarv  tu  the  secondary  fneiis  heing 
accomplished  either  i)v  the  tluw  of  tlie  lyin|>h  ur  jiiiecs  of  tiie  hody, 
or  by  the  phago<"ytie  activity  of  Icukix-ytes.  Tire  latter  take  fmm 
the  edges  of  the  tul)ei'ele  some  of  the  bacilli  and  transport  them 
either  by  their  own  amclwid  activities  or  in  the  lyni|)h-stroam  to 


to 


.  95.— GtatJi-cell  contalntnK  bacilli  ((Vom  n  phirtoifrapli  made  by  Dr.  Wni.  M.  Gr«y). 

•neighboring  parts,  where  tluy  thiMixselves  fall  victims  to  theorgiin- 
isms  they  have  ajiprnpriatcd,  and  tbtis  deposit  the  germs  of  iicw 
fix'i  of  diseast!.  Tlie  di.ssemiiialion  ot'  (iibeirles  to  tiinri-  distant 
parts  may  occur  in  various  ways.  In  the  wise  of  tuberculosis  of 
the  mucous  membninos  bacilli  may  be  cast  off  from  the  surface 
and  spread  to  other  parts  of  the  mucous  tracts  with  the  coiitents 
of  these,  as  in  the  case  of  tiif)crciiIo>is  of  the  gastro-intestinal 
traet.  In  the  case  of  pnlnmnary  lesions  the  uleerative  proeesses, 
or  attacks  of  coughing,  may  liMi.^rn  infected  [Kirticli's  from  lesions 
of  the  bronchi,  and  the  d(;<'p  inspiratory  etfurts  billowing  the 
cough,  or  the  ordinary  inspinttions,  may  carry  the  liacilli  into 
tlie  finer  bronchioles,  wluire  new  foci  arise.  If  the  tiibciTuUir 
lesion  involves  the  walls  of  the  lymphatics,  particularly  the  larger 
lymph-channels,  like  the  cervical  or  thoracic  ducts,  bacilli  may 
gain  access  to  the  lyinph-strram  and  thus  be  traiisjiorted  to  the 
venous  circulation,  and  then  throiigli  (lie  heart  tu  the  lungs  or 
perliaps  toother  orgsms.  When  the  tuberculous  lesion  invades  the 
wall  fif  a  vein  the  dissemination  of  the  bacilli  is  even  more  rapid 
and  widespread,  iis  the  organisms  find  their  way  to  the  heart  by  a 
more  direct  route.     In  rare  instances  an  artery  is  invaded  and  the 
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organisms  are  scattered  through  the  termiiml  distribution  of  this. 
UjMjn  surfaces  the  diseaw  nuiy  spread  In'  dirwrt  eontintiity  or  b_v 
the  uiovements  of  the  ImhIv.  Thus  lesions  of  the  peritoneum  may 
become  almost  imiversal  in  consequence  of  tlic  |>eristaltic  move- 
ments, tlioufjli  more  fre(|nL'ntly  tiie  <>xtensioii  occurs  along  the  lym- 
pliatic  cliaiuu'ls. 

The  condition  wliich  results  from  general  infection  and  fiirma- 
tion  of  tiilierclcs  iu  variitus  situations  is  known  as  mil'uiry  tuhercu- 
lo»lt<.  In  these  cases  the  progress  is  usually  rapid  and  a  fatal 
termination  is  not  long  delayed.  The  tubercles  therefore  remain 
small,  and  at  autopsy  are  still  ty])ieally  gniy  miliary  tubercles. 
Sometimes,  however,  miliary  tulicrcidosis  may  assume  a  more 
chronic  form,  pcrlmps  in  ctiuscquence  of  the  gradual  admission  of 
bacilli  to  the  circulation  and  tlie  formation  of  small  crops  of 
tubercles  during  a  eonsideniblo  period  of  time. 

Miliary  tuberculosis  may  be  local  or  general.  In  the  former 
case  the  bacilli  are  admitt<tl  to  the  vascular  distribution  of  a  re- 
stricted area  only  ;  in  the  latter  wiilespread  dissemination  thniugh 
the  blood  iH-citrs,  and  pnu-lically  all  piirts  of  the  boily  may  be  in- 
volved. Localized  miliary  tuberculosis  is  most  frequent  in  the 
lungs. 

Seats  of  Ttiberctilosis. — Among  the  frequent  situations 
in  which  tuijcrcuiosis  enakis  its  appearance  are  the  lungs,  the 
lyniphntie  glands,  the  buncs  and  joints,  the  mucous  membranes, 
particularly  those  of  the  larynx  and  intestines,  the  serous  mem- 
branes, the  prostate,  testicle,  ovaries,  Fallojiian  tubes,  kidneys, 
uterus,  su]>rareual  capsules,  bniin,  liver,  spleen.  In  some  of  these 
situations  the  lesions  are  practically  always  secondar\',  as,  for  ex- 
ample, in  the  liver  and  spleen.  In  otheiv  tiny  are  most  frecjuently 
primary,  as  iu  the  lungs.  The  <«'currcuce  of  primary  tuberculosis 
in  the  internal  organs  may  be  dirticult  to  explain.  It  is  jHissible, 
however,  for  the  bacilli  ti»  gain  access  to  the  lymphatic  or  bhxHJ- 
eirculatiou  without  causing  a  lesion  at  the  point  of  cntnince.  Their 
<lej>osit  in  some  internal  organ  then  oe<'asions  the  first  or  primary 
focus  of  disMi.se.  Thus  primary  tuberculosis  of  the  mes«>nteric 
glands,  of  the  lymphatic  glands  of  the  neck,  or  of  the  post- 
bronchial  glands,  may  occur  witliout  primary  disease  of  the  intes- 
tines, of  the  mouth  or  skin,  or  of  the  lungs  in  the  several  instances. 
Similarly  primary  tuberi'ulosis  of  the  kitlney  or  of  the  suprarenal 
capsule  may  occuir  without  any  evidence  of  the  point  of  entrance 
of  the  micro-organisms.  In  some  eases,  of  course,  the  primary 
lesion  may  be  so  small  and  in  such  a  hidden  situation  that  it 
escapes  notice. 

After  the  discovery  of  the  tubcrclc-liacilliis  a  nujubcr  of  diseases 
not  previously  recognized  as  tuberculous  l)ccame  idcntitie<l  as 
forms  of  this  disease.  Among  the.se  is  Lupun  Vufgurin  of  the  skin. 
The  histologic  examination  shows  numerous  tuberculous  granula- 
tions, sometimes  arranged  iu  striate  fa.shion  along  the  small  bloo<I- 
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vessels  of  the  skin  and  containing  epithelioid  and  lymphoid  oells 
and  giant-Cells.  The  presence  of  the  bacilli  and  the  proved  infec- 
tiousness of  the  tissue,  with  the  histolog)',  render  the  nature  of  this 
disease  certain.  The  warty  formations  IVetjuently  aeijuired  by 
anatomists  at  jwints  of  injury  have  likewise  been  shown  to  be  in 
manv  cases  due  to  tubercidoiis  infection.  Srroj'uln,  whieli  wjus 
formerly  regarded  as  a  speeiai  conilitinn  predispositijr  stroufrlyto 
tuljerculosis,  is  now  regartlcd  as  tiiliereulosis  iiecnrriujf  in  difiereiit 
forms  and  situations.  The  scrofulous  jj^lands  of  the  neck  consti- 
tute tuberculous  adenitis,  the  infection  in  many  cases  gaining 
access  through  the  mucous  membnines  of  tiie  mouth  and  pharynx 
or  through  the  skin.  .Scrofulous  rhinitis  and  sinuses  have  simi- 
larly been  sliown  to  be  forms  of  tuberculous  disease.  Many  cases 
of  joint-disease  regarded  as  scrofulous  or  otherwise  are  dependent 
upon  the  action  of  the  tubercle-bacillus. 

The  Smegma  BaciUns. — A  bacillus  quite  closely  resembling  the  tubercle- 
bacillus  wan  discuvt-rcd  in  the  smegma  and  later  nn  the  skin  of  various 
p«rta  of  the  body.  It  not  only  resembles  the  tubercle-bacillus  morpho- 
logically, but  behaves  in  a  similar  manner  tnward  stains.  In  |inrticular  this 
bacillus  holds  its  stain  when  attempts  arc  made  to  decolorize  with  acids. 
The  bacillus  is  frequently  found  in  urine,  and  thus  may  cause  an  erroiu^nus 
diagnosis  of  tuberculosis  of  the  kidney  or  bladder,  it  may  usually,  thou{;h 
not  certainly,  be  distinf^uisbed  by  its  easy  discolorization  with  absolute 
alcohol. 

Other  Acid-proof  Bacilli. — .'^overnl  other  biiciili  that  are  rerractury  to 
decoloriziition  with  acid  or  alcohol  have  been  discovered  in  milk  and  butter, 
in  sputa,  iind  in  purulent  or  gangrenous  collections  in  the  lungs  and  else- 
where.    Injections  of  pure  cultures  of  some  of  these  cause  fibrinous    in- 
LHammations  in  the  pentimeum  of  guinea-pigs  and  rabbits,  or  pseudotuber- 
rculous  fomiation.s,  but  not  the  specific  lesions  of  tuberculosis. 

The  lesions  resulting  from  inoculation  ivilli  acid-liist  bacilli  show  a 
striking  resemblance  to  thase  of  tuberriilosis,  and  only  .1  careful  microscopic 
examination  serves  to  distinguish  them.  Examine<l  wilb  a  microscope,  the 
lesions  of  this  spurious  tuberculosis  present  a  more  inflaniniatory  appear- 
ance and  show  a  tendency  toward  abscess-formiition.  In  very  rare  instances, 
however,  an  approach  toward  the  typical  histologic  conditions  of  jrenuine 
tuberculosis,  characteriied  by  the  formation  nf  giant-cells,  epithelioid  cells, 
and  caseation,  is  seen  in  this  fi>rm  of  pseuflotubcn-ulosis. 

Latent  Tuberculosis. — .A.  tuberculous  lesion  nv,\y  bwomc  encap- 
sulatcil  and  limite<l  in  its  extent  belbre  it  has  invaded  tissue.'? 
widely,  and  may  so  rcmaiti  for  years  without  giving  rise  to  titani- 
fest  clinical  symptoms.  Subsequently,  however,  the  encajisidating 
membt^ane  may  be  penetrated  and  widespread  infeetioii,  loeal  or 
general,  may  occur.  Such  latent  tuberculosis  is  particularly  fre- 
quent in  the  post-bronchial  glands.  These  glands  an.'  often  found 
enlat^ge<l  at  atitopsies  in  which  no  tuberculous  di.sea.se  of  tither 
orgjins  is  found.  Inje<!tionsof  enmlsir>ns  of  such  glands  in  a  nota- 
ble proportion  of  cases  prwluee  tulxTculosis  in  guinea-pigs,  and 
thu.-.  it  nas  been  det<'rmin<'<|  that  the  glantls  in  question  are  fre- 
quently the  seat  of  latent  tuberculous  dis4'ase.  The  existence  of 
~  Itch   lesions  e.xplains   the   ca.scs  of  sudden   generalized  miliary 
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tiibon;iilt)sis,  in  which  no  primary  focus  of  the  disease  was  recog- 
nizwl  (luring  lite. 

Pathologic  Physiology. — Tlio  effwt  of  tiihfn-ulosi-j  upon 
the  jrtneral   health  varies  jireatly.     Undoiihtedly  the  bacillus  i> 
capable  of  |>r<)<liieiiij^  tfixius  that  have  an  oHeet  upon  the  jn-neral 
oripinisin  ;  the   nature  yf  these,   however,  still   retuuiiis   undeter-  ^ 
mined.     The  tiiberenlin  uf  Ktx^h,  a  glycerin-extract  from  cultures  ^ 
of  the  tiiberck'-haeilliis,   produces   fever  with  general   .symptoms 
such  a.s  are  freijueiitly  a.s.s<jciatetl  with  pyrexia  and  local  reactive  ^ 
changes  in  existing  tuberculous  lesions.     Among  the  latter  redness  fl 
or  increased  vascularization  of  the  tubercles,  and  softening  or  ne- 
crosis of  the  c<'lls  surnnitiiling  the  bacilli,  are  most  im|)ortant.    The 
last-named  change  deters   the  growth  anti  multiplieation  of  the 
bacilli  themselves,  but  at  the  same   time   makes  their  escajie  from 
the  fwus  of  di.sease  more  easy  and  tluis  exposes  the  individual  to 
the  liability  of  genei-al  infection.     The  active  substance  contained 
in   tuberculin    is  probably  ;in  albTnniuou.s  botly.     It  docs  not  act 
upon   tlie  litbercle-bacilliis  directly  and  is  not  an  antitoxin.     In 
addititjn   tn  this  tlie  tiilH'ri'l<--l)arillus  in   its  <lcad  .state  contains 
some  budy  nr  bodies  caitablc  of  intbieneiug  the  organism,  as  was  | 
shown  by  the  experiments  of  I'nidiicn  ami  HcKlenpyl,  who  were] 
able  to  ])roduce  mxlular  lesions  and  small  hx-al  abscesses  by  iu- 
jcetiug  dead  bacilli  into  the  circulation  of  auinuils.     These  lesions, ! 
of  (Miurse,  are  not  strictly  tuberculous,  though  they  ]Kisse,ss  some' 
elements  of  tin-  natural  tubercle.      It  is  altogether  jmibable,  how- 
ever, that  in  addition  tn  (lie  tuberculin  of  Koch   and  the  chemi> 
tactic   substances  containwl   in    the  body  of  the  tubercle-bacil 
there  aiv  other  poisonous  substances  produced  by  the  growth  an't 
multiplication  of  the   bacilli   in  the  tissues,  that  lead  to  a  general  I 
deterioration  in  the  health  of  victims  of  this  di.sease. 

Tubereulnsis  is  primarily  a  Incal  jirocess,  but  influences  the] 
genenil  organism  by  its  direct  (>ffcct  u])on  the  organic  functions  of  I 
the  j»arts  in  which  it  is  locate<l  by  the  development  ofthe.se  as  yet 
unknown  toxic  substances,  anil  later  by  the  widespread  infection 
of  the  org-anism.     The  mechanism  of  defence  against  tuberculosis 
is  only  partly  known.      In  the  case  of  loeal  lesions  of  the  lungs  or' 
other  ))arts  the  reaction  of  the  tissues  (irobably  resulting  fnjm  the 
activity  of  cliemotactic  .■substances  in  the  bo<ly  of  the  bacilli  them- 
selves, or  of  similar  substances  pnMluccd  by  the  cellular  necrosis, | 
leads  to  the  formation  of  an  embankment  of  cellidar  or  fibrous 
tissue  that  serves  to  hold  tlie  <lisease  in  check.     Subsequently  the 
disease  may  be  wholly  enidieated  by  detrencrative  changes  termi- 
nating   in    calcification.       That    such    favond)le    result.s   are    not 
uncommon   is  proved  by  the  frequent  occurrence  at  autopsies  of  ( 
small  sclei-otic  or  calcareous  areas  in  the   lungs.     Tuberculosis  iaj 
frequently  cured  in  these  early  stages,  but  after  it  has  reached  thol 
degree  of  intensity  i>r  the  widespread  character  that  nmkes  it  recog-' 
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niaihle  by  our  |)rt'sciit  iiu'tlRwls  of  pliysieal  examination,  the  reactive 
pnicesses  are  usually  iio  IniigcT  able  to  c(tpo  with  its  progress. 


FOWL-TUBERCULOSrS. 

Tulicrculosis  in  various  iiirnis  of  fowl  ant!  Iiirtis  (avian  tubtT- 
culosis,  tulierculosis  piUinannn)  is  a  tii.'-easi'  similar  to,  init  not 
identical  with,  human  tnberoitlosis.  The  sjKiiitaneons  disi'ase  of 
birtls  ocvurs  most  friijiimtly  in  the  liver,  the  Inngrt  being  never 
primarily  involved.  In  thi-  liver  are  fonnil  nodule.-i  eonijxxsed  of 
round-cells,  but  showing  littli'  tendency  to  conpulatiou-necrosis  or 
to  the  formation  uf  giaiit-i-clls.  The  structural  and  eultund  dif- 
ferenccs  uf  the  human  ami  avian  bacilli  have  been  discussed  on 
page  244. 

I  Experimeutal  inoculations  of  baeilli  isolated  from  the  sponta- 
neous disea.se  will  i^rodiifc  the  same  ilisca.se  in  birds;  but  if  animals, 
such  as  guinea-pigs  or  <logs.  wliieh  arc  very  susceptible  to  hnnian 
tuberculosis, are  inoculatcil,  tiiev  frce|iiently  ri'sisl  iiifecfioii,  though 
they  ocea-sionally  .succuml».  In  the  latter  c;ise  tubercles  an'  usually 
absent,  but  large  numliers  of  bacilli  arc  found  in  the  organs  and 
in  the  absfes.ses  which  result  at  the  point  of  inoculation.  Accord- 
ing to  Nix-ard,  rabbits  show  a  marked  degree  of  su.scejitibility  to 
this  form  of  tnberenlosis. 

Although  thiTe  is  nn  doubt  but  that  fowl  in  sonic  instances 
have  Ix'come  infected  tbnMigh  human  sour'ch,  yet  experimentally 
they  exhibit  a  ven,-  high  degree  of  resistance  to  human  baeilli. 
If,  however,  the  human  l»aeilti  are  passctl  through  birds  fitr  three 
or  four  generations,  or  an-  placed  in  the  peritfinciuu  of  fowl  in 
collfMlion  sacs  for  the  sanie  length  of  time,  the  virulence  to  birtls 

lis  not  only  heightened,  but  the  ti.ieillus  eliangcs  in  its  sirnctural 
an<l  culturtd  chantcteristics,  assuming  those  of  the  bacillus  isolated 

[froni  spontaneous  avian  tuberculosis.     The  same  is  true  of  avian 

[bncilli  when  these  are  inoculated  in  animals  susceptible  to  human 
bacilli.     Witii  each  {tassagc  through  such  an  animal  the  virulence 

[of  the  bacillus  is  increased  .-uul   (he  form  and  cultural  ehnnieter- 
fstics  become  more  ami   more  lilcc  tlio^^c  of  thi'  hnmim  bucilhis. 
From  these  experiments  it  a]i]re!ir--  that  tbr  avian  tubercle  bacillus 
^_is  onlv  a  mo<lification  of  the  urdiuarv  tubercle  bacillus  causeil  liy 


PSEUDOTUBERCULOSIS. 


This  name  has  been  applied  to  conditions    occasionally  met 
ith  in  which  nodular  lesions  re,sembling  tubercles,  but  containing 
■tnicrf>-organisms  of  difterent  kinds,  have  been  found  in  the  liver, 
kidneys,  and  other  orgsuis.     Psendotuberculo.sis  is  not  a  specific 
isease,  as  a  nundxtr  of  distinct  infections  assume  this  pathologic 
17 
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character.  Am  imp  tlio  organisms  isolated  are  various  .stropto- 
tlirioes  or  sifid-pniof  Imcilli  resembling  the  tubercle  liarilbL-i  to 
stime  ext*>nt  (see  {wpe  2/J.5).  In  the  lower  animals,  and  very  nirely 
in  man,  certain  animal  parasites  cause  lesions  of  the  same  kind. 

PneumonomyeoHi  AtpfrgiUina. — In  man  and  in  animals  pulmonary  infec- 
tion with  formH  of  ospergillus,  especially  A.  /umit/nlut,  may  f>ci-ur  in  a 
pReudotuberculoQH  form.  The  lesionH  are  exudative  and  proliferative,  and 
central  caseation  may  be  conspicuous.  The  fungi  which  belong  to  the 
group  of  hmhomycfta  are  readily  distinguished  by  the  abundant  myceUal 
tbrends  and  the  conidia.  Infection  of  other  organs  may  occur  sponta- 
neously or  experimentally. 

LEPROSY. 

Definition. — Leprosy,  Lepra,  or  Elephantiasis  Grsecoruin,  is 
an  infectious  and  mildly  contagious  disease  caused  by  a  specific 
bacillus,  the  Bacillus  lepra*,  discovered  by  Hansen. 

Ktiology. — The  essential  cause  of  leprosy  is  a  bacillus  which 
closely  resembles  the  tubercle-bacillus,  though  it  is  less  frequently 
curved  and  i-s  somewhat  more  easily  stained.  Further,  it  differs 
in  its  grouping  in  the  tissues  and  in  its  failure  U\  grow  satisfac- 
torily on  artificial  media.  The  orgjinism  i-  usually  iound  in  large 
numbers  in  the  leprous  lesion  and  in  the  nasal  mucus,  whether 
there  be  definite  leprous  ulcerations  in  the  nose  or  not.  It  is 
readily  stained  by  any  of  the  methods  applicable  for  the  tulwrcle- 
bacilti  or  by  Gram's  metluwl.  It  fretjnently  shows  light  areas 
like  those  of  the  tubercle-bacillus,  and  these  have  been  regarded 
as  spores  ;  more  probably  they  are  protluced  by  fragmentations, 
as  in  the  case  of  the  tubercle-ljacillus.  Attempts  at  culture  have 
thus  far  been  unsuccessful,  though  Neisser  claims  to  have  ob- 
tained cultures  on  blood-serum  contjiining  gelatin  and  on  coagu- 
lated egg-albumin.  Others  have  claimid  definite  results  with 
similar  media,  but  cultivation  al  the  present  time  is  not  ordinarily 
possible. 

The  specific  nature  of  the  bacillus  has  not  been  demonstrated, 
as  it  is  almost,  if  not  entirely,  imjMjssible  to  produce  the  disease 
in  animals.  Sonic  successful  experiments  have  been  made  by 
inoculating  portiniis  of  li'|tnius  tissue  in  the  anterior  chamber  oi 
the  eyt>  or  other  jwrts  of  iintniiils  ;  Ivut  definite  gerH'ralize<l  leprosy 
has  not  bccT)  thus  liir  prtMluced.  In  one  ca.se  the  disease  has  been 
given  to  a  condemned  criminal  by  direct  inoculation. 

Besides  the  specific  bacillas  other  conditions  are  im]Kirtant  in 
the  etiology.  Thus  the  disease  flourishes  in  certain  IfK-alitics 
extensively  and  little  in  other  places.  It  is  tmcommon  in  the 
United  States,  but  some  of  the  (iulf  States,  particularly  Louisiana, 
have  considenible  colonies,  and  in  the  Northwest  and  on  the  Pacific 
Coast  it  is  met  with  among  tl  e  Norwegian  and  Chinese  immi- 
grants.    In  Mexico,  Sontli  America,  Norway  and  Sweden,  India, 


W— Nixlul«r  Itprijsy  (lidlilsollliiHltl 


Pathologic  Anatomy. — Ijcpmsy  prostnts*  itscH"  in  two 
forms,  tlie  tuhrrcnlar  iind  tin'  (t>ii-nf}ictir  form.  In  thf  former  there 
arc  (levclnpod  in  the  «kiu  of  tlie  face,  the  extensor  surfaces  of  (he 
elbows  and  knees,  alioiit  the  hnnds,  or  less  frc(|Ui'nily  clsewliere, 
f>niall  or  lar>.'e  ncxhiiar  elevations.  These  at  first  are  reddish  in 
eolor,  witii  aj)jKirent  iiiflaiiinuitory  n^aetiou.  Later  they  lose  their 
redness  and  remain  as  indolent  lesions  that  jrrow  very  slowly  or 


260 


TEXT-BOOK  OF  PATHOLOGY. 


n^main  statioiiarv.  They  may  break  down,  forming  ulcerations 
wliifli  d(i  not  readily  henl,  or  they  may  be  gi-adimlly  eonverted 
into  tihrmis  uicatririal  tissue,  caiisiiifr  unsij^htly  ik-iiinnities  of  the 
skin.  Tho  ajijK'ardiice  of  the  patient's  faee  is  hijrhly  eharaeteristir, 
and  is  known  a.s  himtiamis  lepmm  (Fig.  9fi).  The  niucous  mem- 
Imaii's  and  sume  of  the  internal  organs  may  l>e  involved.  The 
anesthetie  form  is  usually  marked  by  less  conspieuous  lesions,  hut 
subjeetive  symptoms,  sneh  as  hypen'stliesia  and  neuralgic  paia«, 
anti  later  ulcfratiuns  |)artly  tr  ipliic  in  natuns  may  make  it  a  more 
serious  varietv.  In  llic  skin  there  are  Hiund  whitisli  or  brownish 
s|)ots,  slightly  if  at  all  elevati'd  or  altcn*d  in  consisteney.  Later, 
ulcerations  may  appear.  Very  eommoidy  tla-  anesthetic  and 
tuhereidar  varietiej*  are  coexistent. 

The  noilules  oceurring  in  the  liver,  spleen,  and  testes  in  this 
disease  are  .nlmitted  to  be  similar  to  the  nixlules  of  tile  skin: 
those  found  in  the  lungs,  kidneys,  and  intestines,  as  well  a.s  those 
of  the  serous  sin-fii<'f>,  are  liclii'ved  by  numy  to  be  tnben'ulous  and 
tlie  result  of  secondary  infeetion.  Theae  two  di-^eases  are  certainly 
frecjuently  associated  ;  i)roljat>ly  40  per  cent,  of  the  cases  of  lepra 
become  tuberculous. 

OtiiiT  fnnn.s  of  secondary  ialeetion  occur,  thus  injuries  of 
superficial  lesions  may  allow  pyogenic  infection,  and  extensive 
ulcerations  and  gangrenous  necrosis  may  ensue.  The  terms  lepm 
mutilans  and  Icprft  (fiiuifrfenmn  are  apj)lied  to  .sueli ;  and  various 
micrococci  auu  saprophytic  organisms  have  been  discovered  io 
such  cases. 

Structure  of  the  Leprous  Lesions. — The  nodule  or  leproma  is  a 
somewhat  indurated  growth  res<.'ml)ling  the  tubercle,  but  differing 
from  it  in  its  greater  vascularity  and  in  the  absence  of  tlie  ten- 
dency to  cheesy  necrosis.  Microscopically  it  is  composed  very 
largely  of  proliferated  connective-tissue  cells  of  different  forms, 
and  lenkocyt!-s.  New  blood-vessels  are  discovered  in  more  or  less 
abundance,  and  a  tendency  to  comjdete  organization  with  the 
formation  of  fd>rous  tissue  may  be  seen  in  the  chanicter  of  the 
cells  and  the  |>rescnce  of  tibrous  intercellular  material.  The 
l>acilli  occur  witiiin  tla-  cells  and  pos.sibly  also  between  them. 
They  are  always  found  in  groups  and  usually  in  large  numbers. 
They  multi[)ly  within  the  cells,  the  fjrotoplasni  of  the  latter  at  the 
same  time  undergoing  a  process  of  swelling  and  degeneration. 
This  at  first  spares  the  nucleus,  but  finally  the  nucleus  itself  is 
broken  down  an<l  the  cell  is  thus  converted  into  a  sac  containing 
degenerated  ]>ri>t(>plasni  and  abundant  bacilli  (Fig.  07).  The  term 
Irpm-crll  has  been  given  to  these.  Giant-cells  may  be  formc<l, 
though  they  ar<?  not  frequent  and  are  rarely  tvpical.  Secondary 
infections  or  injuries  tniiv  lead  to  snppumtive  or  other  forms  of 
8of\eninir,  and  the  final  Icrntination  either  with  orrvithout  previous 
softening  may  be  cicatrization.     The  lesions  of  the  internal  organs 
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met  with  in  some  leprous  castas,  iioUibly  those  of  tlie  hiugs,  intes- 
tine, kitlney,  and  st'i-oiis  .surliiees,  ure  avu.-*cuhu-,  slmw  more  tcndi/ucy 
to  necrosis,  and  euntaiii   umre  giant-veils  ;    in   some  eases  iiiocii- 
lation  has  simwed   lliat   the   lesioiit:  eun- 
tained  tuberole-l)afilli.    Whetlior  they  are     j 
strictly   tubercles,    or  whetiier   tlicy   are 
leprotuatu  with  secoiulary  infection  with     | 
tubercle-bacilli,  cannot  be  decided.    They     I 
are  certainly  not   pure  leprosy,  and  more     i-^^'^^ 
probably  are  piirelv  tiibereiihuis. 

The  anesthetic  areas  anil  pijrtiiented 
or  lijrht-eolored  spots  of  the  anesthetic 
form  present  somewhat  the  same  his- 
tologic features  as   the    leprous    nodule, 


though  in  a  diffuse  form.  Fonnerly  ,ep'r,[°c:e;nKi"^'™»rs,!L'!uiV 
these  lesions  were  eivnsiilercd  eiuirdy  the 

result  of  trophic  chnnges.  In  these  «ises  tlie  more  conspicuous 
lesion  is  that  of  the  nerves.  These  mav  shf>w  nodiihir  thieUcning 
of  the  perincnrinm  with  iuHaniniatury  ami  degeueriUive  ehauges 
of  the  nerve  itself.  The  liaeilli  are  present  in  these  lesions. 
Changes  in  the  spinal  cord   have  occasionally  been  discovered. 

Pathologic  Physiology. — Infection  with  the  lepra-liacilhis 
leads  to  local  rather  ifiau  geuund  distnrl)aiK-es.  The  to.xins  of  the 
disease,  if  sudi  then'  he,  are  not  of  great  virulenee,  and  e<institii- 
!■  tional  symptoms  are  therefore  wanting  as  a  rule.  In  the  later 
'  istages  fever  and  other  systemic  disonlers  may  be  oeeasioned  by 
secondary  infections.  A  supposed  antitoxic  substance  has  been 
prepare<l  ami  has  been  largely  used.  It  is  impossible  to  claim  or 
disclaim  the  antitoxie  nature  of  this,  as  no  toxins  have  as  yet  been 
isolatetl  or  obtained  in  any  form,  and  the  supposed  antitoxic  sub- 

■  btances  cannot  therefore  be  tested. 
In  the  anesthetic  form  it  was  formerly  customar)'  to  regard  the 
pigment  or  liglit-colorefJ  spots  as  a  result  of  trophic  disturbance, 
an<l  more  destructive  lesions,  such  as  ulceration  and  g-angrene, 
receiveil  a  similar  explanation.  Keccnt  investigations,  however, 
Beem  to  show  that  in  these  eases  there  is  usually  from  the  first  a 
leprous  change  in  the  tis.sues,  and  that  s<'coiulary  infections  fre- 
quently play  a  jmrt,  though  trophic  distiirlvauees  must  still  be 
adinittetl  to  a  certain  extent. 


I 


GLANDERS. 


Definition. — filanders  is  an  infectious  and  contagious  disease 
of  horses  and  as.se8,  sometimes  conmiimicatcd  to  other  animals  and 

■  to  man,  and  caused  by  a  specific  bacillus. 
Etiology. — The  Bticillus  mallei  was  discovered  by  Loffler  and 
Schutz.      It   is  an   organism    resembling    the    tubercle-bacillus. 


262 


TEXTBOOK  OF  PATHOLOOY. 


thougli  sominvliat  shorter  ami  tliiokiT.  It  «icciirs  in  the  lesions  of 
the  disease  sinfjly  or  in  t-liiiiips,  mid  Itas  been  t'ouiul  in  the  blood. 
The  bacillus  is  noii-niotile  and  does  not  jxjssess  flagella.  Stained 
speeiinens  «!iovv  parts  that  do  not  reeeive  tlie  stain.  Those  have 
been  reg-anled  as  s])ori's,  but  are  more  generally  tlunijijbt  tu  Ik- areas 
of  det;i-iK'ratioii.  Orilinarv  sobitioiis  ol'aniliiv  ilyes,  and  <'S})eeially 
alkaline  solutions,  stain  the  orfjanism  very  well.  The  demonstra- 
tion of  the  bacillus  iii  the  tissues  requires  prolonged  staiuiiig  and 
rapid  deeolorizatioi). 

Cultivation. — ( 'ultnrea  are  best  obtuined  from  softenetl  niMJules 
of"  gninea-pifis  inucnlated  with  infected  jtns,  or  from  the  testieles 
after  injection  of  inU'ctive  matter  into  the  peritoneal  cavity.  The 
ortpitiisin  fjrows  ipiite  readily  Ht>on  ordinary  nieilia,  init  the  must 
eliaracteristic  cultinv  is  seen  npon  boiled  potato.  The  colony 
rtr.st  a]>i)car!i  as  a  honuy-like  layer,  which  lieeonies  brownish  in 
color.  The  |>otatM  itself  becomes  greenish-brown  beneath  and 
around  the  colony.  The  cultivation  is  nu>st  suceessfnl  between 
30"  and  40°  t'.  m"  and  KH"^  F.). 

Dryinji  and  elevated  tempenitiires  rajiidly  destroy  the  organ- 
ism, and  antiseptics  kill  it  (piite  reatlily.  The  bacillus  is  a  j)ure 
parasite,  multiplying  only  in  the  body  of  infeeteil  nninuds  or 
man. 

Pathogenicity. — The  >pecilic  character  of  tlie  bacillus  is  mupies- 
tionable.  Inoculation  of  guinea-pigs,  rabbit.s,  (ie!d-niie<',  or  other 
animals  with  infected  pus  or  with  pure  cultures  leads  to  no<lular 
lesions  at  the  jwiint  of  introduction,  with  .subsequent  ."^oftening  and 
ulceration.  .U'ter  death  nodules  are  found  in  the  liver,  spleen, 
kidneys,  or  other  organs,  and  these  co?)fain  the  liacilli.  In  ho^se^5 
and  assr'^  eliaraeteristic  lesions  of  the  uiucon.-  membranes  have 
been  |irnduecil  experiuieutally  ;  while  in  iiuiu  accidental  infection 
ol'  bostiers  or  otiiers  coming  in  contact  with  disea.sed  animals,  and 
of  bacteriologists  working  with  (rLilturcs,  Ims  been  repeatedly 
observed.  In  one  ea.se  in  my  own  knowledge  a  man  was  infeeti.Ml 
in  a  .stable  in  which  a  glandered  horse  was  kept,  and  the  i)aeteri- 
ologist  who  i.solated  the  organisms  from  the  patient  accidentally 
infected   himself  with  the  cultures. 

Pathologic  Anatomy. — In  horses  ghuidei-s  prcsMits  eharae- 
tcriiitic  lesions  of  the  muco.si  of  the  nose\  At  first  there  are  found 
slightly  elevated  uimIuIcs,  which  have  a  marke<!  tendency  to  soften, 
forming  irregular  ulceralious  that  become  confliU'Ut.  The  floor 
ami  edges  of  the  idcers  arc  yellowish  and  necrotic  in  a])|)earance. 
inid  ilischurge  more  or  less  pnrident  nwtter.  The  lymphatic  glands 
of  the  neck  and  elsewhere  enlarge  anil  may  snjipiirate.  In  the 
skin  the  le.sions  are  much  the  same,  but  more  sliiggi.sh.  Nodidw 
are  not  rarely  met  with  in  the  lungs.  These  are  grayish  or  pink- 
ish in  color,  and  t<'n<l  to  raj>td  necrosis.  More  rarely  ntKlnies  or 
ulcers  arc  fbuud  in  the  mucosa  of  the  ga.stro-iute.stinal  tract. 
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In  man  similar  nodules  and  ulcerations  may  be  found  in  the 
nose,  larynx,  or  trachea  ;  and  external  lesions  rescnihliutr  sniall  or 
hir^re  (•arinmcles  an-  found. 

Histologieallv  tin-  irsinns  of  <rl:in(lers  consist  of  aj:^R'j;;itiouH 
of  mund  ceils  of  lym|ilioi<l  oi-  jvoiyruurjiluiiuu'lenr  type.  There  is 
a  marked  t<>ndency  to  su]i]nirjtive  or  necrotic  softening,  and  some- 
times hemorrhairic  intiltnitinti  nuiy  lie  promiiincctl. 

Pathologic  Physiology. — A  toxic  suhstance  called  maflein 
(a  bacterial  j)roti'in)  has  ix'cu  uhtuiiicrl  (Voiu  cultnn's  oi' the  l)!ietlli. 
Injecteil  into  infeetctl  animals  this  acts  somewhat  as  does  tiiherru- 
lin  in  tuberculosis.  A  siu-cial  to.xin  i.'^  pr<>l)al»ly  ai'tive  in  the  pro- 
duction of  the  general  synii)toni!i  of  tlie  disease.  \\y  repeated 
dosage  with  mullein  it  i.s  claimed  that  immunity  may  be  con- 
fem»d. 

MALIGNANT  EDEMA. 

Definition. — Malignant  edema  is  a  form  ui'  intense  infet.'tive 
inflammation  and  necrosis  observed  in  certain  animals  and  in  man, 
and  is  due  to  a  sjK-citic  micro-orfianism.  The  condition  has  fre- 
quently been  desi'riheil  by  fliniciaiis  as  gaseous  gangrene,  trauituitic 
gangrene,  gangrene  finidroyariie,  etc.  Infectious  eiiijihy.senia  (q,  v.) 
has  doubtless  often  been  mistaken  for  this  disease. 

Etiology. — The  miero-orgjiuisin  oi'  mahgiiant  eilciiia  was  de- 
s<'rilKHl  by  Pasteur  and  nameil  tlie  T76ci'o)t  xepllijite.  Koch  showed 
that  it  doo.s  not  tlourisli  in  tise  blood,  and  tliat  the  name  given  hy 
Pasteur  is  therefore  not  ap|iro|iriate.  He  tlierefore  named  if  Bn- 
rif/iiM  rrdtmudin  malif/ni.  Tiii.-.  organi~m  is  widely  di^triltnted.  It 
is  very  cmnnionlv  jireseiit  in  I  he  soil.  p;irti(  iilarly  in  ganlen-eartli, 
and  is  often  found  in  clnst  ami  in  tiie  inti>tinal  routints  of  animals. 
IntHKluccd  into  the  subcutaneourt  ti.s.>iue  of  animals  it  multiplies 
greatly  and  set.s  up  a  violent  local  pnx-ess.  The  bacilli  are  rcinlily 
obtained  from  the  disea.s«>(l  area,  ami  may  hi"  stained  witli  the 
onlinarv  anilin  dyes,  hut  not  hy  (iram's  mctlnKl.  The  bai'ilhis 
resembles  the  anthnt.x-baeillus  very  closely,  lint  is  sonu'what  more 
slender.  It  is  prone  to  tK-cur  in  long  chains,  the  organisms  lieing 
apparently  in  contact  end  to  end.  Movement  of  the  organisms  is 
frc<iucntlv  observed,  and  lateral  tlagcihi  are  foimd  by  ap])r(>priate 
stains.  In  the  s|>ore-formatii>n  tfie  center  of  iln'  organism  swells 
and  the  sjwre  is  developed  within. 

CnltiTatdon. — The  eultlvation  of  this  organism  is  gcni-ndly  easy. 
White  mice  or  other  susceptible  animals  arc  first  infected  hy  inti-o- 
dncing  powdered  gartlen-earth  into  a  subcutaneous  sac.  Direct 
infection  of  the  open  wound  will  not  .succee<l,  as  the  organism  is 
strictly  anaeroiiic. 

Fnjm  the  pus  in  the  siiltcutaneous  tissues  growths  may  be  ob- 
tnine<]  upon  the  surface  of  gelatin  in  an  atmosphere  of  hydrogen, 
or  in  puncture-cultures  in  gelatin  from  which  oxygen  has  Iwen 
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excluded.  Oil  the  siirfacc  of  the  >;elatiri  are  formed  small  grayish- 
white  bodies,  whifh  inerease  in  ^ize  witii  advancing  age.  Portions 
removed  from  the.se  and  stained  show  masses  of  bacilli  in  the 
form  of  long  iihmients.  In  the  gelatin-tulje 
there  are  formed  wiiilisii  !5])l)erieai  colonies  of 
a  .sonjfwhat  chaidy  a]»[>ear;inee.  Tliese  i-on.>^ist 
of  a  tiirl)iii  liijiiid,  tile  gelatin  iimlergoing  li<iue- 
faetion.  There  is  also  sonie  gii.s-pnidiK'tion,  the 
gas  formeil  liaving  a  peetdinr  and  unpleasant 
iMlor.  This  is  market!  wlicn  the  niediiini  con- 
tain? gluco.se  (Fig.  98) 

Distribution. — The  haeilUis  of  malignant 
edema  occurs  oidy  in  the  siilieiitaneous  tissues 
near  the  point  of  iuoenhition,  in  the  muscles, 
and  in  the  peritoneal  cavity  at  the  time  of 
death.  It  does  ni>t  invade  the  bloo<l,  as  the 
amount  of  oxygen  there  ])resent  prevents  its 
growth,  and  it  flourishes  in  the  subcutaneous 
tissue  liecaiise-  this  is  lea.st  aeeessihle  to  oxygen. 
In  bodies  dead  some  time  tlie  orgiinism  may 
sjiread  to  the  ldoo<l  and  the  organs  of  tlie  ImkIv. 
The  di,>-tritHitiiin  of  the  organisms  outside  the 
body  has  been  reierred  t<i. 

Pathogenicity. — Tlu>  l«>eilhis  of  malignant 
edema  is  undonbtedly  the  caii.-e  of  the  disease  iu 
fjuestion,  as  has  Ijeen  proved  by  iutx'ulations  ujwn 
mice,  guinea-pigs,  and  other  animals.  Cat.«  and 
dogs  are  less  susceptible  than  other  animals; 
cattle  seem  to  be  almost  wholly  imnnine. 

Pathologic  Anatomy. — The  lesions  of 
niidignant  edema  consist  of  various  forms  of 
rapid  suppuration  and  necrotic  inflammation  of  the  enlx'Utaneous 
tissues.  There  may  rapiiHy  form  emphysematous  and  gangrenous 
alterations  of  the  subcutaneous  tissues,  with  sometimes  pus  forma- 
tion, at  other  times  extensive  hemorrhagic  intiltratiou. 

Pathologic  Physiology.— Toxins  are  doulitless  formed,  but 
these  have  not  as  yet  received  special  attention.  Artitieial  im- 
munity has  been  secured  by  injections  of  sterilizetl  cultures  of  the 
bacillus  in  bouillon,  and  by  <tther  methods.  A  few  cases  of  malig- 
nant edema  have  been  report<'d  in  man,  some  following  injection 
of  musk  in  the  course  of  typhoid  fever,  some  occurring  in  the 
puerperinm,  and  some  apparently  without  external  injury.  Infec- 
tion in  the  latter  probably  occurred  from  the  mucous  surfaces.  In 
all  cases  the  general  vitality  of  the  patient  was  reduced  by  some 
previous  disease. 


Flu.  08.  —  Uucillus 
of  nmllgnxit  edema 
growing  In  gliicose- 
elatiii  (Friinkt'l   and 
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ANTHRAX. 

Definition. — Aiitlmix  is  a  specific  infection  due  to  a  cliariiu- 
teristic  hucilitis.  It  (jcciirs  most  irequentlv  in  cows  and  sheep;  it 
may  afl'ect  other  aninnils  and  num.  Dogs,  cats,  binls,  and  cold- 
blooded animals  arc  ijtiitc  iTniimuc.  In  iiniraals  it  is  called  splenic 
fever:  in  man,  malignant  pnsliilc  and  wnul-sortcrs"  disease. 

»EtiolOg;y. — The  F!(tcithi^  mitliracis  is  a  non-niutile  rod-shaped 
or^nism  that  has  a  decided  tendency  to  form  lonp  chains.  The 
individual  bacillus  is  from  5  to  20  /( in  length  and  iVora  1  to  1.25  fji 
in  thic-kness.  The  chains  appear  as  threads,  with  often  a  little 
thickening  at  the  ends  of  the  individual  liai'illi  slmwing  the  jwint.s 
of  contact.  The  ends  are  .sqnareti  or  ot'ten  slightly  conj'ave.  In 
artificial  cultures  in  the  presence  of  oxygen  spores  are  formed 
within  the  bacilli.  These  are  cllijitical  or  oval  in  shape,  and  do 
not  alter  the  contigumtiiui  of  the  tiacillus  (Fig.  9ft). 


Fie.  W.— BacUlua  uitbnvis,  atalncd  tu  show  the  spores  (Frgnkel  and  Pfeiaier), 

The  oi^nism  is  easily  stained  with  the  simple  anilin  dye.s,  and 
may  be  demonstrate*!  in  the  IiIikkI  or  the  tissues  by  Gram'.s  or 
Weigert's  stains.     There   arc  no  Hagclla. 

Cnltivation. — The  anthra.v-bacilhis  may  Iw  obtained  in  pure 
culture  from  the  diseased  org-ans  ujmjh  various  media.  Tiie  cul- 
ture in  gelatin  is  most  characteristic.  Upon  plates  tliere  are 
formed  whitish  colonics,  which  under  low  powers  of  the  micro- 
scope show  a  tufled,  irregidar  character  at  the  edges  and  u))(>n  the 
tirface,  suggesting  bunches  of  twisted  wool-filiers.  The  gelatin  i.s 
lightly  liquefied.  The  tufts  may  be  removed  by  pressing  a  cover- 
;lass  against  the  surface  of  the  colony,  and  when  .stained  arc  found 
lo  coasi.st  of  curved  parallel  chains  of  bacilli.  In  puncture- 
cultures  filaments  project  at  right  angles  to  the  puncture  toward 
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the  sides  of  the  test-tube,  and  tlie  jjrovxtli  at  the  surface,  where 
oxygen  is  abundant,  is  luxuriant,  while  tliat  in  the  depth  is  com- 
paratively spai-se. 

Pathogenicity. — The  1  n feet iveii ess  of  the  baeillus  is  undoubted. 
A  small  pnrtion  introdueed  intn  a  suseentible  animal  gives  rise  to 
marked  symptoms  in  twelve  or  twenty-tour  hours,  and  death  soon 
follows.  The  bacilli  may  Iw  demonstrated  in  the  blood  and  in 
various  organs  in  great  abundance.  When  the  bacillus  is  killed 
and  the  spores  are  introduced  into  the  body  similar  results  follow. 

Difltrlbution. — The  anthnix-bueillns  oceurs  in  all  of  the  hKul 
lesions,  and  from  these  extends  into  the  biooil  and  into  the  organs, 
f>articMlarly  the  spleen,  liver,  kidney,  and  limgs,  where  it  is 
found  in  tlie  capillaries  in  immense  numbers.  The  structure  of 
these  organs  is,  as  a  rule,  little  atteeted,  probtdily  because  death 
occurs  liefbre  changes  may  take  place.  The  organisms  are  dis- 
char^evl  from  the  body  in  the  stools,  urine,  and  other  discharges, 
and  thus  conveyed  to  other  animals.  \t  one  time  it  wa.s  sup- 
jwsed  that  they  are  scattered  about  by  earth-worms  ttbtaining 
them  from  catlavers.  This  is  scarcely  probable.  Multiplication 
of  the  organisms  outside  the  body  d(x»s  not  occur  to  any  extent, 
but  the  organisms,  and  particularly  the  spores,  may  live  a  long 
time,  and  may  be  conveyed  to  great  distances  in  infectetl  tnate- 
rials,  partienlarly   wool,  hiiles,  bristles,  and  the  like. 

Mode  of  Infection. — In  animals  iufectiim  nu»st  frecpiently  occurs 
through  the  gastro-intestinal  tract,  the  bacilli  being  swallowed 
with  foilder  that  has  been  contaminated.  The  orgjinisms  may, 
however,  gain  entrance  thiX)Ugh  the  limgs  or  through  external 
abrasions.  The  latter  form  of  infection  is  most  common  in 
man  :  though  ga.stm-intestinal  and  pulmonary  infection  sometinu>s 
occurs. 

Pathologic  Anatomy. — The  lesions  prt>duce<l  by  anthrax 
are  more  or  less  local,  but  tx'casion  general  septicemia.  In  man, 
after  infection  nf  the  skin  through  abnisions  in  persons  handlio!; 
the  hides  or  wimiI,  or  other  materials  from  diseased  animals,  a 
swelling  of  greater  or  less  size  develops.  This  is  intensely  in- 
flammatory, often  covered  aiul  surrounded  by  slight  bullous  vesi- 
cles, and  attended  with  coi)sidera!)le  edema.  Emsion  of  tlie  sur- 
face may  take  place  and  sanious  liquid  may  be  discharged,  with 
the  formation  of  crust.s.  Histologically  the  process  consi.sts  of 
rapid  infiltration  of  the  corium  and  papillary  bodies  with  leuko- 
cytes. The  liai'illi  are  foinul  in  al»uudance  between  the  cells,  and 
hemorrhagic  infiUrati<in  andsero-sangniuolent  etlenia  are  observed. 
Necrosis  subsequently  occurs,  though  not  tn  a  considerable  extent. 
When  infection  takes  place  through  the  gastro-intestinal  tract,  as 
is  sometimes  observed  in  man  and  very  commonly  in  animals. 
lesions  somewhat  like  tlie  al)ove  are  formed  in  the  mucosa 
and  submucosa  of  the  small  intestine,  less  frequently  of  other 
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parts.  At  first  tbesc  lesions  apppar  as  hcmorrliagic  extnivasa- 
tioas,  then  swelling  follows,  ami  tiiially  the  siirtaou  ulcerates,  leav- 
ing irregular  excavations  witli  l)linj<l-staiiit'il  hases  am!  e<lgerf. 
Profuse  diarrhea  witli  liltxxly  Ji^^'luirfjes  may  occur.  Iiifectiuii 
through  the  lungs  occurs  in  men  engaged  in  iiandliiig  infected 
wool  (wool-sorters'  disease),  and  in  jwrstms  working  in  paper-fac- 
tories, where  infe<'ted  nigs  carry  the  germs.  In  tliese  instances 
the  bacilli  lodge  in  the  alveoli  of  llie  hiiigs,  causing  rapid  i-clhilar 
exudation  with  considi>raitle  cilcuia  and  licniorriiagic  iiiJiltnition. 
The  prtK-ess  is  lobular  in  character,  i)Ut  large  areas  of  the  lungs 
inav  be  sinuiltancously  involved.  ScrosuigniiHiicnt  jilcurisy,  swell- 
ing of  the  lymphatic  ghuuls  of  the  inediastiuuiu,  and  lieniorrhagic 
extrava-sations  of  the  mediastiiinn)  are  not  unusual. 

Pathologic  Physiology. — The  presence  of  the  anthrax- 
bacilhis  leads  to  the'liniiiutiuii  of  toxic  materials  in  the  liluod,  and 
a  jfoisonous  albumose  has  been  obtained  from  cultures.  Tlic 
general  symptoms,  however,  arc  prolialily  in  large  measure  the 
result  of  dis.semination  of  the  bacilli  theni.selves  and  their  lov-al 
effects. 

It  has  been  found  possible  by  cultivation  at  high  temperatures 
and  by  introdin'ing  the  organisms  into  insusceptible  animals,  and 
also  by  adding  chemic-al  agents  to  cultures,  to  alter  the  pathogenic- 
ity of  the  bacillus  to  sitch  an  extent  as  to  maki'  it  hai'inless,  even 
to  white  mice.  Hy  introduction  of  such  cultures  and  suhse(picut 
successive  inoculation  with  cultures  of  increasing  virulence  pro- 
tection has  been  affonknl.  Antitoxic  substance^  have  been  obtained 
frf)ni  the  blood  of  ]irotectcd  animals,  but  the  method  of  successive 
vaci'inations  rather  than  the  use  of  antitoxic  serum  is  at  present 
relied  upon  to  combat  the  <lisease. 

I 

B  Definition. — This  term  is  provisionally  a]>]»licd  to  a  form 
^pf  inft-ction  that  has  been  described  uu<ler  various  names,  such  as 
gaseous  gtuigrcnc,  gjis-phlcgmun,  em|)bysematous  necrosis,  and  the 
like.  Undoubtedly  it  has  lieen  mistaken  liir  malignant  e<lcina  in 
certain  csi.ses.  The  dis<!ase  is  caused  by  the  Hacilhis  aerogenes 
capsniatus  of  Welch  and  Xuttall. 

Etiolog;y. — The  bacillus  in  fjuestion  is  a  uou-motili-  organism 
of  variable  .size,  .'5  to  (i  n  in  length  and  about  the  tliii'Uiic.ss  of  an 
authnix  liacillus,  with  adjat'cnt  cuds  slightly  rounded  i>r  stpiare 
cut,  and  OJ-curring  .singly,  in  ])airs,  einmps,  or  sometimi-s  in  short 
chains.  Yen.'  rarely  it  occurs  in  hmg  threads.  It  is  easily  st;iined 
wth  the  ordinary  anilin  dyes  or  (inim's  stain.  A  capsule  is  some- 
times demonstrable  in  speciuu^is  obtained  from  the  body  or 
from  agar-cultures.  The  bacillus  does  not  form  s]M)res,  It  is 
probably  identical  with  the  Bacillus  phlegmoues  emphysematossB 
of  Franliel. 
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Cultivation. — The  organ i.siii  is  atiaiToljtr,  iiu  growth  occurring 
on  tlie  surface  of  solid  media  in  the  presence  of  oxygen.  In 
media  eontaining  fernn-iitaltle  material  giis-formation  is  repularlv 
oli.-iiTVfd.  Tlie  colonies  in  npir  are  pravish-whitc  or  .slightly 
brownish  ;  those  in  the  deptji  a]([K'arii)g  as  small  spheres  or  ovals 
slightly  flattened,  with  knoli-like  or  featherk'  projections.  The 
cultures  iu  gelatin  show  slight  and  slowly  developing  liquefac- 
tion. 

Pathogenicity. — By  e.vperiments  on  animals  exactly  the  same 
lesions  are  prmliioe<l  as  tliose  found  in  man. 

Pathologic   Anatomy. — The  lesions  of  this  infection  are 
wiilespreail.     At    the   puiut    of  inoculation   there   may   he   found       i 
edematous  intiltnitiou,  with   blood-stained  Huid,  and  emphysema  fl 
due    to   gas-formation.      Rapid    necrosis    or    giingrenous    sot\en-  ^ 
ing  of  the  tissue   may   occur.     The  entire   surface  of  the   body 
sometimes  becomes  eniphysematous,  and  at  the  autopsy  the  organs, 
especially   the  mywardinm,  kidneys,  liver,  and  spleen,  present  a 
characteristic  ap[)eariiuce.     They  are  lighter  in  color,  and  on  in- 
spection are  found  to  be  tilled  witli  minute  vacuoles  or  gas-bub- 
bles.    The  bl<MMl  of  tlie  heart  and  ves.sels  presents  a  foamy  condi- 
tion, due  to  the  gas-formation.     Practically  any  of  the  tissues  of 
the  bmly  may  be  atfeeted.     Microscopically,  tin*  occurrence  of  ga»-       , 
vesicles  with  numerous  bacilli  in  their  walls  is  the  most  striking  ^M 
feature.  V 

Regtirding  the  niixJe  of  infection,  it  seems  likely  that  in  all 
cases  ttie  organisms  enter  through  some  injury  or  abrasion  con- 
nected with  the  external  vvorld.  Some  cases  have  followed  trau- 
matic injuries,  others  occur  in  conucctii>n  with  disease  marked  by 
ulcerations  of  the  surface  of  nin'-ous  membranes,  and  at  least  one 
instance  lias  been  carefully  studied  in  which  the  disease  occurred 
tltiring  the  puerperiuui,  probably  due  to  uterine  infection.  It  is 
not  improbable  that  nuuiy  of  the  cases  of  supposed  air-embolism 
from  douching  of  the  uterus  after  labor  are  in  reality  cases  of 
this  form  of  infection. 


TETANUS. 

Definition. — Tetanus  is  an  acute  infectious  disease  due  to  a  I 
specific  bacillus.  The  bacillus  of  tetanus  was  discovered  by  Nico-j 
laicr  and  isolated  by  Kitasato. 

Etiology. — The  btwilli  occur  in  the  ibrm  oi"  cylindrical  rods, 


which  are  frequently  swollen  at  one  end,  due  to  the  presence  of  a 

-ence  j 

though   occasionally   a   few    may   be   seen   end   to   end.      They 


rounded  siwre  (Fig.  100),    They  are  slightly  niotilc  in  the  absence^! 
of  air,  and  they  may  have  flagella.     They  usually  occur  singly,  ^^ 


occur  in  the  Irtcal  lesions  from  which  traumatic  tetanus  takes  its  ^^ 
origin,  and  may  sometimes  be  readily  demonstrate(l  l»v  spreading  ^| 
some  of  the  pus  or  exudate  upon  a  cover-glass  and  staining  witli 
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the  ordinan-  anilin  stains.  They  also  stain  l)v  Gram's  method. 
The  bacillus  does  not  difliise  itself"  tlirotigh  the  body,  but  in  a  few 
cases  it  has  been  found  in  the  central  nervous  system.  The  orj^an- 
ism  is  readily  destroyetl  l>y  heat,  but  its  spores  are  miite  i-esistaut. 

ColtiTation  of  the  tetanus-liaeilhis  is  dittieult.  It  is  obtained 
from  garden-earth  or  the  pus  of  infected  wounds  by  submitting 
the  material  to  sufficient  heat  to  destroy  other  organisms,  even  the 
bacillus  of  tetanus  itself,  leaving  the  spores  uninjured.  With  this 
material  animals  are  inoculated,  and  from  the  prfiductsof  the  local 
lesions  or  directly  from  the  original  material  eultm-es  are  made  in 
gelatin. 

The  organism  is  strictly  anai?n)bie.  Tlie  typical  culture  is 
obtained  in  the  depth  of  gelatin.     Deep  beneatli  the  surface  there 


Fio.  100.— Bacillus  ii'Wiii :   ■   Iiw  (Kninkfl  and  Pfelffer). 

are  formed  along  the  line  of  jiunc-ttire  pointed  jinicesses  stand- 
ing out  at  right  angles  irom  tln'  |)uncturc.  After  a  week  lique- 
faction of  the  gelatin  iwcurs,  and  an  accunudation  containing 
grayish-white  turbid  liquid  is  iitrnu'd.  When  thcgrowtli  is  fornnHl 
on  the  surface  of  gelatiti  in  an  atrtiosphcre  of  hydrogen  a  similar 
radiating  .structure  is  found  in  the  i',olr>nies,  the  centers  of  which 
are  nither  dense.  Lifpiefaction  of  the  gelatin  Hnbse<jucntly  takes 
lace.  Considerable  gas  with  a  piuigent  odi>r  is  produced  in  the 
>wth  of  this  bacillus. 

Distribution. — Tlic  tetanus-bafilliis  i^  fuuinl  very  fretiuentiy  in 
:ardcn-4'artli,   in   the  intestinal   discharges  of  anituals,  and   iqxin 
arious  articles  alxHit  stables.     Infection  (K-curs  in  human  beings 
or  animals  through  ])unctun's  made  by  nails,  si)lint<Ts,  and  the  like. 
Pathogenicity. — The  bacillus  placed  ujxm  an  open  wound  may 
not  give   rise  to  the   disease,   fri)ui    the   fact  that    the    presence 
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of  oxygen  |)revent8  its  growth.  Subcutaneous  inoculation,  how- 
ever, causes  rapid  destruction  of  animals  with  typical  symptoms. 
The  period  of  incubation  may  be  only  a  few  iiours,  or  one  or  two 
days,  or  it  may  lie  several  weeks,  The  association  of  certain 
other  organisms,  such  as  the  pus-pHnlucing  orgsmisms,  seems  to 
favor  the  development  of  the  disease  by  preventing  phagfKjytic 
action  of  lcnko(\vtes,  or  by  consuming  oxygen  and  thus  allowiiig 
the  tetanus-bacillus  to  flourish. 

Pathologic  Anatomy. — Xo  chamctcristic  lesions  are  found 
in  this  disciisc.  Lfically  a  wound  or  iiijiirv  through  which  inocu- 
lation has  taken  place  may  be  dis<'overed  ;  but  this  is  only  excep- 
tionally extensive.  .Simetinies  no  loeal  injur}'  can  be  discovered, 
and  it  is  supposed  that  infection  at  times  occurs  through  thcgastnv 
intestinal  tract,  or  tiirough  other  mucous  metnlinines.  Intense 
congestion  of  parts  of  the  nervous  system  may  be  found  at  the 
autopsy,  but   this  is  not  characteristic. 

Pathologic  Physiology. — Tetanus  is  essentially  a  toxemic 
disease.  The  liacilhts  prixlnccs,  at  the  point  of  its  growth,  poi-sons 
of  almost  inconceivable  iMiwer.  Two  distinct  substiinw^s  have 
been  isolated,  telunin  and  tftaimtoxiti.  These  ocx-nr  in  the  blood, 
urine,  ami  pmbably  other  fluids  of  the  Uwly,  The  bacilli  are 
not  I'ound  in  thest-  fluids.  Wlien  tlie  toxin  of  tetanus  is  intro- 
dnci'd  into  animals  in  gradually  inereasing  (piantity  ininnmity  is 
dcvclo|ie<l  and  the  scrimi  i.s  found  to  liave  antitoxic  |)ower.  The 
HiilUoxiii  may  be  [)rccipitatrd  from  the  bloo<l  by  alcohol,  and  kept 
in  a  dry  state.  In  practical  medicine  (he  antitoxin  of  tetanus  ha* 
nut  [iroved  as  useful  sis  experiuicnts  s«!emed  to  promise.  This  may 
be  due  to  the  fact  that  the  intoxication  is  generally  .-h)  extensive 
by  the  time  the  disea^sc  is  re(-ognized  that  treatment  comes  too  late. 

ACTINOMYCOSIS. 

Definition. — .\ctinomycosis  is  a  chntnic  inll'ctious  process 
characteri/ed  Ijy  inflaniunttory  reaction  of  the  tissues  with  a  ten- 
dency to  the  formation  r>f  suppurative  f(K'i,  and  due  to  the  sjxxjitic 
action  of  a  micro-^jrganism,  the  ^Idinomyce^  boris. 

Etiology. — .'Vet  i  no  my  cos  is  is  a  disease  of  eattle,  horses,  swine, 
sheep,  the  llama,  tlic  elephant,  deer,  dog,  and  wcasionally  of  man. 

The  sjwcific  ciuse  of  the  disease  is  an  organism  which  i>rcnr8 
in  the  tissues  in  the  form  of  clusters  having  a  radiate  structure, 
and  it  has  thcrefiirc  been  termed  the  "  ray  fungus."  These 
clusters  may  be  so  small  as  to  1h!  invisible  to  the  naked  eye,  or 
they  may  reach  considerable  dimensions  by  their  growth  and 
aggregation.  Tiie  centnd  part  of  the  duster  fretpiently  has  a 
granular  api»earance,  suggesting  a  mass  of  micrococci.  Reaching 
out  from  this  may  Ije  seen  more  or  less  regularly  rliverging  stria* 
or  rays,  and  the  i>eriphcrv  is  composed  of  wliat  appear  to  be 
bulbous  extremities  of  the  rays  (Fig,  101). 
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The  exact  biologic  position  of  the  urjr.xiiisni  haa  not  yet  hot-n 
determine*!.  By  some  it  is  rcganieil  as  oik-  of  the  liy|)huiuy<'ott's  ; 
others  place  it  among  the  Iweilli.  It  is  In'st  ehissiliiMl  as  one  of 
the  utrcptothriees,  a  group  fijrming  a  link  betweivn  nmiilils  and 
bacteria.  These  are  tihimentmis  orgatiisins  wiiieli  form  iiiyftjjia 
and  divide  diohotnmously.  The  mycelia  tend  to  fragment,  and 
form  b<Mlie8  resembling  cocci,  bacilli,  etc.  The  club-like  jwnj>li- 
eral  extremities  of  the  mycelial  tlireads  are  not  reprmliietive 
organs,  as  lias  been  supposed,  but  degenerative  formations  caused 
by  -swelling  of  the  gelatinous  incnibrane  of  the  niycclia.  Sjvore- 
Ix-aring  eonidia  have  been  describetl  by  some  authors,  but  could 
not  be  founil  bv  others. 


nr 
■u>r] 

E 


iiorl). 

Cultivation  of  the  (^trganixm. — Two  varieties  of  micro-organisms 
have  been  obtained  from  actinomycosis  i)f  cattle  and  man.  Tlie 
first  of  these,    Ai'tinoinj/roxix  boi-is,  tboirgh    probably   tlie  specific 

rganism,  has  not  been  proved   to  be  pathogenic  in  animals  iii- 
nlated  with  it.     The  s<?ooud,  isolated   liy  Woltf  and   Israel,  anil 
lied  Actmomycva  isrticli,  was  ubtaiiied  from  the  human  disease, 
and  has  been  proved  to  be  patluigenie  fur  animals.     It  differs  in 
certain  es-sential  points  from  the  other  organism,  and  is  proljably 

distinct  variety. 
Actiuomifrt-i  Jiov^is. — The  actinorayccs  is  \"ery  difficult  to  obtain 
in  pure  culture,  since,  bi'cause  i>f  its  slow  growth,  it  is  usiiidly 
killed  by  the  other  l)acteria.  When  the  pure  culture  is  once 
obtjiined,  its  reinoculation  is  easy,  especially  upon  coagulated 
s^rum.  It  grows  npon  gelatin  agar,  glycerin  agar,  serum,  potato, 
and  l)ouillon.     The  most  fa\'orable  tempeniture  is   from   tMi°  to 

T^'   C   (91°  to  99°  F.),  and    it   grows   best   in    the  presence  of 

xvgen.  The  first  signs  of  gvowtli  on  gelatin  usually  occur  on 
the  fifth  and  sixth  day  as  small,  grayisli,  punetifonn  colonies 
which,  as  they  grow,  take  on  a  yellowish  color.  The  reinwMi- 
lation  <m  wrum  gives  in  twenty-four  hours  a  moist,  slightly  gran- 
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ular,  grayish  growtli,  wliich  then  becomes  more  granular  and 
takes  on  a  niilk-whitf  color.  In  honillou  the  colonies  remain  on 
the  surface,  the  fluid  remaining  clear.  It  also  grows  upon  tlisi- 
tilled  water,  l)iit  tin'  oolc^nies  liave  no  color.  It  grows  ver>'  rapidly 
upon  eerral.s.  The  growth  app<'ars  in  two  or  three  days.  It  is 
very  ret^istant,  Iwiiig  k(|tt  alive  for  a  year  or  more  on  cultures  of 
agar  and  gelatin.  On  cereals  it  has  been  demonstratc<l  tliat  it 
lives  for  four  years.  H 

The  sp<jres  of  the  actinomyces  are  verj'  resistant;  they  with-™ 
stand  heating  to  80°  C.  (176°  F.)  for  tilteen  minutes,  while  the 
mycelia  are  killed  at  60°  ('.  (140°  F.)  after  five  minutes.  Mirro- 
ecopicaily,  the  organistu  presents  itself  in  the  form  of  long  filaments 
dicliotoriiousiy  liranclied,aiid  flirniiiiL^cluhbetl  extremities  in  places. 
The  latter  are  the  .spore-forming  ennidia. 

ArtlnomyceM  Ixrndi. — This  form  grows  most  readily  at  from 
36.5°  to  37°  C.  (97°  to  99°  F.),  and  is  rigidly  anaen.bic.  It  may 
be  cultivated  on  agar  and  in  raw  or  boiled  hen's  eggs.  The  colo- 
nies on  agar  resemble  dew-drops  of  a  .slightly  nxsy  color,  which 
later  become  nion:  opaque  and  increase  to  the  size  of  a  lentil. 
More  distinct  white  colonies  of  ro.set  shape  are  also  formed,  and 
these  pres<Mit  root-like  projections  into  the  depth  of  the  nuiliiim. 
In  the  niw  or  (]uickly  boiIe<l  egg,  small   whitish  dots  are  torincd 

t>r  putrefaction.    Microscopically,  the  organ-^ 
in  the  form  of  slender  or  thick   ro<ls.  of^i'nW 
<'urvcd,and  sometimes  a  little  swollen  at  the  eiuls,  but  never  cliili- 
sliapcd,  like  the  rays  of  the  fungus  in  tli<'  i>afhologie  lesions.     In 
addition,  various  eoecus-Iike  structures  are  fonnd,  and  sonic  wavy 
filaments.     The  small  rods  resemlilc  closely  the  diphtheria  liacilhis.^ 

I'afliDf/niirili/. — The    anaerobic    rnilture    alone    is    pitthogenie.H 
Injccliini  of  pure  cidtiires   into   the  peritoneal   cavity   of  guinea-     ' 
})igs,  rabbits,  and  other  aninials  is  followed   by   the  development 
of  typical  lesions  which  are  infectious  when  implanted  in  a  second 
series  of  animals,  and   from   which   pure  cultures  may  again  be 
obtained.     The  aiTobie  culture  is  uon-pathogenic. 

The  manner  of  infcetiou  with  the  actinomycoses  is  not  com- 
pletely d<'terniined.  It  is  (juite  likely,  however,  that  the  parasite 
is  earrieil  to  the  tissues  by  various  vegetable  stdxstances,  jiarticn- 
larly  the  sp<'ars  of  the  oat-seeil  and  other  grains.  Sometimes  these 
have  been  found  embedded  in  the  lesiims ;  in  other  aises  splinters 
of  woml  have  been  discovered.  It  seems  pos.sible  that  the  specific 
agent  is  conveyi'd  into  the  tissues  by  the.se  foreign  bodies. 
Carious  teeth  and  lesions  of  tiic  mucous  membranes  doubtless  play 
a  part  in  the  ctiologv.  j 

Pathologic  Anatomy. — The  palbologic  ehang<'s  indncwl  hjH 
the  actiuoniyces  consist  of  roiuid-tM-Ued   infiltration  and  prolifera-^ 
tive  changes  in  the  connective  tissue  surrounding  the  parasite,  and 
sometimes  secondary  softening,   necrosis,  or   suppuration.      The 
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granulation  tissue  of  actinoiuycosis  is  cspeeially  rioh  in  leucocytes, 
and  not  intVcqiifritly  these  f'ortu  ilensu  foci,  vvliidi  later  develop 
purulent  cnllectious.  lu  cattle  the  disease  arteets  tlie  lower  jaw, 
less  frequently  the  U|»])er  juvv  or  other  hnues  ;  the  tissues  of  the 
necll,  the  tongue,  lunl  other  jwrts.  In  man  it  is  met  vvifh  in  the 
gums,  the  cheeks,  and  floor  of  tlie  luoutli,  in  the  lungs,  intestines, 
and  other  inteniul  org:»iis.  Tlie  iiukeil-iye  appearance  of  the  lesions 
may  first  he  simply  that  of  a  hard  red  papular  formation,  with  more 
or  less  induration  surrounding  it;  later  this  tenils  to  increase  in 
size  and  may  hreak  down,  forniiug  uecrotic  or  sujipurative  exca- 
vations. The  ])rocess  of  re|>air  i»r  cicatriKation  luay  proceed  in 
s*»ine  parts  tn  the  extent  of  almost  c-uinpletc  repair,  while  the  sup- 
purative or  necrotic  change  advances  in  other  directions,  and  thus 
cavities  and  irregular  cortinuiuicating  sinuses  are  estaldished.  The 
so-callcil  sulphur  granides  nr  actinonivccs  liodies  arc  fiunid  in  the 
fins  dischargeil  from  the  simis  or  still  rrtaincd.  The  |)art  in  which 
the  disease  exists  may  l)e  considerahly  ilinligurcd  and  luiti'h  enlarged. 
The  pus  or  necrotic  material  within  the  lesiniis  I'ontains  peculiar 
granular  hodies,  the  '' sulphur  granules  "or  actinoinycosis-limlics. 
The  siiud-like  or  sulphtir  granules  measure  O.'J  to  0.6  to  at  times 
1.2  niui.  They  are  of  a  gray,  yellow,  green,  to  red  color.  ^Vhen 
ytning  sttft,  when  older,  nuich  tougher  in  cotisistencv.  Occnsion- 
ally  calcitieatiun  lA'  the  diseased  area  may  take  place.  When  tlie 
jaw-lioiie  is  allV'cted  the  disease,  as  a  rule,  lieirins  ahout  earions 
teeth,  fistula?  conuniinicating  witli  the  roots  of  teeth. 

In  the  case  of  <lisease  i»f  the  lungs  sfimc  have  observcfl  a  pre- 
liminary catarrhal  inflammation  of  the  lironehi.  More  frequentlv, 
however,  there  are  from  the  first  nodular  areas  of  hrouchopneii- 
monia,  wiiich  tend  to  undergo  changes  similar  to  those  already 
descrilied.  The  surroimding  ltiiig-tis>uc  fVi'i|U('ntly  hecomes  iiidu- 
rate<l  from  interstitial  i)iieumonitis.  ?]xteusion  may  occur  to  tlie 
pleura,  pericardium,  and  mediastinal  tissues. 

In  the  case  of  actinomycosis  of  the  intestinal  tract  there  are 
firiit  elevations  of  till.'  mucous  memlinuie,  the  disease  involving  the 
nuico.-^a  and  the  sulmuu'osi.  8ulise(pieuf  s<»ftening  of  these  leads 
t«.>  the  f<)rniatioii  of  uieeralious.      Kxtension  to  the  |K'ritoncmii  and 

■u  the  other  organs  of  the  abdomen  may  take  [ilace. 

■  III  any  case  of  actinomycosis  a  jieiietration  of  the  hl<MMl-ves.seIs 
or  lymph-channels  nuiy  lead  to  metastases.  Thus  in  acfiiiomycrt- 
si.s  of  the  .ahdominal  cavity  the  liver  is  freijiientlv  involved  ;  and 
other  parts  of  the  IhkIv  ni;iy  he  similarly  afl'ect<'d.  Actinomvcotie 
lesions  of  the  brain  (abscesses)  arc  somi'times  wen  in  such  in- 
stances. In  otlii'r  cases  of  cerebral  involvement  there  nuiy  be  uo 
evidence  of  the  original  focus  or  ))oint  of  entrance  of  the  germ. 
Microscojncally  the  rharacteristic  feature  of  this  disease  is  the 
irasitc  it.self  siirroitiided  by  lymiiluud  cells  in  considerable  num- 
ers,   with    some    e|ntheli<jid    cells   and    occasionally    giant-cells. 
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When  the  proeess  tends  to  a  favomUle  tcrinin:ition  by  cioatrization 
fibrous-tissue  formation  proceeds  in  tlie  usual  manner. 

Pathologic  Physiolog[y. — Tlie  actinoniyces  is  mainly  aoti%-e 
as  a  local  parasite,  the  general  disturlianees  uf  health  being  cotn- 
pantively  slight.  There  is  a  n»arke<l  tendency  to  limitation  or 
retardation  of  the  disease,  aud  sometimes  this  is  effected  com- 
pletely. 

MYCETOMA. 

Mycetoma,  or  Afndur.i-iVK)t,  is  an  infectious  di.sease  ix<?urring  in 
India  and  elsewlicn*.  and  i'ause<l  by  an  organism  of  an  uncertain 
biologic  class.  The  disease  is  not  inlVi'<|m'nt  in  >[adura,  Delhi, 
an<l  other  parts  of  India,  aiul  has  been  ohservet!  in  Africa,  South- 
ern Eiirnpe,  and  ArniTica. 

Etiology  and  Patholojgic  Anatomy.— As  its  name  in<li- 
cates,  the  disca.so  affects  the  f<Mit,  and  usually  follows  injuries,  par- 
ticularly thoni-wonnds.  In  rare  cases  the  hamls  or  other  jxarts 
are  affectetl.  At  first  there  is  ncMJuJar  inflaniniatory  swelling,  be- 
ginning on  the  plantar  surface  or  dursuni  of  the  foot  and  spread- 
ing to  the  sides.  Thesi-  swellings 
are  hanl  and  iwinlcss.  Ijiter, 
sof\ening  o<"rijrs  and  ruptur*' 
takes  place.  Thin,  water}-  pus 
t^^7{^^^^^^^^^^^BW  discliargefl,  and   this 

^v^^^^^HIIIB^K^^^?^      grayish  or  reddisli  gnmular  ImkI- 

ies  or  black  granules  resembling 
jMirtides  of  gunjmwder.  In  the 
former  case  the  term  pale  myce- 
i  is  apjdied  ;  tJic  u 
is  called 
In  the  later  stages  of  the  di.sease 

k<lischarging  sinust-s  nniy  remain, 
while  newer  ntHlules  in  turn  are 
formed  an<l  sofkii.     Finally,  the 
^, member  affected  becomes  greatly 
.^SB       defornie<l,    the    )K>rtions    not   in- 
'^^B       volve<l   growing  thin,  while  tlie 
^P      diseased   part    increases   in   sire. 
U  XMU    A  D(*«th  occurs  from  exhau.stion  or 

ftJi^F    P  complicatifins. 

HlKtoloffirnUy  the  no<iules  re- 
semble large  tubercles,  but  are 
highly  vascidar.  The  bulk  of 
the  growth  consists  of  granula- 
tion-tissue cells,  those  in  the  cen- 
ter being  small,  those  near  the  outer  edge  of^t-n  large  and  contain- 
ing two  or  more  nuclei.  True  giant-cclls  arc  nin-.  In  the  center 
may  be  found  a  branching  micro-organism,  called  HtiqAothrir  Ma- 


toma  is  apjilied  ;    tJic  lattir  vari- 
ety is  called  Idack  or  molanoid. 


Via.  102.— Sircptirthrix  Mmliinc  in  n  se( 
tlon  of  (llteiuril  tlaiup  (Vlnoent). 
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tlurtB  (Vincent).  This  stains  i>y  Cfrarn's.  inetlnKl,  and  tiometimes 
shows  sonu-wluit  biilUius  swelUtiir  <il  tlif  (^ml>  of  tlic  tlirt-ads  and 
thfir  brandies  (i''ig-  102).  Tin*  iiiycilia  of  tlic  Muck  vai-it'ty  nt" 
nivcetonia  are  deserilied  l>v  Lavi-nih  as  tliickiT  and  coarser  tlian 
tlioee  of  the  jwle  form,  and  he  iH-lievus  the  oriraiiisnis  are  distinct 
varieties  of  a  8|Hfcies.  Around  the  or^riinisni  may  he  seen  an  area 
of  degeneration,  having  a  striate  arrangement  sufrgestinj;  that 
seen  in  actinomycosis.  Extensive  degeneration  and  pus-format  ion 
occur  in  the  center  of  the  iliseased  areas  in  the  later  stiiges  ;  and 
hemorrhage  may  occur  from  the  new  h]o<Mi-ves.sels.  Histologic 
examination  of  the  granules  in  the  pus  shows  tlie  micro-organisms 
in  the  form  of  interlacing  tiireads.  Botlies  resembling  sjwres  have 
occasionally  been  deycrilx-'d. 

The  org:inism  has  not  as  yet  Injen  definitely  cl;Ls.sified.  It  is 
certainly  allied  with  the  actinoniyccs,  bnt  probably  not  identical. 
It  has  been  eiiltivnted  upon  various  media,  jwrticnlarly  infusions 
of  hay  an<f  the  like,  renilered  sliglitly  acid  in  reaction.  It  I'ornis 
small  nodular  and  hard  growths,  which  Iwcome  rose-red  in  color 
when  they  cling  to  the  sides  of  the  test-tube  near  the  surface  of 
the  liqnid,  or  brownisii  wiien  they  siidi  to  the  Ixrttorn.  Upon 
agar  isolated  grayish  or  later  rose-red  clusters  are  formed.  In- 
oculation-experiments have  thus  far  met  with  little  success. 
Locsii  reaction  has  been  so  produced,  bnt  not  a  ilefinite  disease. 
Several  investigators  have  reached  the  conclusion  that  there  are 
two  or  more  kinds  of  micro-organisms  that  have  an  etiologic 
relation  to  cases  of  Madura-foot.  It  has  in  ]iarticular  been  sng- 
gcsteil  that  the  white  and  black  varit'ties  of  (he  disease  have  a 
distinct  bacteriology.     These  views   need   furtlier  contirmation. 

Other  ptreptothriccs. — Several  other  less  important  forms  of  the  group 
Btre[>t')thrix  li.ivo  been  describcil,  .is.  for  example,  the  variety  found  by 
Eppinger  in  abscess  of  the  brnin,  ami  those  discovered  by  Flexner  and  by 
Buchholtz  in  pseudotuberculosis  of  the  lung.  These  forms  have  not  as  yet 
received  definite  classification.  In  tliis  connection  it  is  interesting  to  note 
tlial  the  tubercle  b  cillus  under  certain  conditions  .^<sumes  forms  sugpest- 
ing  a  close  relationship  with  the  strejitotli rices,  juul  that  a  bacillus  has  been 
found  upon  hay  and  various  vegetabK'-,  and  in  the  feces  of  anininls,  that 
caused  atypical  tubercles  when  injected  into  aninuils  in  pure  cntture. 


RELAPSING  FEVER. 

Definition. — ReL-ipsing  fever,  or  typlnis  re<'urren.«,  is  an  in- 
fectious and  contagi<uis  disease,  probably  caus<>d  by  a  specific  organ- 
ism which  is  foimd  in  the  bloo<l. 

etiology. — The  Spirochieta  Obermeieri  is  a  spiral  organism, 
in  length  several  times  the  width  of  the  red  corpuscle  (16  to  40 //). 
It  is  i'oimd  in  the  I'resh  bKuMl,  and  j>rescn(s  active  movements  due 
to  dagella  (Fig.  10.3).  The  organism  stains  well  with  ordinary 
anilin  dves.  The  relation  of  this  s|>irilliitu  to  the  disease  can 
hardly  be  qncstioni-d,  as  it  is  invarialtly  present   and  apjK'ars  in 
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the  bliMkl  iltiriiig  tlie  paroxysms  of  fover  and  ilisapppars  in  the 
intiTvals,  tliiis  showing  its  rehition  to  the  symptoms  of  the  di&t'asf. 

The  or^nnisin  has  not  as  yet  been  cul- 
ti\'atwi,  l)iit  l)y  imx'ulation  with  i)hKxl 
u  riiiinhcr  of  investigators  iiave  trans- 
fern-il  thi'  iliseasc  to  monkeys  ami 
hiiniiin   beings. 

Pathologic      Anatomy.  —  The 

s|>leeii    heeumes    greatly    enlarged  ;    it 

i'rei|uently   j)resents   a   variegated   ap- 

r^_Q     _f\^  O         pearnnee  on   scelion,  due   to  areas  of 

CgPO  C/Tr  anemic  iiitaretidii  and  neerosis  or  fatty 

O  tlegeneratioii    alternating  with  deeplv 

lnthebVK.rl(vonJnk8Cli).  Conge>t(Ml    portions. 

Pathologic    Physiology. — The 

peculiar  feature  of  relapsing  fever  and  the  one  that  has  given  it 
its  name  is  the  recurring  paroxysms  of  fever.  The  cause  of  this 
periodieitv  is  as  yet  unknown,  though  it  is  likely  that  tlie  develop- 
ment of  the  spirochieta  is  suidi  as  to  determine  the  relapses. 


- — "    ^oo 


INFLUENZA. 

Definition. — InHncnza  is  an  infectiou.«  disease  occurring  in 

wides])read  epidemics  and  caused  by  a  siK'cific  bacillus. 

Etiology. — The  IJacillns  iiiHuenzie  was  discovered  by  Pfeif- 
fer  ami  ("anon  in  l.Sitii.  The  bacilli  are  extremely  small  and 
usually  occur  siugl .-,  though  they  are  (x;casionallv  united  by  the 
ends,  forming  short  chains.  They  may  be  stained  with  the  ordi- 
nary anilin  dyes,  especially  with  earbol-fuchsin,  Ijut  are  decolorized 
by  Gnim's  luethixl.  The  ends  of  the  bacillus  are  somewhat  swol- 
len and  usually  stain  rather  more  dee|)ly  than  the  shat\.  This 
gives  the  organism  somewhat  th<-  appearance  of  a  diplncoccus  or 
dumb-bell-shaped  liaeilius.  It  is  not  mottle.  The  first  generation 
of  the  bacilli  will  grt)w  only  in  the  presence  of  hemoglobin  and 
are  therefore  cultivated  upon  glycerin  agar,  the  surface  of  which 
has  been  smeared  with  blond,  funniug  minute  drop-like  colonies, 
.teen  with  ilitlieulty  with  the  uakc<l  eye,  but  clearly  with  the  aid 
of  a  lens.  The  colonii'S  do  not  coalesce.  The  ajipearancc  of  the 
growth  is  .soniewliat  like  that  of  condensed  moisture  on  the  surface 
of  the  culture-medium.  Later  generations  of  bacilli  may  be  culti- 
vated on  agar  or  in  bouillon. 

The  liacilli  occur  altundautly  in  the  sputum  of  the  disease,  de- 
creasing in  (piantity  as  the  case  advances.  N\'hen  purulent  expec- 
toration ceases  tlie  bacillus  di.sapjK'ai's  entirely,  in  fatal  cases  it 
has  been  found  in  abumlance  in  the  tissues  of  the  lung,  particu- 
larly in  cases  in  which  complicating  pneumonia  has  existed.  It 
docs  not  o<'eur  in  other  diseases.  Animal  ex]H'rimentation  has  thus 
far  been  unsitisfactiuy,  though  the  organism  has  piwed  jKitho- 
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Be  for  certain  animals.  iK-fiiiito  results  have  not,  however, 
w^n  reaelie<l,  and  the  specific  character  of  the  organism  is  inferred 
nith'T  than  denioustniteil. 

Pathologic  Anatomy. — There  are  no  speeific  lesions  in  this 
disease.  The  ortrimistiis  ])rovoke  intense  catarrhal  processes  and 
doubtless  at  times  pneumonia.  In  some  cases  the  pneumonia  of 
grip  is  causetl  l>v  mixed  i>r  sccnndarv  intection.  InfluninuitorA' 
lesions  and  lieniorrliairie  infiltrations  in  the  niemhraiies  of  the 
brain  and  jii-t  heneath  tln'  nieuiliranes  liuve  lieen  o!)served. 

Pathologic  Physiology. — Very  httle  is  kn<i\vii  rejrartling 
the  nio<l<'  of  activity  of  tiie  liaeteri:).  Tiie  constitutional  ^yni])- 
tonis  suggest  toxemia,  but  the  nature  of  the  |Hiis<jn  is  obsi-ure. 
The  immunity  from  the  disease  must  be  exceedingly  short,  as  re- 
curring attacks  and  rehipses  may  be  fre(juent  an<l  succeed  one 
another  rajiidly.  Certain  <'omplications  and  seijucls,  such  as  in- 
flammations of  the  serous  surfaces  and  netu'itis,  indicate  general- 
ized infection  and  intoxication. 

BUBONIC  PLAQUE. 

Definition. — The  bubonir'  plague,  or  jK-st,  is  an  infectious 
disea.-e  due  to  a  peculiar  bacillus. 

Etiology. — The  bacillus  of  huiionic  plague  w;is  discoverwl 
by  Yersin  m  1SU4.  In  blood  drawn  from  a  puncture  of  the 
skin  and  in  pus  frttni  the  alfeeted  glands  may  lie  found  snudl 
bacilli  somewhat  resembiiug  the  inHuenwi-bacillus.  These  organ- 
isms may  be  staine<l  readily,  and  are  then  seen  to  1m'  swollen 
somewhat  at  the  end>  and  luore  deei)ly  stxtined  at  the  (loles 
thaii  in  the  center  (I'ig.   Ili4).     This  gives  them  an  appi'araiice 


Fl.i.  K 


ibling  that   of  the  diplococc-i,  and    in    specimens    from  the 
bloo<l  or  tissues  there  is  an  indistinct  capsule.     The  baciihis  is 
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recently  it  is  claimed  that  tlagclla  have  been  de- 
cultiirf's  liave  hcon  obtaiiiud    iipuii   various  luedia, 


^Ivfcria-agur  iiiuisl,  ruiiinlcd,  whitish  or  bluish-while  colo- 


feohly  motile 
tected.      Pure 
U|)i>ii 

iiie.s  are   formed.     I'ortiotit*  of  .stioh  colonies  removed  for  exami- 
nation sliow  tiie  bucilli  ranged  in  ehains. 

Pathogenicity. — Tlie  liacillns  bus  been  found  jmthogenie  for 
mice,  rats,  gninca-pigs,  and  nd)l)it.s,  antl  the  r-vntploms  prodiioiHl 
by  pure  eultiire.H  are  the  same  sis  those  induced  by  inoeiiiatiug 
animals  widi  blood  or  portions  of  tissue  from  diseased  [ktsous. 
Tlie  lymphatic  irlands  may  be  swollen  and  petechial  liemorrhage 
may  occur  as  in  the  biimaii  disease. 

Distributioii. —  lu  the  human  being  suffering  from  bubonic 
plague  the  bacilli  are  found  in  the  local  lesions  of  the  lymphatic 
glands,  the  buboes;  and  also  in  the  blood  and  various  organs, 
llats  and  mice  freipicntly  die  during  e[)idemics,  ami  doubtless  help 
to  spread  the  disease  by  infecting  tlie  soil  and  dust  about  dwell- 
ings. Yersin  showed  that  flies  die  of  the  disease,  and  suecee<led 
in  obtaining  the  bacillus  from  their  dead  boilies.  The  bacilli 
re(|uire  nioistnre,  absence  of  strong  light,  and  a  low  temperature 
for  their  growth  and  mu!(i]ilication.  They  do  not  Hourisli  in 
water,  but  thrive  in  milk,  butter,  and  cheese,  and  the.se  iTHxl-.stuffs 
may  spread  the  contagion.  The  pneumonic  forni  is  caused  by 
inhalation  of  dnst  that  has  not  drieil  sufficiently  long  to  destroy 
the  bacteria,  but  the  pneumonic  form  is  not  necessarily  due  ta 
inhalation  of  the  germs  in  all  eases. 

Ino<'idation  in  man  is  most  frequently  caused  by  injuries  of 
the  skin,  such  as  scratch-marks,  etc.  Infection  may,  how"ever, 
occur  through  the  lungs. 

Pathologic  Anatomy. — The  organism  pi-oiluces  swellings 
and  .suppuration  of  lymphatic  glands,  particularly  those  of  the 
groin,  and  se<M»nclarily  lesions  of  internal  orgtms.  Tlie  lymphatic 
glands  swell  quickly,  become  tender  and  congested,  and  then 
softf  n,  forming  a  rather  thick  pus.  This  is  sometimes  .somewhat 
bUxMl-tinged.  Petechia!  hemorrhages  and  bloiHl-stainwl  effusions 
into  the  scmiis  cavities  may  occur.  IVtechiie  of  the  skin  are  apt 
to  develop  as  a  result  of  slight  traumatisms.  Tims  the  bite  of  an 
insect,  instead  of  producing  its  usual  results,  may  cause  distinct 
ecchymoses  in  persons  suffering  from  the  disease.  A  form  of 
broriehopneiimonia  occurs  in  a  considerable  proportion  of  cases. 
This  may  be  quite  independent  of  glandular  enlargements  exter- 
nally. In  tliese  the  primary  infection  may  be  caused  l)v  the 
inhalation  of  dust.  A  "septicemic  form''  is  characterized  bv 
general  infection  with  generali/.etl  involvement  of  the  Ivmphati'c 
glands,  but  without  distinct  buboes. 

Pathologic  Physiology.— It  seems  that  the  distribution  of 
the  bacillus  in  the  bloiHl,  as  well  as  toxic  substances,  contributes 
to  the  general  disturbance  of  health.     By  successive  inoculation 
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immunity  has  lieen  produced,  ami  toxins  and  nntitoxins  have  been 
obtained  from  the  serum.  The  importance  of  these  latter,  Jiow- 
evcr,  is  still  under  investigiUion. 

THRUSH. 

This  condition  occurs  in  new-born  infants  find  in  older  cliildreu 
or  adults  who  have  become  weakened  i>y  dis^ease.  The  orj^nism 
CJilled  Oiduim  albiean»  is  a  Inidding  fundus,  thougli  s^onie  believe 
it  a  form  of  mould.  If  sonif  nf  the  milk  deposits  on  the  mu- 
cous membrane  of  the  mouth  which  ehar.icterize  the  disease  be 
removetl  and  examined  micmscopicallv,  mycdia-threads  and 
conidia  are  observed.  Tlie  organism  may  lie  cultivated  upon 
gplatin  plates,  in  the  form  of  wliitish  colonies  on  tlie  surface,  or 
granules  with  radiating  priK-esses  in  the  dcjith  of  the  medium. 
On  potato  and  on  bread  it  forms  a  wiiite  cuutiug.  The  organism 
is  present  in  the  air  and  in  various  articles  of  food,  so  that  infec- 
tion readily  takes  place. 

PHARYNQOMYCOSIS  LEPTOTHRICIA. 

The  LfpMhrir  buccalis  is  a  normal  inhabitant  of  the  mouth, 
and  occasionally  pnxluces  a  pathologic  lesion  of  clinical  interest, 
The  organism  probably  belongs  to  the  group  of  pleomorpliie  bac- 
teria, though  its  exact  position  is  not  determined.  It  consist.s  of 
fine  threads,  of  wavy  or  s|>iral  character,  composed  of  rwl-like 
segments.  Occasiimally,  spore-like  bodies  are  found  at  the  free 
ends  of  the  filaments.  The  organism  sometimes  |)enctnites  and 
multiplies  in  the  crypts  of  the  pharynx,  causing  a  chaik-likc 
nodule  or  deposit.  Secondary  inflammation  may  be  occasioned. 
(See  also  Diseases  of  the  Pharvnx.) 


DISEASES  OF   UNCERTAIN  BACTERIOLOGY. 

SYPHILIS. 

H        Definition. — Syphilis  is  a  sjurific  contagious  disease  of  man, 
^  of  uncertain  etiology.     The  disease  has  never  been  observed  in 
any  of  the  lower  animals. 

Etiology. — The  attempts  to  find  a  specifit'  caust>  of  this  dis- 
ease havf  not  as  yet  met  with  definite  success.  The  organism 
which  at  the  present  time  has  the  licst  claim  to  recnguition  is  that 
observed  by  Lustg-arten.  This  resembles  the  tubercle-bacillus 
very  closely.  It  is  .3  to  7/i  long,  and  often  somewhat  curved  and 
swollen  at  the  einls.  It  stains  with  diffieulty,  and  a  complicated 
method  was  suggeste<l  by  the  discoverer.     The  bacilli  are  i'oiuid 

■  in  the  disease<l  areas  in  small  nuiubciv,  lying  within  the  cells  and 
partly  between  them.  It  has  also  been  claimtHl  that  tliey  occur  in 
the  blootl.     The  organism  has  never  been  is<>late<l  or  cultivated 
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ui>on  artificial  media.  Fiirtliermore,  it  is  difficult  to  distin^iiflli 
tiiis  supposed  specific  jrerni  from  other  bacilli,  notably  the  snu'irn'a- 
ba'-illiis,  In-  the  stainiiig-iuotlimls  suggested.  Itcpoatcd  attempt* 
to  itiiK-ulute  animals  with  material  from  syphilitic  wjn-s,  with 
syphilitic  blrMul,  et<,-.,  liavc  failed. 

Whatever  the  nature  i>f'  the  orjriiuisni,  it  is  quite  certain  tiiat 
the  disease  is  definitely  infective.  In  the  great  majority  of  cases 
infection  occurs  by  direct  inoi'ulation  in  se-xual  intercourse.  It 
my,  however,  be  conveyed  in  many  other  ways.  Physicians  are 
._  onietimes  infected  in  performing  surgical  oj)er.itions  or  in  exam- 
ining svjihililic  cases;  persons  have  fVe(|uently  been  int>culated  in 
the  proi'ess  of  tattooing  or  vaccination  when  saliva  or  vaccine- 
lynipii  from  diseased  individuals  was  employetl.  Infection  may 
be  eaused  by  kissing,  or  indirectly  by  the  use  of  drinking-vessels 
whieh  liave  been  employed  by  the  disea.sed.  The  new-bom  may 
be  sy[)hiliti<'  in  eonseqnenee  of  disease  of  the  father  or  mother  ;  and 
hralthy  wet-nurses  may  be  infected  by  syphilitic  tmrslings.  la 
addition  to  the  specifie  cause,  surrounding  ctjuditions  and  individ- 
ual sus(?eptibility  doubtless  play  a  part.  During  the  Middle  Ages 
this  disease  at  times  and  in  ceitain  places  almost  attained  the  char- 
act<'r  of  a  universid  scourge.  Its  numifestati<uis  were  severe,  its 
course  rapid,  ami  in  every  sense  its  natiin'  was  malignant.  Cases 
of  this  desrrijition  are  exceedingly  rare  :it  the  present  day. 

Pathologric  Anatojny. — The  pathologic  course  of  this  dis- 
ease may  lie  divided  into  three  stages  :  the  initial  utagr,  tlie  second- 
(try  Ktagf,  and  the  lerfinrji  dage.  The  disease  nuiy  aV)ort  at  any 
stage,  but  such  an  occurrence  is  rare.  Not  infrcf|uently,  especially 
in  women,  the  first  and  even  the  second  stage  as  well  may  be 
overlookeil. 

Chancre. — In  the  initial  stage  tiiere  is  formed  at  the  jK<int  of 
in(MMilati<m  a  |->rimarv  lesion,  conunonly  termed  clianere.  This 
may  make  its  appearance  first  as  a  somewhat  red  and  inflamed 
papule,  or  as  a  vesitrle  which  ruptures  and  thus  prrKbices  an  ero- 
sion. When  it  begins  as  a  papule  the  surfiice  simui  becomes  eroded, 
and  thus  a  superficial  ulcenitioii  is  established.  The  peculiar  feat- 
ure of  this  lesion,  to  which  Hunter  called  j>articular  attention,  is 
its  hardness  or  indnnition,  and  it  is  by  this  featun'  largely  that  it 
is  distinguished  from  the  sof\  chancre  or  chanciiud.  The  initial 
or  primary  lesion  may  remain  indolent  or  its  a  small  erosion  for  a 
long  time,  or  it  may  siwn  cicatrize  and  leave  a  more  or  less  definite 
scar.  The  chaiu-re  occurs  n|Hin  the  glans  jx-nis  or  pn'pnce.  or 
within  the  urethni  of  the  male  ;  and  in  the  vagina,  urethra,  or  ujwn 
the  cervix  uteri  ami  external  genitalia  of  the  female.  Extrageni- 
tal chancres  may  be  observe<l  in  the  rectmn  or  anits,  on  the  lips 
or  tongue,  tonsils  or  pharynx,  the  fingers,  or  otjicr  jwrts. 

Secondary  Lesions, — At  the  end  of  a  variable  jK'riod  of  time 
afler  the  eruption  of  the  initial  sore  secondary  manifestutions  of 
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the  disease  make  their  appt-arantc.  The  first  unioug  these,  as  a 
rule,  are  swellings  and  induration  of  tin-  nciirhlMiriiijr  lyniplinttc 
ijhinds  [sifphi/itic  bubo).  Lator  X\w  sutK'i'ficiat  lyiii]ih-jrl;iiids  nf 
the  entire  body  bt-t-unvf  svvolh'n  and,  likr  tlmsi-  in  the  nei^'-lilmr- 
hiK-xl  of  the  le.'-ion,  indiiraird.  At  the  s;iii(c  time  <'rnj»tii>iis  np<m 
the  skin  and  niin'ous  inL'inljrane?"  niakc  tlieir  aj>t)fanine<'.  The 
inter\-al  Iwtween  the  primary  and  the  swondary  nianifcstations  is 
varijihle.  Sometimes  it  is  imt  a  few  wtM'ks  {lhr«;e  i>r  tour),  at  otlier 
times  it  may  lie  several  months.  Tiic  niaiiil'cstariotis  of  the  sec- 
omlary  stajite  niay  In-^in  witii  ft'ver  and  eotistittitiniial  syiii|)ttims, 
sugtjrei?tinfr  snd<len  and  rccrtit  infection,  and  at  the  same  tiine 
changes  in  the  jjlood  (rapid  reihietion  of  red  corijuselcs,  intxkTate 
leukocytosis)  make  their  appeanuice.  Aniunir  the  (muns  of  the 
t<kin  varions  forms  of  papnli's,  niaenlcs,  and  sealy  ernptions  are 
most  freqniMit  and  charartcristit'.  Tlie  li'sions  are  usually  syni- 
metrieally  nrrantred  on  the  two  sides  of  tiir  tiody  and  eansi-  lint 
litth'  irritation.  The  color  of  the  skin  is  fn'(|ncntly  said  to  he 
somewhat  copper}'.  On  the  nnicmis  inemlinnics  and  nei<ildioring 
skin  the  most  eharaeteristic  lesion  of  this  stage  is  the  voiuluhma 
latum,  or  inticoiw  jxitcli.  Tins  appeal's  as  a  somewhat  elevated 
ptitch  with  superficial  erosion  or  ulccnition.  Tlic  surface  has  a  ne- 
crotic apjiearance,  and  may  he  covered  with  more  or  less  secretion. 
Tertiary  Lesions. — Thcsi*  may  take  the  form  of  nrdinarv  in- 
flarumaU.iry  changes  of'  the  nnicous  mendiiiines  (trtif  other  parts, 
with  a  pronounced  tendency  to  fibrous-tiss^ne  overgrowth  and 
thickening,  or  of  definite  nodnles — the  sy]iinlitie  f/uitinuibr,  or 
m/{/hiIomat<i.  .\mong  tlu.'  diffuse  syphilitic  changes  of  the  tertiarv' 
stage  may  l)e  r.niked  .'itherouiatous  (hiekcuing  rif  the  itrtirua  of  the 
bhMHl-ves.si'ls,  certain  changes  in  the  liver,  spleen,  kidneys,  and 
heart-mnsele,  and  <ioul)tless  also  similar  alterations  in  the  nervons 
Bvstem. 

The  hiealizwl  lesions  of  the  tertiary  stage — the  gnmmata — are 
most  frequent  in  the  hcnies  (tihia,  stertnini.  and  skull) ;  anil  in  the 
internal  orgims,  such  as  the  liver,  lungs,  kidneys,  lieart.and  hrain. 
The  gnuuua  prcM-nts  itself  as  a  niHhilar  mass,  varying  in  size 
frrwii  small  tulxTcle-like  foriuatious  (miliary  gummata)  to  tumors 
the  size  of  an  orange,  or  larger  ^Fig.  lU5j.  It  is  hard,  and  has 
frequently  an  elastii'  chanictcr,  which  has  suggested  the  name 
gummy  tumor  or  trunnua.  f)n  section  the  suh.-tauee  is  fi-e<|Uently 
fonn<l    to  he   (.'clatinnus  or   nniri>id    in   appearance  ;  luit   there  is 

icarly  always  consideniijle  inilurati<»n,  either  jieriplieral,  in    the 
form  of  a  eajwulnr  enclosnre,  or  striate,  in  tlie  form  of  bands 

xtending  from    the    center  to  the    periphery  an<l    into  the   snr- 
r<iun<]ing  tissue.     Occasionallv  gmiinuita  soften   very  nipidly  and 

lecomc  converted  more  or  less  eoiujihtelv  into  pnril'orm  colli'etious. 

iVhen  situated  in  the  mucous  meuibraiiis  nr  ;uli;t<-cnt   to  t!ie  sur- 
;c8  of  the  b«ly,  suppurative,  fatty  or  necrotic  softening  may 


282 


TEXT-BOOK  OF  PATHOLOGY. 


Ifiid  to  tlte  fonniition  of  !5U|H>rficial  ulcenitions.     These  may  n- 
iiiain  inilolL'iit,  or  may  jrnidiinlly  hecoine  cicatrized.     Sunietinie?  a   h 
gimiiiiatoiis  ir'siun  di.--air[K'ars  ciitirt'ly  l)V  alisurption  without  It-av-  H 
ill";-  a  traci>  of  its  existence. 

Histology. — III  .-yiiliilitic  processe.«  of  all  i<iiids  and  in  all  of 
tire  .-stages  tlicre  is  a  tendency  to  acenimilation  of  round  <'ell.s  ami 
proliferation  of  connective-tissue  cells,  the  pnieesses  being  first 
manifest  amuntl  the  smaller  hliHHl-vessel.s,  hut  sul)se<jiieiitlv  ex- 
temlin^f  to  other  parts  of  tlic  tissue.  The  -walls  of  the  hicKxl- 
vesscls  themselves  are  Jrefpicuf ly  involved,  and  thi<'kenintr  of  the 
inner  or  ot'  all  the  coats  may  lie  oliserveil.  Complete  destrtietion  of 
the  vasctdar  channels  is  not  rarely  the  consequence.  Some  authors  ' 
hx-atc  the  earliest  changes  in  the  small  veins  ami  lymphatics.    In  the  ■ 


Fm.  105.— Ollin 


I  II,,.  liver. 


subsequent  course  of  the  disca.se  there  is  a  tendency  to  the  forma- 
tion of  distinct  cicatricial  connective  tiasue,  giving  ri.se  to  indumtiMi 
scsirs  or  ditl'ii.sc  selenisis  ;  and  a  k^ss  pninouneed  t-endeney  to  the 
occurrence  of  degenirrations,  mucoid  and  fatty,  causing  areas  of] 
degeneriitive  softening. 

The  Chancre. — The  initial  lesion  first  presents  small  areas  of! 
round-cell  infiltration  in  the  deeper  layers  of  the  skin  or  nuieousi 
rnemliraiic,  and  as  a  rule  in  the  neighborhood  of  the  bIood-ves.sela.( 
The  connective  tissue  at  the  sjiuie  time  undergoes  pn)liferative 
change,  and  s]>inille-shaj»cd  cells  or  irregular  <'mbrA'oual  coniifr- 
tive-ti.ssue  cells  are  found  mingled  witli  the  round  lymphoid  cells, 
or   .surrounding    the    foci    of  the    latter.     Giant-cells  are    ran^ly 
present.      Thickening  of  the  l>l<«Hl-ve8.sels  may  be  observed  in 
the  hiter  stages  or  from  the  very  first.     The  tissue-elements  of 
the  skin  anil  of  the  subcutaneous  tissue  are  usually  separate«.l  by 
infiltrating  liquid,  and  the  latter  may  locsen  the  ti&sues  of  the 
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surface  and  cause  exfoliation  of  tlie  siijierficial  epidermis,  and  thus 
l«:'ail  ti>  the  develofmit-ut  of  the  jiriniarv  ve.siflc  or  the  erosion  w) 
I'ommonlv  seen.  Tin-  induration  of  the  ehiinere  i;^  prfihaldy  tlie 
result  of  the  sclerosis  of  tln'  vosels  and  tlie  peiicral  cotnicctivf- 
tissue  iivperpliisia,  as  well  as  in  jtart  due  to  the  tense  infiltration 
of  sertitis  li(juid. 

The  MncooB  Patch. — The  condyloma  hitum  is  very  siniihir  in 
structtire  to  tiie  initial  lesion.  Then'  is,  first,  round-eell  iiitiltra- 
tion  of  the  deeper  layers  of  the  nuK.'oits  meiuhrane,  witli  serous 
exudation  and  erosion  of  the  surfae^e.  Later,  there  is  a  tendeney 
to  connective-tissue  hyper|dasia,  though  this  is  less  marked  than 

^in  the  inise  of  the  chancre. 
The  Tertiaiy  Lesions. — The  gumma  is  composed  in  larpe  part 
of  round   cells  derived   from   the  Mood-vessels  and  }>roliferated 
connective-tissue  cells  having  a  spitidk'-sha|)e   or  various   irreg- 
ular forms.     Epithelioid  cells  are  less  ahundant,  aud  giaut-cells. 


t 


V 


■though  occurring  at  times,  are  usually  few  in  tuimher.  Plasma 
cells  may  iie  ahundant  in  syphilitic  lesions,  and  mast-cells  (M'cur 
in  small  nimihers.  The  Ulood-vessels  are  nearly  always  more  or 
less  afteeteii.  the  intinui  hcing  tliiekenetl  anil  the  adventitia  being 
also  involved  to  a  variahle  extent.  I'eriartcria!  changes  are  very 
conspicuous.  There  is  some  new  formation  of  hhxxl-vi-ssels,  the 
lesion  in  this  n's|H.'ct  differing  from  the  nodular  lesion  of  tubercu- 
losis (Fig.  106).  Secondary  changes  are  almost  always  seen  in 
gummata  of  consirlerable  tlimensions.  Among  these  may  be  i-ccog- 
nized  a  gr.iilual  necrotir  tnui>(<)rmation  of  the  cells  in  the  center 
of  the   lesion,   with   distinct   fatty   degeneration   or   myxomatous 
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change.  The  ilepiiieratetl  tissue  may  be  infiltrate<l  by  leukocytes 
in  a  state  of  fair  prt'servatiou. 

In  the  diffiKii'  tertiary  ieaiuns  of  syphilis  the  tissues  of  the 
affc'cleil  orgiiii  are  iii<iiri-atf<l,  the  wmnfctive  tissue  showinfj  more 
(tr  Ics.s  pronounced  hyper|>la.si!i.  Thf!-c'  processes  cannot  he  ccr- 
tiiinlv  distinguislifd  liy  tlieir  inicrnrit'opic  or  general  feature:-  from 
sclerosis  due  to  other  causes  urdess  there  are  associated  miliary  or 
massive  fruiiimata. 

Pathologic  Physiology. — Syphilis  is  one  of  tlie  most  per- 
sistent of  the  iideetiiiiis  diseases,  and  oeeasions  \videspn'a«l  changes 
tliat  are  ilouhtless  toxie  in  ehanietiT.  The  nature  of  the  toxic 
[irineiples,  tmwever,  is  entirely  unknown.  In  the  tertiary  stage 
pronounced  anemia  (cachexia)  is  frefjuent ;  and  in  the  secondary 
stage  rapid  cjiloro-anenna  with  leukocytosis  is  cjuite  common. 


'^^ 


Fio.  107.— Hutclilnion's  teeth. 


Congenital  Syphilis. 

Syphilitic  lo.Mons  may  Ijc  foimd  in  the  new-lwm,  or  may 
develop  .some  time  after  hirth.  Not  rarely  they  necur  in  the  new- 
horn  fetus,  and  cairse  its  premature  ileath.  Frequently  there  is  , 
maceration  of  the  fetus  prior  to  expulsion.  Among  the  lesions] 
ohsfi'ved,  srliTotic  I'tianges  in  the  lungs,  liver,  spleen,  jKincreu-s, 
and  other  origins  are  eonspieuous  ;  and  a  certain  eon<lition  of  tlie 
hones  is  ijnitc  elianieteristic.  The  latter  consists  of  a  Iiy})erj)lasia 
of  connective  tissue  and  fatty  degenenitioii  at  flie  junction  of  the 

,^ epiphyses  of  the  long  bones  with  the 

shafts.  Various  sujwrficial  lesions  of  ' 
the  skin   in   the   form   of  vesicles  op| 
bullic,  fissure,  and   the  like  may  be 
observed.      The    blood    may    pre.*ent 
con.siderable    excess    in   the    number 
of  leukocytes.     An  almost  distinctive  condition  of  second  denti-j 
tion  is  that  known  as  Hutchin.son's   teeth.      This  consists  of  a 
notched  indentation  of  the  cutting  surface  of  the  upper  central 
incisors.     In  addition,  the  tcetli  are  often  wedge-shajwd  and  leg- 
like (Fig.  107).    All  cases  of  inherited  syphilis  do  not  present  this 
condition,  and  it  occasionally  occurs  in  non-syphilitic  children. 

SOFT  CHANCRE. 

Definition. — The  soft  chancre  or  cliancroiil  is  an  infectious 
venereal  sore  a[)pearing  upon  the  external  genitalia.  The  bacil- 
lus of  Dupny  may  be  the  s|)eeitic  orgtinism.  ^| 

Etiology. — The  .«oft  ehauere  occurs  almo.st  exclusively  upon  " 
the  genital  organs  or  the  surrounding  pjirts.     It  is  alwavs  caused 
by  direct  contagion.  ^m 

The  bacillus  of  Ducrcy  and  Uniia  is  a  rod-shaped  organism ^| 
about   1.8   11  in  length  and  0.5  «  in  thickness,  and  is  somewhat 
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compressed  in  the  midille,  so  tluit  it  lias  a  figuro-of-8  shape.  Tiie 
ends  are  roiin(led  and  the  orjjauisrns  often  ix'cur  in  cliains,  or  hiter 
in  the  disea^  in  pairs  as  a  dipluhiu-illus. 

The  demonstration  of  the  bacillus  in  the  pus  is  comparatively 
easy.  The  specimen  is  .stained  with  alkaline  solutions  of  niethyl- 
ene-blue  and  quickly  decolorized  with  weak  acetic-acid  solution. 
In  tJie  tissues  the  demonstration  is  more  difficult. 

The  cultivation  of  tiiu  bacillus  ha."  not  thus  far  proved  success- 
ful, though  certain  hactcriolopists  claim  they  have  succeeded. 

The  bacillus  is  foimd  in  the  pus  of  the  soft  chancre,  as  well  as 
in  the  deeper  parts,  lying  between  the  cells  and  frefpiently  within 
the  leukocytes.  It  has  also  been  discovered  iu  the  pus  and  walls 
of  ulcerating  buboes,  but  is  generally  absent  iu  the  pus  of  un- 
opened buboes. 

Mixed  InfecUon. — Various  other  orgiuiisnis  have  been  found 
associated  with  the  bacillus,  including  streptoeueci,  staphyl<H'(Hri, 
the  gonococcus,  and  bucilli  c»f  uncertain   iiatuif. 

Pathologic  Anatomy. — The  soft  cliamre  is  an  ulcer  of 
variable  character.  I'sually  it  i.-  a  sirii|ile  ulcer,  with  suppurating 
base  and  edges,  not  (iitf'eriug  fnuii  ulcers  due  tn  other  <'auscs. 
Soraetimeis  the  ulceration  s*'euis  more  lualignunt  and  txikes  on  a 

!)hagetlenic  or  seq>iginous  character  (see  I^lccnition).  The  ncigli- 
Mjring  lvm|)hatie  gland.'^  are  usually  enlarged  and  sometimes 
undergo  siippurativr'  sot\euiiig  (bnlio). 

Pathologic  Physiology. — Little  is  Unowti  of  the  existence 

,  of  special   toxic  Ixxiies  in  this  disease.      It  is  Itelieved,  however, 

Iby  some  that  toxins  are  produced  by  the  bacilli,  and  thai  these  are 

capable  of  pnulucing  secondary  lesions  (bubo)  without  the  presence 

of  the  bacilli  themselves. 


I 


YELLOW  FEVER. 


I 


Definition. — Yellow  fever,  or  typhus  icteroides,  is  now  recog- 
nize<l  as  infectious  and  transmissible  through  the  bite  of  a  certain 
form  of  mosquito,  the  Stf(jomyia  fascia.  The  specific  organism 
has  not  ]>rt'i\  identifier!. 

Etiology. —  riie  Barillnn  icteroides,  discovered  in  1897  i)y 
jSanarelli,  seems,  iu  the  light  of  the  recent  work  of  Reed,  to  be  a 
»vondary  invader,  and  not  the  cause  of  yellow  fever.     It  is  not 

Im-sent  in  all  eases.     This  is  a  small  bacillus,  from  2  to  4  ft  in 
ength,  with  roun<led  extremities.      It  is  frei|urntly  united  in  pairs. 
and  is  actively  motile,  the  motility  bi-ing  due  to  frotu  four  to  eight 
literal    flagella.     The   organism    is   ])li'oiuorplious.      It   is   nadilv 
itainc"!  by  the  onliuary  anilin  dyes,  but  is  decolorized   bv  (iraiu's 
meth'Ml.     Reo<l  regards  it  as  a  near  relation  of  the  hog-cholera 
bacillus. 

Cultivation. — .Sauarelli   succeeded    in   obtaining  cultures   upon 
e  ordinar}-  media,  but  the  growth  on  the  surface  of  agar  is  most 
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distinctive.  When  iiK'iibattd  fur  twelve  hours  at  37°  C.  (98.6°  F.) 
and  tlu'H  alliiwcil  tti  tl(.-vt'lup  tiirthcr  at  lowor  tfnijK'raturfs  there 
will  be  (nund,  first,  semitraiisparent  rounded  colonies,  and,  later, 
enlarfrenient  of  these  with  the  forniatii>n  »(  a  thiek  white  border, 
giviiiir  tile  !i|jpearanef  of  a  drop  uf  sealiiip-wax.  The  charaeter- 
istic  growth  is  thus  obtained  in  twenty-four  hours. 

OiBtribtttion. — Saiiarelli  found  the  bacillus  in  the  various orp:ans 
as  well  as  in  the  blond.  He  succeeded  in  obtainiufr  cultures  in  58 
jjer  cent,  of  the  eases  studied.  Failure  in  a  large  projKirtion  of 
ea.ses  he  attributed  to  the  siusdl  number  ol'  l)aeilli  present. 

Pathogenicity. — The  patlmgcnit^  rolf  of  this  oriranisni  is  not 
proven.  The  discoverer  succeeded  in  prn<hicing  in  animals  lesions 
and  symptoms  very  analogous  to  those  of  the  lunnan  disease.  The 
dog  resjMjiuleil  most  s;itisfaetori!y.  Injected  into  the  veins  of  a  dug 
there  is  active  emesis,  then  hemorrhages  throughout  the  botly,  and 
finally  extensive  fatty  degeneratiou  oJ'  the  liver  and  kidneys.  In 
one  ease  e.xtreme  jaundice  ilevelopcil.  HlofKl-serum  of  patient* 
snflering  with  yelhiw  fever  causes  agglutination  of  the  bacillus  of 
Sauarelli,  according  to  some  observers,  but  Reeil  states  that  sucii 
agglutination  is  jrraetieally  wanting,  while  hog-cholera  serum 
causes  more  marketl  agglutination. 

Otiur  Mirr()-orf/(i)imiix. — Previous  to  Sanarelli's  work  a  great 
variety  of  nrganisins  had  been  described.  Anmng  others  a  bacil- 
lus by  Kiehanlson,  a  niicrocoecus  by  Fiiilay  and  Hr^lgjido,  a 
bacillus  by  (tibier,  and  other  organisms  by  Freire  and  f'arinona 
an<l  by  Sternberg,  None  of  these  organisms  appears  to  have  im- 
portance, or  to  be  the  same  as  that  di.«enverwl  by  Sanarelli.  The 
organisms  i.solatfnl  liy  Havelberg  about  the  same  time  as  Sanarelli's 
apjiear  to  he  ot"  no  imp<irtanee. 

77»,'  AWc  i)f  Mitxqtiitmx. — Recent  e.vperiments  of  Reed  and 
Carroll  have  dcioousiniled  the  inipmlauee  of  iiiiir.<|uitoes  as  agents 
in  the  transmission  of  the  disease.  It  has  been  definitely  proved 
1)V  Reed  and  his  associates  that  a  s]K'cial  form  of  mosquitu,  the 
Steg<yiiujia  J'nucia,  carries  tlie  contagion  from  one  iM'rsf>n  to  another. 
The  germ  must  pass  a  I'ertain  incuiiation  prTJod  in  the  iMwlyof  the 
mosijuito,  as  the  bite  of  the  latter  is  not  t'otuid  to  be  contagious 
until  after  an  interval  of  twelve  days  or  more  from  the  time  it  has 
fed  oLi  the  yellow-fever  patient,  X  bite  at  an  earlier  period  at'ter 
contamination  <lid  not  confer  immunity  against  a  subsequent  attack 
of  the  disease.  Experiments  witc  conducted  directly  in  non- 
imminie  volunteers,  and  the  traiismissibility  of  the  disease  was 
jTositively  proved,  Tlu'  incubation  period  of  the  disease,  the  time 
elajfsing  from  the  time  of  the  mosquito's  bite  up  to  the  first  definite 
symptoms,  varied  from  forty-one  hours  to  five  <lays  ami  .seventct.'n 
hours.  Mosquitoes  that  had  fed  on  yellow-fever  patients  were 
capable  ()f  transmitting  the  disease  for  many  days  after  their  recep- 
tion of  the  infected  bloo<l.     The  results  of  the  practical  measures 
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«>f  quarantine  instituted  at  Havana  in  jRconlance  with  Reed's 
work — di'st ruction  of  all  niosfiitit<H's  ami  oarrt'iil  i-xrlusioii  nfniKs- 
iiuit<»es  ijroni  tiie  patients,  with  entirt'  ilinrcganl  of  cluthiug,  tjtii- 
ding,  etc — show  tliat  tlie  disi-ase  !;«  not  dirwtly  contagious.  Non- 
immune nurses  atti>nd  yellow-fever  |iiniiiit.»  with  iinpmiity.  The 
inostiuitr*  alone  seciiis  tiic  earrier  of  ciintajiitm.  The  discas<'  I'an 
also  l)o  transniittinl  exjieriiiu'iitally  liy  siil»rutani(nis  injei'tiDiis  uf 
blooil  taken  from  patients  in  the  tirst  and  second  days  e>i'  the  dis- 
ease, whicli  proves  the  presence  of  the  parasite  in  tlie  hlood  at 
least  in  the  earlier  stages  of  tile  disease.  The  passage  of  the  para- 
site through  an  intermediary  host  is  therefore  not  essential.  In 
this  resm-et  yellow  fever  reseiuliles  malaria. 

Pathologic  Anatomy. — Tlie  lesions  of  ihis  disease  are 
maiidy  tho.se  of  the  intiTual  orgiius — liver  iind  kidneys.  In  the 
liver  extensive  fatty  degeneration  leads  to  some  swelling  and  light 
color  of  the  organ,  and  on  section  tliere  may  lie  niottleil  appear- 
ance due  to  the  alternation  of  healthy  and  latty  areas.  In  the 
kidneys  degenerative  changes  of  the  jiiin-nchyma  and  (fxtravasation 
of  bloofl  are  ass<K'iate<l  in  varying  ])ri)|K)rtiotis.  The  appearance 
mav  be  that  of  an  acute  heiuorrhagir  ne|»hritis,  or  more  particu- 
larly that  of  degenerative  nephritis.  Hemorrhages  in  the  mucous 
and  .serous  surfaces  are  frequent,  particularly  extravasiition  of  the 
mucosa  of  the  stomach. 

Pathologic  Physiology. — The  orgjuiism  of  yellow  fever 
probably  produces  abundant  toxin.  JSmall  numljers  u\'  the  liacilli 
seem  at  times  to  give  rise  to  violent  symptiims.  Sanarelli  has 
elaimeil  that  antitoxic  serum  is  «l)tainal)lc  from  immunized 
animals. 

\  MEASLES. 

Measles,  or  rubeola,  is  an  irdei'tions  antl  contagious  disease  in 
all  proliability  due  to  some  micro-urgauisin.  A  nund»er  of  micro- 
organisms have  been  discovered.  JSeveral  observers  (Canon  and 
Pielicke,  Czajkcwski)  have  found  a  l)a<"illus  somewhat  reseml)ling 
that  (if  influenza  ;  others  have  found  bacilli  resembling  the  j)seudo- 
diphtheria  bacillus,  but  the  bacteriology  is  .still  iinsetlled.  Doelile 
described  a  protozoan  tirganism  occurring  in  t!ie  blood. 

Mild  catarrhal  inflanimations  of  the  tiiucial,  na.sal,  and  con- 
junctival membranes  and  of  the  bronchial  nujcosji  are  customary 
lesions.  With  these  conditions  is  asso<;iated  some  congestive  ami 
inflammatory  enlargement  of  tln>  regional  lyinpiiatic  glands.  In 
severe  cases  pseudomendtranous  intiammiitious  i»f  the  throat  are 
sometimes  met  with,  and  broui'liopiieiimonia  and  ]>arencbymatous 
nephritis  are  occasional  complications.  The  cru])tion  of  the  skin 
is  the  visiide  evidence  of  a  nioderat*  dermal  and  snbderniai  in- 
flammation. Focal  necroses  of  the  liver  have  been  <lcseribed. 
Many  of  the  lesions  are  doubtless  cau.sed  by  secondary  infections. 
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SCARLET  FEVER. 

Scarlet  fcviT,  or  siarlalina,  i.s  an  infectious  and  conta^ous 
disease  probably  <l«ic  to  a  niiciT>-organibni.  A  variety  uf  urgan- 
isnis  have  been  discovered  in  cases  of  scarlet  fever,  bnt  none  a»  | 
yet  lias  jHnve*!  to  Ih'  sjjoeitic.  Among  other  l»acteria  the  pyo- 
genic iiiiiTiK'iHvi  (stn'|)tocn('fi)  have  been  regarded  as  etiolc^ic 
agents.  This,  liowevrr,  is  by  nit  means  estal)lished.  Protozoan 
organisms  luive  also  In'en  desiTibi-d  (I)oelde). 

Lesions  of  the  mucous  nieinlrranes  and  glands  similar  to  those 
of  measles,  but  usually  more  intense,  are  geneniUy  present.  Siip- 
liiir;vtii)n  of  the  glands  of  the  neck  is  a  possible  termination,  aiul 
severe  inflammations  of  the  throat,  middle  ear,  larynx,  and  trachea, 
wiib  endiH'urciitis  or  periearditis,  are  miieli  more  frequent  than  iu 
measles.  Many  of  these  complicating  conditions  are  caused  by 
secondary  infection  with  the  Streptococcus  pyogenes.  Diphtheria 
(as  contrasted  with  streptococcic  lesions  of  tlie  throat  presenting  a 
similar  appeanince)  is  not  rare  as  a  ennjplieation.  Parenehy- 
matous  nephritis  is  a  legion  of  great  clinical  interest,  wldle  focal  , 
necroses  of  various  organs  are  observed  in  fatal  xases. 

MUMPS. 

The  bacteriolitgy  of  mimtjis  is  uncertain.     Charrin  and  r'apltan \ 
isolated    a    number  of  organisms,  urairdy    mierococei   and   motile 
liaeilli.     A  number  of  other  authors  subsetjuently  oiitained  sinii- 
larlv    indefinite   results.     Laveran   and   Catrin    in   1893   found  a^ 
diplococeus.  H 

The  jiathology  of  mumps  is  tliat  of  an  acute  iiiHanimation  of 
the  parotid  or  submaxillary  glainl.  This  nirely  terminates  in 
suppuration  or  on  recovery  in  induration  of  the  gland. 


WHOOPINQ-COUQH. 


rtu»>H 


A  short  bacillus  was  discovered  in  the  expectoration  of  pert' 
sis  by  Afanassiew  in  1.S87.  He  injected  cultures  of  this  into  the 
trachea  and  lungs  of  dogs,  and  f  >imil  that  tlie  animals  became  ill 
and  diod,;ifter  pre-ienting  convidsive  cough  with  bronchitis  similar 
to  that  )f  wboo])iiig-rough.  Wendt  couHrmed  these  results ;  but 
Kitter  found  a  diplococeus  in  his  wises,  and  Cohn  and  Neimmun 
found  small  cocci,  idten  arranged  as  diplococci  or  more  rarely  as 
siiort  chains.  C'zajilewski  and  lleuscl  dest'ri be  ji  bacillus  resem- 
bling the  xerosis  btu-illus,  and  believe  tliat  the  organisms  of 
Cohn  and  Neumann  were  ifletiiical  with  theirs.  Others  have  dis- 
covered org:misnis  .-iuiilar  to  the  ortiinary  pyogenic  micrococci  j 
and  some  have  descrilied  protozoa  in  the  blood. 

The  lesions  of  a  persistetit  bronchitis  are  present,  iiut  are  not 
t'haracteristic. 
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TYPHUS  FEVER. 

A  number  of  micnvorganisms  have  been  discovered  in  this 
disease,  including  strepto-Willi  (Hluva),  small  granular  bodies 
growing  to  tlireiui-like  orgnnisnis  (Thi>inot  and  ("ulnu'tte  ;  Lcwa- 
seheff),  diploforci  ( DuUief  and  Krtihl).  Luwasrhoff  has  more 
recently  conchide^l  fruni  a  «tmly  of  158  case?*  that  the  niicroctxici 
of  Dubief  and  Briihl,  whiih  have  also  been  described  by  others, 
are  the  important  agents,  and  projwwes  the  name  Mici-ocoecuji  exuu- 
theiaaticuM. 

RABIES. 

Etiology. — We  have  every  reason  to  believe  that  rabies  is  due  to  a 
specitic  germ.     All  attempts  tf>  isolate  it  hiivt-  »o  far  failed. 

T7ru». — In  rabic  aniiiiaU  the  virus  i»  timiul  ]iriiifi(>iilly  in  the  saliva  and 
in  the  central  nervous  system.  It  is  ticcjwiuimliy  known  tii  pass  into  other 
organs,  iueh  as  the  laiTimal  irland  and  iho  jianerea-s.  It  is  wevn  found  in 
the  bliKid  or  in  the  livi*r.  spleen,  kidney,  or  llie  iiiuscle-tiH.sues.  The  fon- 
tents  of  the  stomach  may  contain  it,  owing  to  tin.'  swallowiiif;  of  the  saliva. 
It  aflecLi  principally  tin-  central  nervous  systeni,  and  is  found  in  the  most 
concentratJ'd  Inrm  in  tlie  medulla  oblongata.  The  virus  may  be  present  in 
the  saliva  for  at  least  three  days  before  tbe  aniniid  sliows  any  symptoms  of 
tnadnesit,  and  it  may  be  present  eigbt  days  belore  any  symptoms  appear. 
It  may  be  present  in  the  central  nervous  system  two  days  before  tbe  a|H>enr- 
aac«  of  any  symptoms.  The  symptoms  Jo  imt  sbow  themselves  until  tbe 
poison  i>r  virus  has  remained  in  ibe  nervous  ti.ssuc  lung  enougb  to  jinMlut'e 
structnral  and  functional  change.  After  it  is  introduced  into  tbe  bofly  it 
undoubtedly  "multiplies  itself"  during  the  period  of  incubation.  It  is  a 
"solid  IxHJy,"  as  it  may  be  removeii  from  tbe  .saliva  by  filtration  tbrough 
porcelain.  Tbe  virus  penetrates  to  the  nervous  system  by  following  the 
nerve-trunks  from  tbe  site  ()f  injury  to  tbe  spinal  cord.  This  bas  been 
proved  by  comparis(m  of  portions  of  tbe  cord  and  of  tlie  nerves  at  varying 
porio<ls  after  inoculation.  Tbe  virus  is  destroyed  by  drying  and  by  tbe 
ftction  of  ligbt. 

The  loss  of  virulence  by  drying  is  gradual  and  regular;  hence  this  is 
taken   advantage  of  for  tbe  jiroduction  of  "vaccine."     The  virii.--  is  com- 

■  pletely  destroyed  at  a  temperature  of  .ji)°  C.  (122°  F.)  in  one  hour.  It 
remains  uninjuretl  by  exposure  to  extremi's  of  cold — 10°  or  2'l°  below  zero. 
The  DniK/rr  from  Bite.*. — Tbe  richer  the  nerve-su[i[)ly,  tbe  greater  the 
danger,  and  punctured  wounds  are  more  dangerous  than  lacerated  wounds. 
The  Wolf,  the  cat.  and  tbe  dog,  in  tbe  order  named,  are  the  moat  dangerous 
animals. 

Prriml  nf  Incubation. — Man,  forty  days ;  cats,  fourteen  to  twenty-eight 
days ;  dogs,  twenty-oue  to  forty  days  Other  animals  vary  from  fourteen 
to  (ifly-six  days. 

The  iSeoiOH. — More  fre<pieut  during  the  period  from  April  to  September 
than  any  other  part  of  the  year. 

Psendohydrophobia  or  Lyssophobia. — This  is  simply  a  condition  of 
fright,  and  tlie  patients  invaria1)ly  recover. 

Pathology. — Grow  A/tpnirfinrrK  in  Ortjatif. — There  is  no  gross  lesion 
that  can  be  considered  specific  of  tbe  disea.se.  The  cadavers  are  apt  to  be 
eniaciate<i  and  to  become  putrid  rajiidly.  The  blood  i."  usually  dark  and 
thick.  The  brain  and  the  membranes  may  be  congested,  and  may  even 
•how  slight  hemorrhages.  The  gastro-intestinal  tract  and  tbe  re.sjdratory 
tract  may  be  congested  and  also  show  sliglit  liemorrhages.  Perhaps  the 
19 
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nvMt  constant  feature  \»  thepreseuce  of  foreign  bodies,  such  as  wood,  Ktraw, 
hair,  etc.,  in  the  stoinucb.  This  condition  is  found  in  about  90  per  cent  of 
all  ciisi-x. 

Microscopic  Appearance. — ^There  ia  nothing  diHtinctive  outside  of  the 
nervous  system.  Changes  are  found  fn  the  gantlia  of  the  cerebrospinal  and 
sympathetic  systems,  and  are  especially  niarkea  in  the  plcxifnrm  ganglion 
of  the  jiiieumogastric  nerve  ami  in  the  Gasseriaii  ganglion.  Normally, 
tbe>e  ganglia  are  composed  of  sujiporliiig  tis,sue  holding  in  its  meshes  the 
nervc-celLs.  These  nerve-cells  are  surronnded  by  an  endnlhelial  layer  and 
capsule.  The  rabic  virus  brings  about  an  abundant  multiplication  of  the 
cells  lining  this  capsule,  leading  finally  to  the  destruction  of  the  normiil 
ganglion,  and  leaving  in  its  place  a  collection  of  round-cells.  All  ganglion 
cells  are  not  markedly  changed  ;  some  are  slightly  or  not  at  all  changeil; 
others  are  entirely  destroyed.  These  changes  are  particularly  marked  in 
the  dog,  less  s<i  in  man,  and  still  less  so  in  the  rabbit.  The  ganglion  of  the 
pneumogastric  nerve  is  the  one  generally  cbo.sen  for  examination,  and  it 
tihould  be  removed  immediately  after  death  and  placed  in  absolute  alcohol 
or  in  fornialin  solution. 

PROTEUS   INFECTION, 

The  Bncillui  proleus  vulyariif  and  its  several  sub- varieties  occur  in  decom- 
posing animal  matter  and  in  association  with  necrotic  and  gangrenous  pn>- 
cessea  in  the  living  body.  The  organism  is  a  small,  motile  bacillus,  occur- 
inp;  in  pairs  and  less  often  in  chain  formations.  It  is  abundantly  sup- 
plied  with  fiagella. 

CultiTation  and  Demonstration.— The  organism  grows  very  well  at 
ordinary  temperatures,  and  forms  characteristic  growths  on  gelatin  plalM. 
At  first  yellowisli  colonies  with  outgrowths  are  formed  ;  the  gelatin  lique- 
fies, and  the  outgrowths  move  about  in  a  tortuous  manner  and  oecorae  sepa- 
rated from  tlie  original  growth.  Peculiar  figures  are  formed,  and  the  term 
Bacilluf  figuriiuf  ba>  been  applied.  The  cultures  liave  a  putrid  odor.  The 
organism  is  readily  stained  with  firdinary  solutions  like  carbol-fuchsin. 

Pathogenicity. —  Injected  intravenously  in  animal.s,  hemorrhagic  vomit- 
ing and  diarrhea  result.  In  man  the  bacillus  has  been  found  associated 
with  phlegmonous  inflammations,  gangrenous  processes,  cystitis,  and  in 
infectious  icterus  (Weil's  disease). 


THE  HEMORRHAQIC  DISEASES. 

The  liemnrrlijtjiic  (iist-a.'if.';  ronslitiili'  a  fjroiip  of  atfcctions  of 
iiroliably  fjuito  (livrTfjent  t-haraotiT,  wliirh,  however,  arc  similar 
in  prt'si'iitinfi  lieniorrliajjcs  in  niid  from  tliu  mucous  nienihnincj-,  in 
the  skill,  .«uroii.s  surfaces,  ihkI  in  ihe  (leeper  tissues  or  orpins. 

The  ireneml  eaiises  of  heniorrtiiifre  must  be  considered  in  con- 
nection witli  tiie.sc  diseases.  Amoiijx  tlic  causes  cajMihle  of  pro- 
ducing Iicmiirrhapes  such  as  occur  in  tlie  hemorrliafric  di.sea.ses  an* 
nuvhanivtil  rondidmn',  a.s  atlicronia  or  other  diseases  of  the  walls 
of  the  l)loo<l-ve8.sels ;  to.ric  conflitiinis,  .such  as  poisoning  liv  the 
ventini  td'  animals  and  by  various  blimd-iKiisons,  and  proliablv 
oViscure  jjoisons  produced  in  tlie  course  of'  anemic  or  other  dis- 
eases ;  hifectioua  cnndiilom,  such  as  occur  in  licniorrhagic  variola, 
scarlatina,  etc. ;  and  jirrcoKJf  t'ouflilinvn,  as  arc  ilhistrated  in  the 
heiuorrhages  following  injuries  to  the  brain  and  those  accompany- 
ing certjiin  states  of  cerebral  excitation. 
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Clinically  the  heniorrhaiEric  diseases  or  purpuras  may  bo  classi- 
tii'fl  as  primorif  and  necondnri/,  tlx'  forni(:'r  ftcciirrin^r  witbout  any 
definite  preceding  disease  ;  tlie  latter  Iteinjr  !-ynipt(>iiiiiti<'  of  various 
dis^inlers.  Among  the  prinuiry  there  are:  {!)  injWtioun  fonim, 
including,  with  more  or  less  probability,  piirpiini,  scurvy,  and 
various  forms  of"  crj-ptogenetic  sepsis  ;  (2)  (oxir  J'onim,  iw  those  due 
to  drugs  and  venom  of  animals  ;  (3)  iiirfhauieaJ  Jornm,  as  hemo- 
philia. Among  the  secondary  pur]iiir!i.-s  are  :  {I)  infixtioiM j'omui, 
as  scarlatina,  variola,  and  the  like  ;  (2i  wiThtniionl  Jorm»,  as  those 
due  to  cardiac  and  arterial  diseases,  or  etnliobsm  ;  (3)  toxic  fonnn, 
as  tJiose  resulting  from  intestinal  auto-intoxications,  jaundice, 
pernicious  anemia,  etc. ;  and  (4)  nervoiun  j'omus,  as  those  due  to 
hysteria,  diseases  of  the  brain,  etc. 

The  infectious  purpurai;  interest  us  particularly  in  the  present 
place.  Various  micro-organisms  have  been  found  iti  dlH'erent 
forms  of  hemorrh:igic  disease.  Kolb  descril>ed  a  baeiiliis  psitho- 
genic  for  animals,  which  occurred  in  five  cases  of  hetimrrhagic 
purpura.  Babes  and  Oprescu  isolated  a  bacillus  from  one  case  of 
nemorrliagic  septicemia,  and  others  have  found  variiuis  niicnKoeci, 
especially  the  strept(K'f)ccus.  It  is  not  unlikely  that  many  of  the 
micro-organisms  may  assume  a  peculiar  virulence  and  acfjuire  the 
power  to  produce  hemorrhages  under  certain  cirruiu.stances. 

The  plague  bacillus  and  the  Bacillus  ietemides  or  liog-cbolera 
bacillus  are  closely  allied  in  their  patho<renteity  to  the  group  of 
r^nisms  here  under  consideration. 

In  scurvy  several  micro-organisms  have  JH'cn  de.«cribe<l,  but 
the  one  which  hsis  the  l>est  claim  for  eousidenvtion  is  that  dis<.'f)v- 
cred  by  Biibes,  a  delicate  bacillus  occurring  in  the  gums.  Strepto- 
cocci were  found  in  association  with  it. 


RHEUMATISM. 


^B       Definition. — .\cutc  articular  rheumatism  is  probably  an  in- 

^Bfe<.rtion^  condition;  the  nature  of  the  infectious  agent,  however,  is 

^■uncertain. 

^"  Etiology. — The  manifestations  of  rheumatism  agree  verj'  well 
with  those  of  infi-ctious  disea.ses,  and  some  of  the  lesions  frequently 
I'omplicating  the  disease,  such  as  endwarditis,  are  invariably  in- 
fective. The  relationship  l>etween  tonsillitis  and  rheumatism  lias 
been  explained  by  sotneas  that  between  primary'  and  secondary  dis- 
onlcr.  It  is  sup|M)se<l  that  the  infectious  agents  effect  an  entniuee 
into  the  bixly  through  the  tonsils,  causing  primary  tonsillitis  and 
secondary  general  infection,  with  tm^alization  in  the  joint*.  In 
other  cases  it  has  Vn-en  held  that  the  organisms  enter  through 
jrasions  of  the  skin  or  in  other  ways. 
Guttmann,  one  of  the  first  to  maintain  the  infectious  origin, 
Jescriljed  a  Stnnhvlococciis  pyogenes  flavus  discovered  in  one  of 
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his  cases.  Salili  found  an  nrganisni  which  he  classified  as  Staphylo- 
coccus pyogenes  citreus.  He  enunciatotl  the  theory  that  rheuma- 
tism represents  a  form  of  stapliyiix'oceie  infection,  the  oi^nisnis. 
however,  l)einfj  of  a  low  grade  of  virulence.  They  are  not  fnund 
abundantly  in  the  exudations  in  the  joints,  as  they  remain  fixed  in 
the  synovial  tissues.  Henee,  they  are  difficult  of  discovery. 
Other  orfpinisni>i,  inelnding  various  forms  of  i)acilli,  have  been 
deserihed. 

Li'vdeii  ami  others  liave  deserilied  a  streptiM-occiis.  and  it  lias 
l>eet)  shown  tliat  tliis  ((rsr.iuisiii  is  i-aimhli'  "f  pri«luein';  arthritis, 
cndoeanlitis,  and  perieanlitis  in  ex|)eriiueiitai  animals. 

Very  recently  Aehalrnc  has  descriljed  a  bacillus  which  he  aud 
otiiers  have  found  in  a  iiimiher  of  cases  of  acute  articular  rheuma- 
tism. It  is  a  large  baciUus  resenililiug  that  of  anthrax  ;  sometimes 
it  is  motile;  it  stains  well  with  aiiiliii  liyes  ami  with  CJranj's  slain; 
may  have  a  eapside  ;  ami  furnis  pohir  spures  much  larger  than  the 
bacillus.  'I'hts  organism  is  obligate-aiiaeri<bie,  growing  best  in 
lirpiid  media,  in  which  it  forms  small  liubbles  of  gas.  The  urgau- 
ism  is  closely  allied  to  or  identical  with  Welch's  Bacillus  aerogenes. 
Tliioroloix  claims  to  have  produce<l  typical  symptoms  in  the 
rabbit  ;  and  the  imx'iilatii>[i-t.'.\periments  of  uthers  have  given  sug- 
gestive results.  This  baciUns  was  i>btaiuc<I  frnm  the  blo4Hl  in  a 
nuTuberiif  cases;  ami  from  the  j>prii'ardial  tlui<l  and  blood  in  a 
.state  of  purity  in  one  i-ase.  The  orgjuiisms  have  Ircd  found  Id 
sections  nf  the  heart-miisele  and  valves. 

Tlie  fact  ihiit  une  orgiuiisni  or  aimther  jirndiices  inflammatori- 
lesions  in  the  ji>iiits.  eiulncanliuin,  or  pericardium  nf  animals  when 
injected  iiitniveuoiisly  does  not  prove  a  s|iocitie  relation  of  the 
organism  to  rlu-umatism.  Doubtless  various  organisms  are  ca]>able 
of  pmdueing  such  lesions. 

[For  tlie  pathologic  anatomy  of  rheumatism,  see  Diseases  of 
the  Joints,] 


MALTA   FEVER. 

Synon3rms. — Mediterranean  Fever ;  Gibraltar  Fever ;  Febris 

Undulans. 

Definition. — This  disease  has  been  described  as  a  form  of 
irregular  fever  occurring  along  the  Mcditcrnmcan  coasts.  It 
has  been  regarded  as  an  aberrant  form  of  typhoid  fever,  but  is 
certainly  inde]>cndeiit. 

Etiology. — The  micro-organism  discovered  by  Bruce,  and 
designated  Microc(K'cus  melitensis,  is  by  many  regarded  as  the 
specific  cause.  This  is  an  ova!  micrococcus  about )[  ft  in  diameter, 
of.'curring  singly  or  sometimes  in  pairs,  but  never  in  chains.  It 
has  no  motility  of  its  own.  It  may  be  stained  witli  onlinarv  solu- 
tions of  anilin  dyes,  but  not  by  Gram's  method.     It  occurs  abun- 
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dantly  in  the  spleen,  but  not  in  the  hloo<l.  Pure  enltiires  have 
been  obtained,  and  iniK'nhition  in  nmnkevs  lias  swnied  to  give 
positive  results.  Malta  fever  is  not  eontajofious.  The  miero- 
organisnis  seem  to  enter  the  botly  tlirougli  tlie  respiratory  or  the 
intestinal   tract. 

Pathologic  Anatomy. — The  nuicons  mi'nihnine  of  the  Hniall 
intefitine  is  ret!  and  the  solitary  folliek'.«  and  Peyer's  patehes  are 
sometimes  swollen.  The  niiieusa  of  the  large  intestine  is  geneniHy 
dark  red  and  presents  small  nmnd  or  larger  irregular  uleenttions, 
from  whieh  intestinal  liemorrhages  neeur.  In  some  eases  h'sions 
of  the  ileum  resenildiiis,'-  tlmsi'  of  typhoid  fever  have  Iteen  de- 
»eribed  ;  but  it  is  doalitfid  if  the  eases  in  whieh  these  oeeurred 
were  Malta  fu-ver,  and  not  typltoid.     Ihe  spleen  is  enlai^ed  and 

^B  by j>eremic. 

^1  Pathologic  Physiology. — Malta  fever  is  eharaeterized  by 
irregular  fei)rile  uiovcnienfs.  The  eause  of  this  irregularity  and 
tlie  nature  of  the  toxii;  siiUstauee  generated  in  the  disease  are  un- 
known. Kereuliy  a  seniiii-nai'tiKn.  liki-  that  of'  W'idal  for  (yplioid 
fever,  has  been  obtained  with  the  terum  and  cultures  of  Malta 
fever. 

IBERI-BERr. 
Definition. — This  disease  is  an  infection  due  to  undetermined 
cau-jes.  It  <xxMU's  iu  tropit'al  and  subtro|tical  countries,  and  is 
characterized  by  muscular  weakness,  genendized  nuiselc-)«iins, 
ilntpsy,  and  eanliac  faihin".  The  essential  lesions  seem  to  be 
degeneration  and  intlatuiitatiou  of  the  peripheral  nerves. 
Etiology. — Ileri-bcri  occurs  among  young  |)ersons  and  usually 
affeets  muuijers  of  jn'ople.  It  is  most  frequent  along  ocean  coasts 
and  great  rivers,  and  is  most   j)revalent  duriitg  damp  seasons  of 

■the  year.     It  di>es  not  seem   (o  lie  contagious. 
\  arious    micro-organisms    have    been    tleseribe<l,   incbuling    a 
number  of  bacilli  and  microroc  ci,  a.-5  well  as  organisms  resembling 
tlie    malarial    hematozoa.     One    observer    (Taylor)    was    able    to 
proiluce  the  disea.<3C  in  animals  by  the  injection  of  blood  fn»m  a 

■  dist-ased  jK-rson. 
Pathologic  Anatomy. — Among  the  lesions  nb.ser\'ed  are 
pimetate  iiemorrh.iges  iu  the  serous  surfaces  ;  parenehvmatous  and 
fatty  degeneration  of  tiie  heart-musele  ;  etdargemeut  of  the  liver 
and  spleen.  Degeneration  and  inJlamniation  of  the  peripheral 
.nerves  arc  constant  and  important  eouditions. 
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PROTOZOA. 

Classification. — The  protozoa,  uecordiiig  to  Butsclili,  may  be  divided  into 
four  classes:  1.  Sarkodina,  forms  having  the  general  characteristics  of 
ama>b« ;  2.  Afastiffnphora  (flagellatu),  forms  having  a  small  number  of 
flagella;  .3.  In/itnoria  (ciliata).  forma  which  have  n  more  elaborate  arrange- 
ment of  cilia  or  rtagella  ;  4.  Sporozoa,  invariably  parasitic  protOEoa  which 
are  rarely  ameboid  and  multiply  by  a  form  of  sporulation.  Tb«ae  cloiet 
cannot  be  readily  separated. 

AM(EBA  COLI. 

Description. — This  organism,  first  .iccurately  tloscribed  hy 

Losc'h,  is  iiij  unu'boiil  hody  (Voin  20  to  30  ti  in  diatiieter,  cons^ist- 
ing  of  a  clear  protoplasmie  outer  jxirtiou  and  a  finely  or  coar*iy 
gniniilar  protoplasm  withiu  (Fig.  108).  It  fret]uently  shows  vacu- 
oles and  somctitnes  a  niicloiis.  It  presents  active  amc4)oid  move- 
ments when  studied  on  a  warm  stage  of  tlie  niicroscojH'  ;  and  fre- 
quently contains  foreign  hoilies,  siiel)  as  l)aeteria,  pigment-jiartieles, 
and  portions  of  blood-corpuscles  or  other  cells. 


Fia.  108.— AmcsUa  cnll  in  intL-stindl  mucoi,  with  blood-corpuscles  and  bacteria  (lyclschl. 

In  the  movements  of  the  organism  pseiulopodia  are  projected 
from  some  part  of  tlie  periphery.  These  at  first  draw  u|K)n  the 
clear  peripheral  zone,  but  after  their  formation  the  granuloplasm 
flows  into  the  projected  jiscudopods.  When  in  unfavorable  sur- 
Rumdings  the  organism  nndergwH  a  form  of  cliunge  called  the 
encysted  state.  In  this  the  ImmIv  becomes  spherical,  and  the  wall 
is  eventually  stitF  and  firm  and  usually  presents  a  double  tvmtour. 
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The  division  into  a  cletir  and  a  granular  protoplasm  is  lost,  the 
organism  iu-ing  miifornily  <jraiiuliir. 

I  XMstribution  and  Pathogenesis. — Tlie  organism  in  ques- 
tion lias  been  tbiiud  ainindantly  iu  the  stnols  of  patients  suffering 
fnjm  <lysentcrv.  It  is  readily  detected  in  the  neerotie  jiartieles  or 
tlic  mucus  of  the  stnols,  and  lias  als<»  lieen  found  in  tlie  tissues  of 
the  Iwwel-wali  adjaeetit  to  the  dysenteric  tileers  and  abundantly  in 
the  livcr-aiMscesses  secondary  to  dysentery. 

It  has,  however,  iiecn  found  in  tlie  dejections  from  cases  otiier 
than  dysentery,  and  even  in  the  stools  of  healthy  individuals. 

The  |)athogenie  ini[)ortai)ee  of  this  organisni  eaunot  lie  [wsitively 
established  until  cultures  are  obtainable.  Thus  far,  attempts  to 
i>ecure  pure  cultures  have  failed.  The  injection  of  mucus  eoiitain- 
ing  the  ama?ba  into  tlie  reetiuu  of  eats  and  other  animals  lia.s  ocea- 
sionally  pro<luee<l  typical  dy.senlerv,  but  this  docs  not  prove  the 
pathogenii'ity  of  the  ameba.  The  regularity  of  the  oreiirreiiee  of 
the  orgjinism  in  certain  forms  of  dy.sentery  and  its  ri'latioiis  to  the 
lesions  are  the  strongest  evideuces  in  favor  of  its  [latliogeuie  n'ld'. 
Some  investigators  <listinguish  between   Anifidtt  roll  comMniiis 

\  or  mitin  and   .1,  co// f/^.s<.'///<r/c/,  according  as  the  ortiaiiisui  .seems 

I  to  be   non-|>athogenic   or  jwlhogenie   when   iiitrotluoed    into   ilio 

I  rectum  of  eats. 


I 


OTHER   AMCEB>e. 

Several  other  amoebie  of  lesser  imjiortance  have  been  discov- 
ered. Among  these  are  the  Amo'/in  iiritxilis,  finuid  in  the  urine  in 
cases  of  cystitis,  and  several  forms  met  with  in  the  mouth,  t-spe- 
cially  alxiMt  the  teeth. 

CERCOMONAS  INTESTINALIS. 

Tlii.s  organism  is  a  pear-shaped  bo<ly  with  a  sharp  anterior 
extremity  provided  with  a  delicate   short  ciliuni.     The   broader 

C)sterior   end    is    pnivideil  with    a    long,  tiiil-liki"    llaj^clluin.     A 
rger  and  a  smaller  variety  have  been  destTibed  (Fig.  108).    The 


>^-^ 


""■"-^  V^ 


Fio.  109— Cercumonns  intesUnaliii:  n,  larger,  6,  smaller  variety  I  liHvaine). 

'former  is  the  variety  usually  found,  and  is  from  10  to  12  ft  in 
[leuifth.  A  minute  oval  aperture  has  been  found  at  the  anterior 
extremity. 

Sifftiijicunce. — The  oi^nism  has  been  discovered  in  great  i]um- 
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bers  in  various  diarrheal  coiuiitions,  especially  in  cholera.  It  is 
not  known  to  have  patliogfiiic  powers.  It  is  not  improbable  tliat 
tbe  organism  is  in  reality  a  form  ol'  trichomonas. 

CERCOMONAS  COLI   HOMIMS. 

A  single  oliservation  of  this  organism  was  made  by  May.  The 
body  of  the  parasite  was  not  quite  the  size  of  a  red  corpuscle; 
ratlier  graiitilar  and  glistening  and  slightly  greenish.  It  was 
.-•pindle-shapcd,  the  antcrinr  ciui  mure  blunt  than  the  posterior. 
FiKir  cilia  wltc  i'ound  attached  to  this  end,  and  upon  one  side  of 
the  organism  was  seen  an  luididatiug  meniliranc.  In  the  same 
ease  smaller  boilies,  less  developci!  and  probably  younger  para- 
sites, were  discovered.  Tiie  patient  suffered  from  carcinoma  of 
the  stomach  and  elironic  diarrhea. 


TRICHOMONAS   INTESTrNALIS. 

This  organism  is  jtear-shajM-d  ;  from  10  to  15  //  in  length 
and  7  ft  in  bn-adtli  (Fig.  110).  The  anterior  entl  is  blunt;  the 
])osterior   entl    is    prolonged     into   a    sliarj),    tail-like    projection. 


Fio.  110.— Trichomona!!  intcstiiialis  (Ziinkvr). 

The  body  is  granular  and  contains  one  or  two  ImxHcs  resembling 
vacuoles.  Xear  the  anterior  end  at  one  side  may  be  seen  a  row 
of  ten  or  twelve  cilia,  which  give  tlie  orgimism  active  motility.  It 
has  also  ameboid  movements. 

Si</nijirawr. — This  orgimism  has  been  found  in  eases  of  diar- 
rhea, but  its  significance  is  doubtful. 


TRICHOMONAS   VAGINALIS. 

This  form  is  rather  smaller  than  the  last,  with  an  attenuated 

caudal  eml  and  a  more  blunt  imterior  portion,  ]>rovidi'd  witli  three 


there  is  a  lateral  undulating  mendmine  with 


IX  or  seven 


flagella  : 
short  cilia. 

iififfhijicance. — The  organism  has  been  found  in  cases  of  vagini- 
tis due  to  various  causes,  but  also  in  the  absence  of  evident 
disease. 
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OTHER   FORMS  OF  TRICHOMONAS. 

Stemberp  has  found  several  fonns  in  the  month,  and  especially 
about  the  teeth.  These  have  been  termed  TrictintmmMs  flii<;i*llata, 
Trichomonas  caudata,  and  Tricliomonas  elongata.  A  trichonionaa 
closely  related  to  T.  rti(/inii(in  has  been  tViiind  in  gangrene  of  the 
lung  and  in  putrid  bronchitis. 


TRYPANOSOME. 

Several  varieties  of  trvpanosonic  have  been  recognized  in 
animals,  notably  in  hoi-ses  ami  cattle.  .Vnnmg  these,  T.  evansi 
(Steel)  ha'N  been  foniul  in  the  tli^'aise  ".siirni"  in  Imrsf^  ami  mules 
in  India  and  Hiirniaii  ;  the  T.  hritvvi  (I'liminiT  ami  ISradfonl)  iia.'* 
l)«"en  fnnnd  in  "  iiagana,''  a  disi'a.-ic  u\'  liorscs  and  catlh-  in  (  Vrilral 
Africa  ;  a  form  i>robal)ly  identical  with  7'.  Iinuri  has  liwn  i'oiiiid 
in  "  mal  ilc  Ca(lcras,"  a  di.scase  similar  to  surra  an<l  napma  in 
Central  South  Africa  and  Brazil ;  T.  n/iiiiHrihiin  (Doflciii)  or 
T.  rowjdi  (Lavenin)  in  tiie  disease  of  lu>rs<'s  known  as  "dourine" 
in  Algeria  ami  other  countries.  A  few  ntlicr  (brms  have  Ijeen 
recognized. 

'ihe  trvpanosoma  was  recently  discovered   in   the  bliHid  ol"  a 
human   patient    by    Dntton.      The  patient,   an   Engli.-^hniaii,   had 
t)een  alon^r  the  (iamliia  Hiver.  and  bis  symptoms  wrrc  much  the 
same  as  those  nu't  with  in  auiinai.-'  from  thi'  same  partisitic  inva- 
sion,   (in-at  wasting  and  weakness,  especially  in  tlie  legs  ;  irrcgidar 
rela[>sing  fever;  edema,  especially  abont  ihe  eyes;  iniccttnii  of  the 
skin  and  conjunctiva; ;  enlargement  and  tenderness  of  the  s|ileen, 
and  constantly  freoiicnt    pidse   and    rtfspirations,  were  the  prin- 
cijial  pymptoms.     The  trypanostmia  is  a  minute,  ■worm-like  budy, 
difficult  to  see  in  the   fresh   blmid  with  a    magnificatinn  nf  ;?((() 
^Ldianieters.     One  end  of  tlie  para>ite  is  dniwn  out  into  .a  flagelliim  ; 
^■the   other  end  is   bluntly  ennical.     An   undulating  metidii-ane   is 
^■attached  along  the  bmly,  which  is  sliurt  and  thick  an<l  gramtlar. 
^■^'ear  the  pj&terior  end  is  fomid  a  refractile  sjiot  (vacnole).     Tlie 
Hpara.site  moves  with  the  fiagellnm.  anterior  end  in  front,  but  may 
move  backward.     Thi'organi<m  readily  dies  in  fresh  jireparations. 
In  the  stained  prepanitiim  it  was  found  18  //  to  -•)  /i  in  length  and 
from  2  fi  to  2.8  /i  in  width. 


^ 


BALANTIDIUM  COLI. 


^alantidinm    or    Parainecinm    eoli    is   a   rounded    body   from 
0.07   to  0.1    mm.   in   length   and   slightly    less   in   breadth   (Kig. 
HilO).     It  is  surrounded  bv  a  coat   of  eilia  closely  set.     There 

L 


298 


TEXTBOOK  OF  PATHOLOOT. 


18  an  oml  aperture  at  one  end  and  uii  anal  opening  at  the 
other.  The  siil):*tanee  of  the  parasite  is  fjmmilar,  and  e«m- 
tains  a  nucleus  and  two  contractile  vacuoles 
besides  various  foreign  matters.  EncystfJ 
forms  with  a  tliickeiied  capsule  have  been  de- 
scribed. 

Si;/nijicance. — The  hog  is  the  natural  host  of 
this  parasite.  Man  is  probably  infected  through 
drinking-water  or  contaminated  food-stuffs.  It 
is  found  particularly  in  uortlierii  countries  of 
Europe,  and  occurs  in  cases  of  diarrhea  prin- 
cipally involving  the  large  intestine.  Chronic 
catarrhal  inflammation  and  dysenteric  lesions 
have  been  described.  The  organism  is  prob- 
ably irritating,  liut  wiiethcr  pathogenic  or  not  is  unknown. 

Ka/nntiitium  minulinn.  Tliis  species  resembles  the  Bnlantidiuni  coli,  bat 
is  stnuller  (40  fi  lf>iig),  liiis  a  more  prominent  nvrntli.  iiml  Imt  one  racuole. 
It  liaa  lieen  found  in  association  with  Sfron^/Zolifm,  Aiil-i/fnu/tniin,  and  AiturlMt. 
Ita  signififuuee  is  unc-ertaiii. 

MEQASTOMA   ENTERICUM. 

This  orgtiuisiu  in  its  active  state  is  irrcgidarly  pear-shaped,  and 
presents  at  its  broad  end  a  ciip-slia]»ed  depression  situated  oblit^uelv 
at  one  side  (Fig.  1 12).     On  the  atiteriur  edge  of  the  depression  are 


^^i^J 


Kl<i.  ni.-Iialaii- 
tidium  coU  (Malm- 
•teoj. 


Fiu.  112— McKOstoma  euterlcum  from  tho  Ititi-stliii's  of  a  imiiiae  (Graiul  and  Sclictvinkoff). 


attached  two  huig 

two  pairs  of  cilia. 

vesicular  structure 

is  tincly  granular  and  is 

free  the  orgiun"stn  is  capal)[c  of  rather  rapid  motion,  but  in  the  in- 


ilia,  antl  at  one  point  of  the  ]H)sterior  lip  are] 
In  the  base  of  the  deprt^ssion  are  seen  twoi 
(nuclei)  united  by  a  Imnd.     The  pn>topIa.<m 


irroundcd  by  a  delicate  caj)sule.      NVheu 
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testine  it  is  attachtnl  to  the  epithelial  fells  by  its  ciip-siiajtwl 
depression.  The  organism  exists  in  this  Ibnn  in  the  diuxlenuni 
and  jejunum.  In  tlie  eolon  or  otiier  untiivorahle  sitiiatii>u.--  it 
forms  oval  encysted  hodies  showing  tlie  nuek'i  ami  cilia  within. 
Signifiii'ance. — MegiLstoniii  is  a  i'rwini'tit  pjini.site  of  the  imm.se, 
but  ha.s  been  found  in  the  inte.stines  of  other  animals,  and  ix'eusion- 
ally  in  man.  It  ha.s  l»een  i'dinid  e.s|«>eially  in  elironie  diarrlieal 
cotidi lions,  and  at  time.s  appears  in  the  stools  in  immense  numbers. 
No  definite  lesions  have  lieen  found,  and  the  pathogenieity  of  the 
germ  is  uncertain. 


MEMATOZObN   MALARI/E. 


• 


I 


The  organism  vvliich  is  now  recognized  as  the  cause  of  malaria 
is  an  animal  org;inisni  of  the  protozoan  group,  the  e.xact  biologic 
position  of  which,  however,  remains  imdctermiiicd.  Most  authors 
regard  it  as  one  of  the  sporozoa.  It  iMTiipies  tlic  KIinmI  and  the 
vascular  channels  of  the  various  orgjuis,  deriving  its  nourisfinicnt, 
for  the  most  }>art,  directly  from  the  blood-corpuscles.  Malaria 
has  been  regardetl  as  a  water-borne  and  as  an  air-borne  disease. 
No  positive  proofs  have  been  obtained  for  either  view. 

Direct  contagion  does  not  occur,  but  it  has  been  shown  that  the 
bhxxl  is  infections  wIk'ii  introduced  into  the  circulation  of  a 
healthy  jierson.  The  drinking  of  the  blood  <loes  not  give  rise  to 
the  disease.  Certain  external  eonditious  arc  favorable  or  n<'ces.sar)' 
to  the  development  of  the  di.s(."a.se.  These  extcrnat  comlitions  are 
moi.st,  marshy  soil,  atmospheric  luunidity,  and  high  teinjrcraturc. 
The  disease  occurs  in  the  lowlands  or  bottondands,  an<l  very  rarely 
ill  high  and  dry  ground.  Extensive  excavatitnis  and  the  like  may 
cause  the  appearance  of  the  disease  or  increase  it,  and,  on  the  i>ther 
hand,  suitable  drainage  may  cause  its  diminutiiHi  ordi.sjijipearancc. 
The  relation  of  all  these  conditions  to  malaria  is  explained  by  the 
demon.stration  of  the  part  played  by  mosquitoes  in  the  tninsmissiou 
of  the  contagion. 

The  Hematozoon. — Three  forms  of  malarial  pantsitcs  have 
been  distinguishcil  ;  ami  it  is  likely  that  these  are  three  d(>finite 
Bpecie.s,  although  .some  still  maintain  they  arL>  merely  alterations 
of  the  sime  orgjinism. 

The  Parasite  of  Tertian  Fever. — Examination  of  the  fresh  blood 
of  a  patient  some  hours  after  a  tertiatr  chill  shinvs  in  .some  of  the 
red  corpuscles  small  hyaline  bodies,  having  ameboid  movement 
and  ot'ten  assuming  cross-  or  star-sliajH's.  Snmetimes  ring-shnped 
fi'rms  are  observed.  These,  however,  arc  les>  ii'gnlarly  circular 
than  thofie  of  the  e.stivo-antiminal  organism.  These  early  stages 
of  the  para.aite  aiv  the  so-called  jtfoxnuxlkt.  Later,  the  jdas- 
niiKlia  have  pigment  about  their  |)ei'ipliery,  and  tinidly  the  anunmt 
f  pigment    may    become   cotisirlerable.     During   tliis    time   the 
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organism  grows  ami  the  reil  corpuscle  swells  and  becomes 
paler.  Evt'iitiially  the  panisite  may  almost  completely  till  the 
corpuscle.  At  this  stage,  wliicli  mcurs  just  prior  to  the  par- 
oxysm, Mirpnoitation  Kegins.  Tlie  pigment,  which  previously 
has  shown  active  nioveinents,  collects  towanl  the  center  and 
becomes  motionless,  and  lines  of  radiate  striation  are  formed  in  the 
organism,  giving  it  a  rosctte-like  ligurc  comj^osed  of  twelve  to 
twenty  parts.  Segmentation  prtH.-eeds  until  each  of  the  segments 
becomes  a  small  sjyjierule.  Tiie  corpuscle  then  bursts  and  the 
spherules  or  spores  es<'ajx',  pn  >l>ably  to  begin  their  cycle  of  develop- 
ment from  the  start  by  entering  new  red  corpuscles  a.s  minute 
plasmiMlia.     This  cycle  of  develojiment  rcfpiircs  forty-eight  hours. 

The  Parasite  of  Quartan  Malaria. — This  is  similar  to  the  la.st 
imnied,  but  ditl'cfs  in  ilie  tact  that  tlie  pigment-granides  are  much 
less  abundant  and  crtarscr.  Tlie  nnl  corpuscle  is  not  decolorized, 
as  in  the  cjise  of  the  tertian,  but  as>umes  a  stmiewhat  greenish 
hue.  In  about  seventy-two  liours  segmentation  occurs,  six  to  ten 
segments  and  tlien  siihernles  being  formed.  ^t 

The  Parasite  of  Irregular  Malaria. — in  tlie  irregidar  malarial  V 
fevers  of  the  sunnner  and  fall  (the  estivo-autnmnal  fevers)  the 
organism    is  smaller  than  in  the  other  cases,  and  rarely  presents  ^ 
much   [ligment.     The  plasmiMJium   frcipiently  presents  itself  as  a  ■ 
ring-sliaited   IxmIv,  highly  relnu'tive  and    with   a  shaded    central  " 
]iart.     A   few  ptgnient-graniiles    may  be  seen,  but   mrely   more. 
The  organism   itself  docs  not  become  larger  than  about  onc'-third 
the  diameter  of  the  corpuscle  in  wJiich  it  occurs.     The  red  cor- 
puscle itself  is  greenish,  as  in  the  quartan  variety.     Segmentation 
is  not  observi-d  in  the  <nivnlating  Idfiod,  though  centndly  pl.iced 
pigment  may  be  seen.     The  segmentation  lakes  place  in  the  spleen, 
i)one-niarrow,  and    other  parts.     The   duration  of  the  cycle  of 
development  is  imietinite. 

Other  Types  Assumed  by  the  Malarial  Hematozoa. — The  cycles ' 
of  develofmient  deserilied  in  the  ]>reeediug  jwragraphs  represent 
the  a.sexuai   multi|>licatiou  of  the  ntalarial  organism,  ami  serve  tol 
reproduce  the  ])arasite  indetinitely  in  the  IiIoimI   of  the  di.sease<l 
person.      It  has  been  rthserved,  however,  that  certain   forms  take 
no  jKirt  in   this  m(dtij>lieation,  ami   that  outside  t!ie   IkkIv  the.«e 
forms  undergo  eiiunges  which  have  suggested  another  methml  of 
reprofluctiou.     Thus,   when   the  blood  is  kept  for  a  short  time 
inider  cover-gla.sses,  or  in  other  ways  outside  of  the  body,  a  flagel-  ^ 
hite   variety  is   produced.     This  is   formed   by   the   projection   of  ^M 
thread-like  priM'e.sses  which  have  active  thnishing-movenients,  and  ~ 
which  ijceasionallv  break  otf  from  the  Ixwly  and  move  about  in  an 
active  serpentine  fasiiion.     The  pigment  of  the  body  itself  is  in  ( 
the  eentnil  ]iart  and  is  actively  motile.     These  ciliated  hematozoa  j 
may  be  found  in  tertian  or  ([uartan   fever,  but  esp'cially  in  irreg-  I 
ular  malaria.     Recent  observations  on  the  blo<Hl  of  binls,  as  well  | 
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Various  furius  «f  malarial  i>ara.sittM  (Thayer  and  Ilewetson):  Kigs.  1  to  10,  in- 
clusive, tertian  orKauisms;  Figs.  11  to  17,  inrlnsivi;,  quartan  organisms;  Figs.  IM  to 
27,  inclusive,  i-stivo-autumnal  orgunisnis. 

Fio.  1. — Young  hyaline  form;  2,  hyalim.'  form  willi  beginning  pigna^ntiition  ; 
.'{,  jiiKment4;(i  form  ;  4,  full-grown  pignn'nted  form  ;  5.  il,  7,  S,  si'gni<  iiting  forms  ;  !i, 
e.itntcellular  pigmented  form:  10,  llagt'llatu  form. 

Fl«.  11. — Young  hyaline  form;  li,  l.'i,  pigmented  forms;  14,  fully-developed 
pigmented  form;  15,  111,  segmenting  forms:  17,  flagellate  form. 

KlOS.  Id,  19,  20. — King-like  and  cross-like  hyaline  forms;  21.  22,  pigmented 
forms;  23,  21,  aegmontiug  forms  ;  2.'>,  20,  27,  crescvntii. 
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as  the  studies  of  Matisoii  and  Ross  in  inuliiriii,  seem  to  slum-  tliat 
the  fonnation  ot*  these  flagellated  bodies  is  iin^wrtaiit  in  the  repro- 
duction of  tlic  orpinisni. 

In  the  estivo-autuninal  fevers  a  ven-  eurioiis  form  of  the  henia- 
tozfKi  is  found;  tlii.s  is  the  cirtiri'itl foria  <leseril)ed  hy  Lavefan.  It 
wears  in  esises  of  tv-tmo  weeks'  dnnitiun,  and  is  developed  within 
the  eorpuseles  ;  first,  as  a  somewhat  oval  ho«l_v,  wliieh  heeomes 
more  and  more  ereseeutie,  the  pigment  at  tiie  simic  time  elntnpinp 
in  tlie  eenter.  The  rwi  e<»rpusele  iiiav  entirely  disi|)pear,  with  the 
exeeption  of  a  small  portion  seen  in  the  eoneiive  part  of  tlie  eres- 
cent  as  a  mere  shadow. 

The  study  of  these  forms  of  the  orjjanisni  whieh  do  not  nnderpo 
segmentation  has  suggested  a  mode  of  multiplication  ontsiile  of  the 
human  lMj<ly  ;  and  reeent  studies  have  demonstrateil  that  such 
reproduction  actually  takes  place  in  the  hotly  of  certain  species  of 
mosquitoes  belonging  to  the  genus  AH<ij>hi:h\t. 

The  Relations  of  the  Mosquito  to  Malaria. — It  has  been  posi- 
tively demonstrateil  that  when  certain  mosijiiitoes  (of  the  genus 
Anoplulex)  are  allowed  to  fct-d  u|>on  malarial  patients  and  later 
upon  normal  individuals,  the  latter  acquire  the  disease.  Also,  it 
Jias  been  shown  that  sn-seeptilde  persons  may  live  in  the  most 
malarious  districts  without  aetjuiring  the  tlisease,  proviiied  they 
are  earefuily  «Teened  from  mostjuitoes.  Some  of  the  i-nrlier  in- 
vestigations in  this  ilirectiou  I'ailed  Iweaiise  s|>ecinienri  of  Vuii.i'  and 
other  gen  uses  (not  Aiioplirfr.i)\\vn'  used.  The  AiDiphrlnt  clavir/tr 
or  (fuadriiiuicu/atu  and  others  of  this  genus  alone  seem  ea|)alile  of 
conveying  the  disease.  When  the  niosnuito  takes  the  Idood  of  the 
malarial  patient  into  its  stomach  (niidintestine),  flagellate  {iirms 
(mierogametocytcs)  are  <leveloped,  and  the  flagelia  (uiicroganu'tes), 
eich  coutainiug  some  })ai't  of  the  iim;lear  substance  of  the  parent 
cell,  arc  discharged,  and,  moving  towaril  other  of  the  [larusites  whieh 
do  not  form  flagelia  (macroganietes),  fertilize  these  by  penetrating 
tlie  IkkIv  of  the  latter.  The  fertilized  jiarasitcs  then  invad*'  the 
intestinal  walls,  entering  between  the  epithelia,  and  lodge  in  the 
8urn)Unding  tissues,  where  they  segment  and  develoji  a  ilistinct 
capsule.  The  ev.stic  structures  so  fornKnl  (oocysts)  contain  numer- 
ous minute  rcxls  or  .?|)oro?:ociits  that  have  re!«ulted  from  the  seg- 
mentation of  the  parasite.  The  oocysts  project  into  the  cceloni- 
cavity  of  the  mo-squito  and  eventually  rupture  into  this,  whence 
the  sjwrozooits,  discharged  into  it,  are  carried  to  ditferent  parts 
of  the  hofly  and  eventually  lo  the  sidivary  glands,  fmm  which 
they  are  introduced  into  any  ])crsoii  subsequently  stung  by  the 
.insect.  In  this  manner  the  extracorporeal  cycle  of  development 
»f  the  oi^nism  is  completed  and  the  prpetuation  of  the  disease 
^provided  for. 

The  recognition  of  the  relation  of  tlie  mosquito  to  malaria  ex- 
plains certain  hitherto  obscure  facts  regarding  the  conditions  that 
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favor  the  devclfipniont  of  the  disiOiisc'.  Tliis  knowledge  has  also 
Ifd  to  tiiP  introduction  of  sanitary  measures  that  have  pnjveJ 
extremely  useful. 

Pathologic  Anatomy. — The  tnost  important  fact  in  malarial 
iiifpctinn  is  the  de,-.triietioii  tliiit  if  oe-^fisions  in  the  lilood.  Rapid 
anemia  witli  liheration  of  tlie  tienio^lobiii  (iK'nioirJoliinemia)  and 
the  iippear.ince  nt"  uraiiuljir  pij.'-iiu'nt  in  (he  1»1o<m1  ure  amonji;  tlip 
result)*.  TJie  pij;n>ent  :u-eHniulates  in  the  !i])leen,  liver,  bont- 
niarrow,  and  in  other  situations.  Extreme  disorganization  of  the 
blood  may  occasion  henioffhibiiiuria  and  widespread  pigmenta- 
tion. Congestive  enlargement  of  the  spleen,  and,  after  long-con- 
tinued attacks,  cirrhotic  changes  in  that  organ,  may  be  observed. 
Tlironibi  of  the  cjipillaries  and  arterioles  are  not  rare,  and  to 
these,  in  part  at  least,  are  due  tlie  focal  necroses  observed  in  the 
liver  and  elsewhere. 

Pathologic  Physiology. — The  cnrirtusly  paro.xysmal  seiz- 
ures (if  malaria  are  [inihahly  the  n-sult  of  the  liberation  of  toxic 
sulistauees  at  the  time  of  segmeiitiiliciu  of  the  hcmatozoon.  The 
perimlieity  depeuds  u|>i>n  the  iluiiitiini  of  the  cycle  of  develo|i- 
meut  of  tlie  organism.  A  single  group  of  tertian  organisms 
cause  a  tertian  fever  (a  paroxysm  every  other  day).  Infection 
with  two  group.s  of  tertian  organisms,  maturing  on  alternate 
(lavs,  proiluees  a  i|Uotidian  fever  (a  paroxysm  every  day).  One 
group  of  tiuartau  organisms  eaiiscs  tpuirtan  fever  (a  jMiroxysm 
every  itiini  day);  these  groups  (maturing  on  successive  days) 
cause  (piotidian  fever. 

Texas  Fever  of  Cattle. — This  disea.«e  is  of  interest  in  connection  with 
malnria  hccnuse  of  the  relationsliip  of  the  parasitic  cause.  The  organism 
i«  a  Hniiill.  actively  .■Jinoeboid  body  wiiirh  occupies  the  red  blood-corpuscles. 
Frequently  it  nceurs  in  pairs  in  the  cfirpiiscU^s.  and  tlie  mime  I^rotoma 
liiijrmhium  was  piven  to  it  on  this  iicfniiiii.  Texiix  fever  is  characterized  hy 
acute  fever  and  frequently  by  heniij;lobiiiuria.  The  spleen  is  enlarged,  and 
heniorrhaires  are  obscrveil  in  various  i)r<;:itis  nf  the  boily.  When  the  blinid 
of  a  diseiLscd  animal  is  injeeted  into  n  hi'aUhy  one,  the  latter  acquires  the 
disease.  Transmission  has  been  traced  to  the  cattle  tick  \  Ixnan  bovit\. 
The  mother  tick,  after  its  detachment  from  the  infected  animal  on  which 
it  has  fed,  transmits  the  infectious  agent  to  its  \i\Tyve  through  the  ova.  The 
younp  ticks  then  convey  the  infection  to  healthy  cuttle. 

Sporozoa  in  Birds  and  Cold-blooded  Animals. — Many  blood  parasites 
have  been  studied  in  birds,  reptiles,  and  oilier  cold-blooded  animals.  These 
are  related  to  the  sporozoa  of  malaria. 


COCCIDIUM  OVIFORME. 

Description. — The  coccidia  are  small  bwlies  from  30  to  40  // 
in  length  and  from  15  to  20  //  in  width,  having  a  delic^ate  outer 
coating,  and  within  this  a  tough,  double-contoured  capsule.  The 
biKly  is  filled  with  granular  material,  which  is  not  rarely  aggre- 
gated in   the  center.     Outside  the  body  sjiorulation  takes  place. 
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Tho  granular  protoplasm  (UvIiIls  into  four  nmudocl  eupsulatod 
spores,  each  containing  a  granular  resting  body  lying  in  the  coii- 
cavitv  between  two  sickle-shapetl  daughter-spores.  Sometimes 
en<U>genous  sporulation  is  said  to  occur,  the  parasite  simjily  break- 
ing up  into  a  large  number  of  siokle-shajied  bodies.  The  term 
pgnronpennia  is  applied  to  the  rounded  Bjiores  found  in  the  coc- 
I  cidium  (Fig.  113). 

Occurrence  and  Pathogenesis. — The  coccidium  h  a  fre- 
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Fio.  113,— Cuvcldlam  ovlfurme,  ihowtng  metbod  of  nprodUL-llon. 

^nnent  panisite  of  rabbits  and  certain  other  animals.  It  Uwls  to 
trie  formation  of  yellowish  nodules  in  the  liver.  It  is  an  iiitni- 
colhilar  parasite,  first  invading  the  cells  of  the  biliary  [mssages 
and  arterwanl   the  surrounding  hepatic  cells  as  well  (Fig.  114). 
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.  lit.— <(*cii1i»  in  llif  wall  r,f  ihe  blk'iliid     Thu  i m 
UferaUoD  lit  Ihc  uuU  i.f  thu  duel,  wlllt  iiuiueroiis  ovunl ' 


h>-\\s  in   Jh'   renter  lirtive  pro- 
"l:iiOi:l   IiiM.iscil  ill  tllf  Uiisue. 


Ijcss  frequently  it  occurs  in   tlie   intestinal   tract,  giving  rise   to 
ncHlular  thickenings  or  ulcerations. 

The  para.site  escapes  from  the  body  in  the  stools  and  then  iin- 

lergof.?   sporulation.     Other    animals    arc    probably   iiife<'t('d    by 

Btion  of  the  spores  or  .sptiruiating  coccidia.     Occasionally  the 
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tlisi'asi'  dt'ciniatps  rat)hits  or  guinea-pigs  kept  in  confinement.  The 
animals  bet-oine  languid,  li»se  their  appetite,  emaciate,  and  have 
fever.  Later  tlii^y  suffer  Irum  eonviilsioHH,  8tU|)or,  or  coma,  and 
die  iu  tiiis  eoiidition. 

A  few  eases  of  t-ixreidial  disease  of  the  liver  have  been  obsen-ed 
in  man.     Tiie  lesions  present  theais<.'lves  a»<  eystie  ntxiules  spring- 
ing f"roni  the  liilenhiets,  or  less  eomtuoidy  as  a  difl'use  involvement  j 
of  the  liver  with  cirrhosis  and  <aiusing  jaundice.    Coccidial  lesions  fl 
of  the  intestines  hiive  also  been  dist>overetl  in  man,  and   less  com-  ^ 
uKinlv  invasion  of  the  lieart,  of  the  kiilneys,  and  other  jKirts. 

The  close  asstwiation  of  tlie  organism  witli  the  lesions,  and  the 
number  of  organisms  discovered  in  the  tissues,  justify  the  belief 
tlmt  it  is  the  s]R'cifie  cause  of  the  h'sions.  fl 

The  ctx'cidiuni  of  the  intestinal  tnict  is  geneniUy  smaller  and  ^ 
the  sjwrulatiou  more  nijiid  than  that  of  the  liepatic  form.     It  wa's 
therefore  suj>pi»sed  by  Ijcuckart  to  be  a  spwial  variety,  and  has 
been  culled    thrriiliuiii  f>i'rjum)i:i.      More  recently  this  has  been 
regardcil  as  identical  with  the  onliuar\'  form. 

Eimeria  Hominis. — Einieria  is  characterized  by  the  formation  in  each 
adult  luinisite  of  .1  single  spore  containiD^  an  indefioite  number  of 
sporii/.niU'M.  The  Eimeria  hmnini*  was  discovered  in  the  purulent  exudate 
of  a  case  of  |ileun!<y.  Tlie  spores  were  of  larpe  .»izo  and  contained  from  ten 
to  twenty  8])nroznite».  ncconjpanied  by  11  protoplajtmic  remnant.  The  exact 
orifrln  of  the  organisms  in  this  case  was  not  determined.  Somewhat  similar 
organi.-ia.t  were  found  by  Virchow  in  a  tuumr  of  the  liver,  and  by  t?everi  in 
the  hui<;.  fl 

Sarcosporidia. — The  sarcosporidin,  also  called  Rainey's  and  Miescher'a  S 
tubes,  are  met  with  in  a  number  of  mammals.     The  organism  is  composed 
of  a  protoplaamic  mass  covered  with  :t  capsule,  and  formiu)?  at  the  stage  of 
maturity  a  large  number  of  sickle-shaped  or   falciform  sporozoites.    The 
organisms  usually   occur  in  muscles,  either  within  or  between  the  muscle 
bundles,  and  are.  therefore,  elongnteii  or  tubnhir  in  shape.     In  connective, 
tissues  the  organism  may  be  roundi'il  ami  sometimes  grows  to  the  size  of  a| 
small  cherry.    Several  varieties  have  been  described,  and  a  few  observations  j 
have  been  made  in  man. 


ANIMAL  PARASITES   AND  CARCINOMA. 

The  theory  that  eareinomti  ami  other  tnalignant  tumors  are  due] 
to  some  form  of  infection  is  by  no  means  of  recent  origin.     Bac- 
teriologists sought  t<i  isolate  iuien>Hirganisnis  without  success  ;  and 
later  observers  have  turned   their  attention  to  certain  structure8<J 
siipjwsed  to  be  animal   organisms. 

In  18Si)  TIkiiiiu  f"ound  in   the  protojilasm  and  nuclei  of  carci- 
noma-cells bmlies  which   he   n-ganhMl  as  em-cidia;  and  about  the'' 
same  time  Malassez  and  Albarr.m  found  .similar  structures  in  the 
cells  of  an  epithelioma  of  the  maxilla.     Darier  fJnind  Iw^dies  of  ^ 
the  .same   kind  iu  Pag»-t's  disease  of  the  nipple,  and  manv  suljse-™ 
fiu<'nt  iuvestigntors  have  describetl  more  or  less  similar  formations. 

.\mong  these  .suppo.sed  protozoan  organisms  some  are  intinnu- 
clear,  some  extrajiuclear,  and  some  wholly  rj-traceUuUir,     Amonj 
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the  intraniiclear  and  extranuclcar  cell-inclosures  Sjorbring  ile- 
soribed  round  botlios  whiih  tend  to  prow  and  oventimlly  .'*inir- 
ulate,  forming  cystic  bodies  containing  twenty  to  thirty  sj>i)res 
(spt)re-cysts).  These  structures  resemble  the  parasites  ol"  silk- 
worm disease,  and  are  classitie<l  by  Sjorbring;  as  niicrosporidia. 
Sudakewitsch  and  others  have  described  botlics  more  closely 
resembling  coccidia  in  their  sharp,  tlouble  contour  and  tlie  pres- 
ence of  peculiar,  sometimes  siekle-sha|iod,  bodies  witliin.  Pod- 
wvflsozki  and  Sawtschenko  described  forms  difi'erini;  from  coccidia 
in  the  absence  of  a  distinct  capsule,  and  resenibliiifj  nvtlier  the 
aniebsB,  such  as  those  occurring  in  the  blood  of  birds  and  in 
malaria.  The  views  of  these  authors,  partieulariy  Sawtschenko, 
have,  however,  undergone  some  modi(icati<iu  in  their  several  con- 
tributions. Ruffer,  Plimmer,  and  AValkcr  tlescribed  structures 
occurring  only  in  the  pnttoplastu  of  the  cells,  and  resembling 
coccidia,  but  forming  neither  sjwres  nor  sickle-shajKn:!  Iwxlies,  but 


Fto.  lla.— Inrluiiom  in  canccr-celU :  a  »nd  6,  eArly  BtaKcn  of  " piir».<ttlc "  bodies;  e, 
Ijtte  txmgea,  thowing  dlvUioD  b/  fegmentatlon ;  d,  cancer-veil  coutainlug  leukocytes 
(KulTer). 

multiplying  by  direct  division  (Fig.  11.5).  Many  of  the  investi- 
gators lay  stress  upon  t!ie  behavior  of  the  supposed  parasites 
toward  stains.  Thus  Ruffer  and  his  collaborators  point  out  that 
the  nuclei  of  their  jwirasites  do  not  receive  basic  stains  like  cell- 
nuclei,  but  the  acid-stains,  and  the  botly  of  tlie  jMtrasite  is  scarcely 
at  all  staine<l.  This  point,  however,  has  certainly  bci'U  overesti- 
mated as  an  indication  of  the  parasitic  nature  of  the  brwlies.  lie- 
generated  cells  notoriously  vary  from  normal  ones  in  this  n-sp'ct. 
The  suppose<l  spores  of  .Sjorbring  and  others  an;  very  probably 

1)rodiicts  of  degeneration,  as  Ruffer  and  others  contend  ;  and  it 
las  not  yet  been  shown  by  anyone  that  ail  of  these  su|)j)osed  para- 
sites are  not  degenerated   leukocytes  or  epitin'lial  cells  included 
I        within  the  cancer-cells  or  simple   products  of  eell-degenerdtiou. 
Some  authorities  luive  advanced  a  theon,-  quite  diti'ereut  from 
the  aljove,  holiling  that  the  caitcfr-cells  themselves  are  parasitic 
organisms.     Korotnefl"  distinguishes  three  kinds  of  organisms  in 
carcinoma  :  amcbae,  coccidia,  and  gn'gjirinidie.     The  ameboid  form, 
which  he  calls  Ainrebn  cachexicu,  has  a  gniuiilar  protoplasm  and  a 
t       clear  nucleus.     It  is  actively  motile,  and  may  leave  the  epithelial 
^Kcells  to  enter  the  connective  tissue.     After  establi-shiug  iteelf  it 
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becomes  encysted,  the  iineleits  brwiking  up  and  tlie  protoplasin 
becoming  more  dense.  Zooids  and  sporozooids  result,  the  former 
going  on  to  the  ibrmation  ot'a  gregarina  ( Rho()alo- 
ceplialus  eairiuomatosiis)  (Fig.  116),  or  a  coccid- 
iiini,  the  latter  forming  new  amebic.  Some  of 
the  .strnetiires  figured  by  Korotnetf  are  undoubt- 
etlly  merely  eancer-eelLs.  A  few  authors  claim 
to  have  found  parasites  of  various  kinds  in  the 
bStHxl  of  cases  cf  carcinoma. 

Recent  investig-ations  have  brought  forward 
a  few  aililitiiinal  "budii's"  the  iinttiizoan  nature 
of'  wliieli  has  been  claimed  by  tlic  diseover«?rs, 
and  tlie  t'tinlogie  iii)|i(»rtauee  of  which  has  been 
based  upmi  t!ie  abundance  and  distribution  of 
the  bodies  and  some  inconclusive  efforts  at  culti- 
vation and  inoculation.  A  close  study  of  the 
whole  siibjeet  points  to  no  certain  result.  The 
iiup]K>sed  panisites  may  not  iniprobal)ly  l)e  cell- 
inrlusions  of  various  kinds  or  |)ro<lucts  of  cell- 
activity.  In  the  ease  of  some  of  the  "  protozoa  "  describetl,  there 
csin  be  no  doubt  but  that  they  are  pnxlucts  of  cell  degeneration. 


l'-1 


Fia,  116.— Rhopa- 
loccphalus  carclni>- 
matorius  iKon)tneff'). 


ANIMAL  PARASITES  AND  MOLLUSCUM  CONTAQIOSUM. 

Definition. — MoUuseum,  or  Epitiielioma  Contagiosum,  is  an 
infectious  disease  of  the  skin  marked  by  the  appearance  of  white 
and  j)ink  papules. 

Etiology. — The  cause  of  this  disease  is,  no  doubt,  a  micro- 
organism of  some  sort.  Its  contagiousness  is  evidenced  by  the 
ot-'currence  of  epidemics  in  houses  or  asylums,  by  the  occurrence 
of  accidental  inoculations,  and  by  direct  experimente.  The  incu- 
bation-pcriixl  seems  to  be  a  long  one — sometimes  extending  to 
several  months.  The  lesions  have  lieen  found  to  contain  small 
bodies  whose  resemblance  to  ctwciilin  was  hmg  ago  ]>ointed  out 
by  Virchow.  It  is  uncertain  whether  these  are  really  {xirasites  or 
epithelial  degenerations.  Some  authors  are  positive  regarding  the 
panisitic  nature  of  tiie  bwlies;  others  are  equally  convinced  of 
their  iu>n])anisitie  character. 

Appearances. — Tlie  disease  occurs  as  single  or,  more  fre- 
i|Ufntly,  multipli'  pajvules,  at  first  quite  small,  but  lat<'r  becoming 
nodides  of  considerable  size.  In  the  larger  a  eentitd  depression  or 
uiniyilieation  is  si'en,  and  t>n  pressure  cheesy  matter  inav  be  ex- 
pressed from  this.  After  reaching  about  .3  or  4  mm.  in  diameter  j 
they  remain  stationary,  or  undergo  softening  and  snppunition.  In 
exceptional  cases  the  ttnnor  may  reach  the  size  of  a  small  orange. 

Seats. — Tiiis  disease  occurs  on  the  face,  neck,  chest,  genitals, 
or  sometimes  scattered  over  the  whole  bo<ly,  sparing  onlv  the 
jialnis  and  soles.  The  lesions  have  occasionally  been  found  on 
tiie  mucous  membranes. 
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Structnre. — Mioroscr»|)imlly  the  lesions  of  this  disease  are 
found  to  consist  of  cjiithcliat  pn)lift'r.itioiis  havinij  a  .somewhat 
acinous  arrangiMiunit,  a  hair-tullicic  occiijjyiufr  the  center  of  eai'ti 
(jroup  of  wlls.  The  int<Tiiir  of  tiie  mwhiles  is  fiMed  with  soft, 
cheesy  mattor  which  may  he  expressed.  The  cpithotial  celts  are 
arrangetl  in  several  layers,  the  upi>er  heinfj;  normal  <'ells  with  larjre 
nuclei,  the  <leeper  layers  shf>wit)<r  Iteside  the  niieleiis  small  drop- 
lets, or  roundctl  spherules,  the  sn-ealled  iiiitUdM-um-bodirx.  These 
bodies  prow  in  size,  and  may  l)e  so  lariie  as  to  till  the  cell,  pn^liiiij^ 
the  protoplasm  and  mielciis  to  one  side.  In  this  [irocess  tlu'  cell- 
wall  and  protoplasm  hecome  horny,  and  pntcttcally  the  entire 
body  consists  of  the  eidarfj;ed  mollusciini-cor|)Uscle.  Certain 
granulations  and  more  or  less  definite  segmcntntiona  within  these 
bixlies  have  been  described  as  s|>nrulatinLr  conditions.  The  nature 
of  thr»<e  lHT<lics  is  very  doubtful  ;  they  may  be  eoe<'idia,  gregarin- 
idie,  or  ameboid  bodies;  but  tlii-y  may  also,  as  some  contend,  be 
the  results  of  epithelial  degenenitions. 

VARIOLA  AND  VACCINIA. 

A  number  of  bacteria  have  been  described  from  time  to  time 
in  these  diseases,  and  various  micrococci  in  ]>articular  have  oeen 
found  in  the  pustides,  but  none  of  these  can  be  considers  I  as 
specific.  Several  bacilli,  one  form  resembling  the  diphtheria 
bacillus,  have  been  recently  described. 

In  1887,  Pfeitfer  and  van  der  \av^  indept'ndently  ch's<"ribcd  a 
protozoan  parasite  of  the  order  sporozoa,  which  occurs  in  the  cells 
of  the  rete.  This  organism  was  found  in  variula  as  well  as  in  vac- 
cinia. Pfeiffer,  Gnarniej-i,  anri  other  investig.itors  lbnn<l  that  by 
in(x-ulation  of  the  cornea  of  rabbits  large  nund)ers  of  tlie  supposed 
ijarasites  make  their  appeanmcr  in  the  e|iitlielial  cells.  These  organ- 
isms are  roimiled  biMlics  lying  in  the  [imlnplasm  of  the  cells,  some- 
times singly,  sometimes  in  groups  of  two  or  three.  Slow  ameljoid 
movemente  arc  visible  and  the  organisms  present  one  or  more 
nuclei.  Spjre-forination  has  been  observed  by  several  investiga- 
tors. Guamieri  suggested  the  name  Ci/iort/rtfn  rariofn'Ken  vacdiur.. 
The  nature  and  the  signitieanee  of  these  supposed  organisms  have 
not  yet  Ir-cu  positively  determiued.  Some  authorities  look  uptm 
them  as  pnxlucts  of  cell-degeneration. 

Secondary  infections  with  various  mierococei  or  other  orp^an- 
isms  are  <-onunon  in  small-pox  and  vaccination,  and  may  play  an 
important  part  in  pustuiation,  and  in  the  more  flefinitc  eomj>lica- 
tions,  such  as  septicemia,  pueumouia,  hemorrhagic  septicemia,  ery- 
sipelas, and  the  like. 


VARICELLA. 


The  etiology  of  chicken-pox  is  even  less  definitely  determined 
than  that  of  small-pox.     Pfeiffer  iliscovered  the  S4une  organism 


308 


TEXTBOOK  OF  PATHOLOGY. 


ilescrlhod  hy  fiim  in  vaccinia  and  variola.     Bacteria  of  one  sort  or 
another  have  been  occasionally  found. 

MEASLES,  SCARLET  FEVER,  AND  OTHER   DISEASES. 

Certain  invcstipiturs  liavc  di-icovcred  bodies  having  s<ime  of 
the  apjtwiranecs  uf  jirotuzoa  in  measles,  .scarlet  fever,  pernicious 
anemia,  leukemia,  saretmiata  of  various  sorts,  and  in  a  niunl)er  of 
other  diseases.  These  observations,  however,  do  not  merit  further 
discussion  in  thi.s  place.  Future  investigations  must  decide  whether 
they  have  been  accurate  or  not. 

CESTODES  OR  TAPE-WORMS. 

General  Biology.— The  llfi-historv  of  the  different  forms 
of  ta|K'-worms  is  much  the  same.  They  have  two  states  of  exist- 
ence, the  larval,  which  is  generally  found  in  one  species  of  ani- 


v^>^ 
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Fio.  117.— SCKmento  ofd)  Tmnln  Msinata.  (2)  Bothriocciihrilua  lutus,  and  (3)  Tenia  sollam. 
BhowinK  HrrAngeuietil  of  uterus. 

mals  (the  intermediary  host),  and  the  (uJiiH  ulafc,  u.sually  wcurrinp 
in  anollier  species  (the  host).  It  is  supposed  that  in  the  case  ol 
one  or  two  tjjpe-worms  an  intermediary  host  is  unnecessary,  but 
tills  is  doubtful.  The  adult  worm,  l^r  tape-worm,  f)c,cupies  the 
intestinal  tract  of  man  or  tlie  lower  (vertebrate)  animals.  It  con- 
sists of  a  head,  by  wltieh  the  worm  fastens  it.self  to  the  mucous 
surface ;  and  after  the  bead,  a  ncrlc  of  greater  or  lees  size  and 
length,  and  a  body  cou.'^isting  of  sejwrate  linl:^  or  priKjlotlides. 
The  latter  represent  (■oniplele  organisms,  c<tntaining  a  complicated 
genital  apparatus,  hermuphrmlitic  in  nature,  which  pro<luces  nu- 
merous eggs.    The  eggs  aiv  partly  discharged  from  the  segmentsin 
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thf  intestinal  tract  tlirongli  a  r/enital  porr,  but  especially  escape 
iiitij  the  outer  woriil  when  the  ripe  segments  are  sejmratetl  from 
the  hotly  of  the  wi)rm,  are  diseliurgi-d  from  the  bowel,  and  subse- 
quently rupture  and  scatter  the  enuUiincd  ova  (Fig.  117),  The  lyg 
or  oriim  encloses  an  immature  larval  org;inism,  which,  when 
njceived  into  a  suitable  intermediary  host,  [»eiietrates  the  walls  of 
the  stomach  or  intestine  and  litids  its  way  to  the  niiiscles  or  organs, 
where  it  imbeds  itself  and  ibrms  the  well-knnwii  j««w^('*  (see  Figs. 
1 17  and  118).  These  are  seen  with  the  naked  eye  as  small  cyst- 
like hodies  lying  between  the  mnsele-fibers.  They  contain  a  scolcx 
or  head,  like  that  of  the  adult-worm,  inverted  into  a  sjie  filled  witli 
clear,  watery  liquid.  When  the  measles  or  ci/aticerci  occur  in  hol- 
low cavities,  such  as  the  ventricles  of  the  brain,  they  may  reach 
considerable  size.  They  ditfcr  somewhat  in  different  forms  of 
tape-worm,  as  will  bo  described  in  connection  with  the  iiitlividual 
species.  When  flesh  infested  with  larval  tnpe-worms  is  eaten  by 
man  or  some  suitable  animal,  the  cysts  are  dissolved  and  the  seolex 
fastens  itself  ujion  the  mueoii<  meitilinuie  of  the  intestine.  The 
bfxly  of  the  worm  is  then  slowly  or  rajddly  formed. 

-Afau  is  the  host  of  lape-wornis  of  adult  or  of  larval  tvjie  ;  most 
frequently  the  former.  In  one  ease,  the  Tsenia  eehiniKioceiis,  only  the 
larval  worm  occurs  in  the  human  IxMly,  in  the  form  of  hydatid  cysts. 

Pathologic    Physiology.  ^ 

— Adult  ta|)e-wnrms  may 
exist  in  tiie  intestines  of 
man  without  causing  dis- 
turbances of  any  kind.  Fre- 
(pientiy,  however,  digest- 
ive disturlKinces  and  pain 
and  various  reHex  mani- 
festations arise.  These  may 
Ix'  caused  by  the  action  of 
the  worm  as  a  simple  for- 
eign bo<ly,  or  may  result 
from  miisonous  agents  gen- 
crated  by  the  worm  in  its 
normal  life,  or  as  a  con- 
sequence of  death  and  de- 
generation of  the  segments. 
When  there  are  many 
worms  (as  in  the  ea.se  of  Ta-nia  vana),  the  disturbances  of  digestion 
may  be  largely  mechanical  ;  under  similar  cireumstances,  or  when 
a  single  worm  becomes  coiled  and  forms  a  mass,  intestinal  obstruc- 
tion may  be  o<:casioned.  In  the  ease  of  Holhr'incrpliahix  lahix  ])oi- 
><inous  substances  are  undoubteiily  produced,  and  to  these  must  be 
ascribed  the  severe  fornis  of  anemia  caused  by  this  worm.  Other 
tape-worms  rarely  occa.sion  anemia,  and  never  the  pernici<jus  type 
just  referre<l  to. 


^ 


FUj.  IIH,— Effps  ""'r  vnri^'iis  wonnw  fouml  Jn  the 
alinit'ntarjTJiiml  uf  inaii ;  a.  AscnrK  hiinhrfroldoH; 
D.  r,  Oxyiirts  vermicuUriB;  t>,  TTUImrrplmlTis  dig- 

f)sr;  E,  Anrhyl<«tf>iii(i  rliiiHU^iiAlo  ;  V,  I>istuiiiii  hc-juil* 
cum:  fi.  I>ir:tointt  lanrcM^bitmn  ;  ii,  Tii'iiia  Hf>tltira  ; 
l.Tsniuftafirinnta;  k,  li'^lhrlocephulufl  Inlus  ;    ■   4fXI. 
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Fjo.  119.— Head  of  T»nla  ■oUiim 
lM<«Ier  and  IVipcr). 


T/CNIA   SOLIUM. 

This  form  occurs  in  the  atliilt  stato  in  man  as  a  worm  two  or 
three  meters  in  lenjjth  ;  ami  in  the  liofr  or  rarely  in  man  in  its 
larval  condition.  The  head  in  about  the  size  of  a  pin-head  and 
very  dark.     Anteriorly  it  has  a  rostelluin  armed  with  a  double 

row  of  from  twenty-six  to  thirtj'  hook- 
lets.  At  the  sides  of  the  head  are  four 
siK-kers  (Fifj.  11 U).  Attiulie<l  to  the 
liead  is  a  nei-k  of  thread-like  appearance, 
which  terminates  in  the  immature  seg- 
ments of  the  anterior  ]»art  of  the  body. 
The  segments  at  first  are  l>i-oad  and 
short,  l)iit  iiei'ome  lon^rer  in  pmportion 
to  the  i)n'!itltli  toward  the  jmsterior  end. 
The  sexually  mature  segments  are  found 
at  the  middle  and  the  posterior  end  of 
the  worm.  Tliey  contain  a  uterus  consist- 
ing of  a  mediiiu  tube  and  six  to  twelve 
lateral  Ijraricln's  (Fig.  117).  The  genital 
pore  is  found  atone  side  of  the  segment, 
irregularly  alternating  in  successive  pro- 
glottides. The  eggs,  which  may  be  squeezed  I'rom  the  segments 
or  obtained  free  in  the  feces,  ai*e  rather  oval  ur  spherical,  from  30 
to  3a  fi  in  diaini'tcr,  and  consist  of  u  {Kriphcnil  striated  zone  and 
a  central  granular  fiorlion,  showing  in<listinctly  six  lines  represent- 
ing booklets  <Fig.  IIH).  (Jroups  of  segments  may  ])e  <lischarged 
from  time  to  time,  but  this  is  not  Ireijuent  ;  the  discharge  of 
single  segments  is  less  frequent.  The  proglottides  have  indepen- 
dent movement,  and  may  sometimes  be  seen  to  move  al)out  upon 
the  bed-clotlies. 

The  I,arval  State  in  Man. — Wlien  the  ova  are  taken  into 
the  stomach  the  shell  is  digested  and  the  embryo  with  its  six 
booklets  is  set  free.  This  j>enetrates  the  wall  of  the  stomach  or 
iutestine,  and  in  some  nueertain  manner  readies  the  muscles  or 
organs,  where  it  eifeets  a  lodgement.  The  booklets  are  discarded 
and  .1  little  cyst  containing  clear  liquid  is  formed,  and  at  one  point 
may  be  found  a  bud-like  ]irojectic>n  into  the  sac.  This  develops 
a  scolexor  bead,  which  eventually  beenrnes  identical  with  the  head 
of  the  fully  Ibriued  worm.  The  cyst  mav  be  surronn<led  bv  a 
wall  of  reactive  connective  tissue.  The  duration  of  this  j)rocess 
of  formation  of  the  eystlcercxt«  varies  somewhat  (five  to  ten  or 
twelve  weeks).  The  size  of  the  cysts  in  the  mitscles  varies  from 
minute  points  to  that  of  a  pea.  In  the  ventricles  of  the  brain 
the  cystit'crei  may  be  as  largo  as  a  small  cherry.  Occasionally 
compouml  or  racemcmr  ri/dicnvi  are  met  with. 

Among  the  seats  of  special  interest  are  the  brain,  the  muscles, 
especially  the  peripheral  mus<'les,  tongue,  and  heart-muscle,  and 
the  subeiitaueoiis  tissues. 
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The  Adult  Worm  in  Man. — Wlion  moasU'd  meat  (ImL',  (vn\- 
sionaliy  that  of  ikiT,  sliei'p,  and  otlnr  animals)  is  eaten  in  insut- 
iiciently  cooked  form  liy  man  tiie  capsules 
of  the  evirtieerci  (Fifr.  120)  art'  dis.<ulve<l, 
the  soolex  attaches  itself  to  the  mucous 
membrane  of  the  small  intestine,  ami  the 
wnnu  is  ileveli>j)«>(l.  Usually  tluTC  is  hut 
one  worm  ;  occasionally  several  m'cur  in  the 
same  case.  The  worm  may  remain  in  the 
intestine  for  years,  despite  repeand  etl'orts 
to  dislodge  it.  In  other  cases  it  is  .-pon- 
taneoiisly  ilischar>red.  Ueverse  jM'ii-talsi.s 
may  cause  jHirtinns  to  Ite  carried  to  tlie 
stomach,  whence  they  may  he  dischurfijed 
by  vomiting.  In  some  cases  the  adult 
■worm  and  the  larval  form  ha\e  been 
found  iu  the  saute  individual  (uiaui.  This  uru.' 
is  explained   l»y   the  assum])tion  that   the 

eggs  have  reached  the  stomach,  where  the  larvte  have  been  set  at 
liberty  to  jienetrate  the  wall  of  the  stoinaeli  and  thus  reach  the 
tissues  of  the  brxly. 

Geographical  Distribution. —  The  Ticnta  solium  is  an  ex- 
ceetlingly  nire  par.isite  in  America.  It  seems  to  be  more  common 
in  certain  parts  of  Euro[K?. 

T/ENIA  SAOINATA. 

This  form  is  the  common  tape-worm  of  man.  It  is  larger  than 
the  ])rece«ling  form,  being  from  four  to  eight  meters  in  length. 
The  head  is  large  (2  mm.  broari),  eiilioidal,  and  ]»rovidcii  Mitli 
four  suckers.  Tltere  is  an  abortive  rostellnni,  but  no  liooklets 
(Fig.  121).     The  neck  is  short,  and  the  segments  rapidly  become 


Fifi.  I'JO.— Mcftsled  pork ;  two- 
iliir.U  Uic  nttlumi  «lie  (U'uck- 


Fw.  IZt.— Hstt.  ...    ..1... 

(M<wler  and  fcipor). 


Fio.  122.— Cyrtlcereiw  TRnltp  sagi- 
nats:  iiataralslze  (I.«urkart). 


broader  than  long,  but  in  the  posterior  half  of  the  worm,  where 
the  sexually  mature  j)roglottides  are  found,  tlie  s<'gnieiits  are  longer 
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than  l)road.  TKp  iifcnis  is  forniwl  like  tliiit  of  tlie  Tienia  solium, 
but  llie  latornl  hninohcs  are  more  numerous  (twenty  to  thirty,  ami 
often  dlcliototnoiisly  hnmclrctl)  (Fij;.  117).  Tlic  eggs  are  rather 
more  oval  atul  larjri'r  than  those  oi"  Tieuia  solium,  l)Ut  ntlierwise 
closeiv  resi'mhle  the  latter. 

Tiie  laxval  form,  or  cysticorcus,  occurs  in  tho  ox  and  some- 
times in  tile  giralll-'.  The  measles  are  fouiitl  in  the  museles,  liver, 
linigs,  and  uecasiunally  in  other  origans  (Fig.  122). 

the  adult  form  oeours  only  in  man,  and  oeeupics  the  small 
intesitine.  Tlie  presence  of  the  worm  does  not  seem  to  occasion 
any  definite  disease  of  the  intestines,  except  in  nire  cases,  when  a 
uiiniher  are  found  |)resent  in  a  coiled  nias.s,  or  when  one  worm  is 
siruitarly  enih'd.  Tiiis  may  cauM'  ir)te>tinal  olistructiou,  and  posr 
sihiy  in  exee|)tional  iusfam  cs  ruptnre  of  the  bowel. 

The  .symptoms  as<Tihed  to  taj)e-wonns  are  some  of  them  douht- 
lejjs  reflex  ;  but  it  is  noteworthy  that  they  are  often  absent  initil 
the  patient  discovers  segments  in  the  sto<jls.  (Further  refer- 
ence to  possible  jiatliologic  results  is  made  in  the  discussion  of 
Bothrioceplialus  latus.)  It  is  an  exeeedinj;ly 
cotnmiju  parasite  in  eertain  countries  {.\frioa 
and  the  East),  but  is  more  or  less  commoidy 
found  in  all  parts  of  the  world. 


T/CNIA  NANA. 

This  form,  sometimes  calleil  the  (hear/ 
l(ip<-ii-(/nii,  in  its  adidt  .state  is  about  '2.o  cm. 
in  length  (Figs.  12.1  and  124).  It  has  a 
rounded  head,  with  a  rostelhim  that  may  be 
protruded  or  retracted  and  that  l)ears  a  single 
circle  iif  twenty-two  to  twenty-seven  luMtk- 
h'ts.  The  mature  segments  of  tlie  pisterior 
end  of  the  worm  have  a  yellow  color.  The 
genital  pore  is  on  the 
same  .side  in  all  the  seg- 
ments. The  eggs  arc  oval 
in  shajK',  whitish  and 
transparent  ;  they  are 
from  -17  to  -18  /i  long 
and  3>^  to  39  //  broad. 
The  intermediary  host 
of  this  form  is  not  cer- 
tainly known,  but  is  sup- 
poswl  to  be  some  form 
of  insect  or  snail.  In  the 
rat  the  larval  form  occurs  in  the  intestinal  walls 
at  the  base  of  the  villi  in  the  form  of  a  cvsti- 


Fio.  123— Teeiila  D«n» 
Atiout  niKural  size  (Mos 
ler  and  Petper^ 


Fig  134.— Ttenio  nana, 
much  enlnrKCd  (Mosler 
and  I'litpcr). 
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ceroid,  which  later  discharges  its  contained  embryo  into  tlie  intes- 
tine, where  it  matures.  Tlie  ^me  seinience  m:iy  (Miciir  in  man.  The 
adult  para^iito  alime  occnrs  in  num.  TIk>  head  attai-hcs  itself  deeply 
in  the  mucous  menihnuie  nf  the  liHwel,  and  may  cause  considerable 
local  disturbance.  There  are  usually  scvetal  or  many  worms  asso- 
Kriated ;  sometimes  there  may  be  several  thousands. 


I 


T/CNIA  ELLIPTICA. 

This  form  in  identical  with  T(e)iia  nteu- 
mfrina.     It   is  a  cevnimon    parasite   of  dogs 


IS 

The 


ii  cevnimon 
and  c-atfi.  The  Icnijth  is  I'roni  15  to  30  cm. 
the  head  is  provided  witii  a  mstellum  bear- 
ing sixty  booklets  ranifcd  in  four  rows ;  the 
nwtelluin  may  be  protnuled  or  retracted.  .At 
the  jnucticin  of  the  sediments  there  is  a  eunsld- 
enible  contraotiun  of  tbr  dianicter  of  the  worm, 
giving  the  IkkIv  a  markedly  linked  r'hiiracter 
(Fig.  125).  The  mature  segment.-,  have  a  red- 
dish-brown color  from  the  j)rescnce  of  the  eirgs. 
Each  proglottide  has  a  double  sexual  appa- 
ratus with  a  genital  pore  at  each  side.  The 
intermediary  host  i.s  probably  the  louse  of 
the  dog  and  (X'casionally  the  Ilea.  The  adult 
wonn  usually  occurs  in  numbers  in  the  intes- 
tinal tract,  and  in  some  ca.ses  seems  to  pro- 
duce inflammatorv  disturbances. 


u 


r 


Fio.  123  —  TwruB  cUlpUca 
(Muilcr  and  Fulpvr;. 


T/ENIA  FLAVOPUNCTATA. 

This  form  (probably  idcnfieal  with  Tieuia  diniinuta)  is  from 
20  to  30  cm.  in  length  ;  the  head  is  elongated  an<l  verges  gradu- 
ally into  the  neck.  The  suckers  are  small,  but  there  is  neither 
rostellum  nor  booklets.  The  segments  are  marked  by  a  yellowish 
spot  which  represents  the  male  genital  organs.  It  has  been  found 
only  gi;t  times  in  human  beings,  tiveof  the  six  occurring  in  chiUlren. 


k 


T/ENIA  MADAQASCARIENSIS. 


This  form  is  from  25  to  30  cm.  in  length  ;  the  head  is  marked 
by  four  large  suckers  and  a  rostellum  bearing  booklets. 


k 


OTHER  FORMS  OF  T/ENIA. 

Tiesi<les  these  more  or  less  satisfactorily  described  forms,  a 
number  of  uncertain  varieties  have  been  reported,  sueii  as  the 
TcenUt  tenella,  Ttenia  Algeriana,  etc. 
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T/ENIA  ECHINOCOCCUS. 

The  Tfpiiia  prhiiuM'iM'fiis  in  its  adult  forni  Dcriirs  in  the  intes- 
tinal ti-aot  lit'  ttic  (log,  till'  larva)  condition  (xrurring  in  man  and  in 
some  of  the  lower  animals.  The  njutiire  wonn  is  about  4  or  o 
mm.  in  leni^tli.  and  consists  nl'  four  segments  (Fig.  126).  The 
head,  whirh  constittites  tlie  first,  is  provided  with  four  suckers  and 
a  ro.stelluin  hearing  fourteen  to  twenty-five  huoklets  in  a  <louhl« 
row.  The  seeonil  segment  is  ahout  the  breadth  of  tlie  head,  but 
somewhat  shorter.  The  third  is  eonsiderably  larger;  and  the 
fourth  is  the  largest  of  all,  eonstitiiting  aVwiif 
one-half  or  two-tliinls  of  the  entire  worm.  The 
uterus  eimsi.sts  of  a  median  jK)rtion  with  few 
Intend  bnineiies.  The  eggs  are  oval,  from  17 
tn  ;><)  //  in  diameter,  and  the  shell  is  rather 
thinner  than  in  the  eggs  of  other  tape-worms. 
The  adult  witrm  oeeurs  in  great  numbers  in 
the  small  intestine  of  the  dog.  It  is  also  found 
in  the  wolf  and  fox,  and  occasionally  in  other 
animals. 

The  Echinococcus  Cyst. — This  term  i.s 
applied  to  the  structure  in  which  the  lar\iil 
worm  is  end  tedded.  Three  varieties  have  been 
distinguished. 

((()  EcMnococcus  Scolicipariens. — AVIien  the 
eggs  reach  the  stomach  of  man  the  erabrj'o  is 
free<l  and  ]w'netnites  tne  mucous  membrane.  It  i.s  carried  by  the 
blfxwl  or  lymphatic  stream  tf»  the  liver  or  other  organs,  where  it 
develops  an  echiiiococctui-cyst  (Fig.  127). 


F^r,  l:.>6.— TEenlacchl- 
niwncciu;  enlarsed 
(MwJer  and  Peipei). 


Fio.  177.— EchlniH'iiccus  cyst  of  llic  tlver  (from  a  spvcimcn  In  Ihe  Musvum  i.f  the  Fblla- 

dclphia  Hospital ) 

The  wall  of  the  cyst  is  couiiMised  of  two  layers,  an  outer  cuticular 
and  an  inner  jKirenchyniatous,  gniuulofellular  layer.     The  paren- 
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Fig,  lis,— Formation  of 
buds  upon  the  purencfiymn- 
tous  layer  (t,«.-uckart). 


chvmatous  layer  is  imfMjrtant  as  a  budding  or  bnxitl-membranc'. 
After  some  weeks  there  may  be  seen  iii>oii  its  surfact;  small  buds 
or  projections,  which  latiT  become  hnlluwed  by  a  centnil  excava- 
tion and  form  a  small  cy.'-t ;  secondary  Inidlets  s])ring  from  the 
surface  of  this  and  gradually  form  cMtibryonal  lieatls  or  seolices 
(Fig.  128).  W'lien  mature  tlics<}  are  rt'trncted  »jr  inverted  into 
tlie  cavity  or  cyst  of  the  original  bnd.  In  this  manner  a  large 
number  of  heads  are  formeil  tipon  the  inner  wall  of  the  original 
tvliinoooocus-cyst,  the  cavity  of  the  cyst  at  the  ssinie  time  increas- 
ing in  size  and  being  distended  with  characteristic  licjiiid.  This 
is  a  ch'ar  fluid,  having  a  sjHritic  gravity  of 
from  1009  to  1015  and  a  neutral  or  alka- 
line reaction,  and  containing  no  albumin  or 
only  traces,  but  a  considerable  (jiiantlty  of 
ehlorid  of    so<lium.      Sugar    is   sometimes 

Lfoim'l   in  the  fluid. 

f  (ft)  Echinococcus  Hydatidosus. — Besides 
this  form  of  simple  cyst  with  buds  attached 
to  the  inner  wall,  tliere  art*  lases  in  which 
daughter-cysts  and  even  granddaughter- 
cysts  are  formed.  The  daughter-cysts  are  found  within  the  original 
cyst,  anil  are  ]>robai>ly  produced  by  cystic  degeneratKin  of  the  buds 
already  tlescribcd  ;  and  ]w)>sibly  in  some  cases  by  sinijile  sejuinition 
of  the  buds.  They  are  variaitle  in  size,  .sometimes  becoming  as 
large  a.s  a  nut  or  egg,  and  when  granddaughter-cysts  are  contained 
within  them  the  size  may  be  even  greater.  To  this  form  the  term 
ErhnioroccHu  hi^datidosiia  or  Kchinnroecuit  eiidoffenes  is  ap])licable. 

In  a  snbvaricty  of  this  form  secfmdary  cysts  are  jiriHliurd  oiit- 
tji<le  the  original  wall.  These  are  frtriiie<l  by  a  process  (if  soft- 
ening in  the  euticular  wall,  with  gradual  |)rojcction  of  the  paren- 
chymatous layer  toward  the  exteri<ir  and  eventual  ruptiu'e,  with 
formation  of  .secondary  cysts  outside. 

(c)  Echlnococcns  Multilocularis. — In  a  tliinl  form  of  echinococ- 
ous-disease  there  are  numerous  siitall  cyst<,  from  the  size  of  a 
grape-seed  to  that  of  a  ]iea,  envbeildcd  in  cntiuectivc  tissue,  and 
altogether  forming  a  more  or  less  definite  tumor-mass.  On  sec- 
tion this  presents  an  alveolar  ap|)earance,  the  cysts  containing 
.-omowhat  gelatinous  material.  Careful  examination  of  the  inner 
walls  of  the  small  cysts  shows  them  to  contain  pigment  and  cal- 
careous particles.  Seolices,  however,  are  alisent  for  the  most  ]iart, 
the  cysts  being  generally  >terile.  The  term  Ei'limorocniJ*  mii/ti- 
loriif(iri»  is  a]>plie<l  to  this  variety  uf  disease  (Fig.  129).  Its  fivrma- 
tjou  is  explained  by  the  as.sumptiou  that  there  are  secondary  pro- 
liferatioas  in  an  outward  direction  from  the  original  cyst,  rather 
than  a  deposit  of  large  numbers  of  ova  or  eiiiliryos.  The  wliole 
nia.ss  presents  the  appearance  of  a  ttnnor,  and  nol  rarely  <^entral 
irofiis  and  softening  occur  as  in   tumors. 
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Ec'liiiiKfocciis  cysts  may  rontiiiuo  to  grow  until  they  have  reached 
liiige  liiniL'usimi.s  without  uiniorgoing  any  secondury  clianges.  In 
otiier  cases  the  parasite  may  die  anil  the  growth  may  cease, 
or  iiotive  prolircnitinn  ol'  the  tissues  around  the  eyst  may  lead  tn 
early  dcstniction.  In  still  other  cases  suppurative  change  (xriirs 
in  the  cyst  or  its  wall.  In  all  cases  when  the  cyst  rea<"hes  a  cer- 
tain size  the  tissues  arouud  produce  a  connective-tissue  ('apsule  of 
greater  or  less  thickness.  When  the  parasite  dies  inspi.ssutiun  of 
the  liquid  m-cuiN,  and  it  may  eventually  disappear  or  he  converted 
into  a  thick  whitish  inati'rial  ;  the  cvst-walls  and  the  connective- 


Fio.  121>.— Echiiiu(.'ucc'U&  mulUlucuUris  (LuscbkA). 

tissue  capsule  at  the  same  time  shrivel  and  present  peculiar  con- 
ccutnc  lanicllations  that  are  very  characteristic.  Eventually  cal- 
cification of  tlie  wall  of  the  cyst  and  to  a  certain  extent  of  its 
contents  takes  place. 

Seats. — EcliinociH'ciis  cysts  arc  most  frequent  in  the  liver. 
They  also  occur  in  the  lungs,  kidneys,  spleen,  and  omentum,  and 
less  fn'tpicntly  in  the  hniin  f)r  other  parts  of  the  nervous  system. 
The  [)atliologic  effects  arc  produced  liy  direct  mechanical  pressure. 

The  geographical  distributioti  is  extensive,  hut  the  dis- 
ease is  conunon  oidy  in  restricted  hu'alities,  es|H.'eially  in  northeni 
countries  (north  of  Europe,  Iceland). 


BOTHRIOCEPHALUS  LATUS. 

The  Bothriix'ephalus  latiis  is  the  largest  tape-worm  of  man, 
reaching  tlie  length  of  from  5  to  f)  m.  The  head  is  flattened 
and  club-shaped  and  [treseiits  two  groove-like  suckers  at  its  sides 
(Fig.  130).  The  neck  is  thin  and  gradually  increases  in  diameter. 
The  ripe  segments  are  (piadrate,  and  arc  distinguished  by  a  rosette-M 
like  formation  of  the  uterus,  which  is  plaiidy  visihle  in  the  center^ 
of  each  proglottid  (Fig.  117).  The  genital  pore  is  upon  the  flat 
surface  of  (he  segment  and  always  upon  the  same  side  of  the 
worm.  The  eggs  are  oval  in  shape  and  enclosed  in  a  shell  pre- 
senting a  hingrtl  lid  at  one  poh-.  The  intermediary  host  is  sonici 
form  of  fish,  most  frequently  the  pike.     The  eggs  first  undergo ; 
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certain  amount  of  development  in  water,  the  embryo  becoming 
free  and  floating  abmit  or  Itoiiif;  propelled  by  a  eiliated  outer 
covering  and  then  entering  the  digestive  tract 
of  fish. 

The  geographical  distribution  is  (mitji- 
paratively  restricted.  It  is  frequent  in  certain 
northern  countries,  as  in  Sweden,  and  in  parts 
of  central  Kuro|)e,  esj)ecially  in  %S\vttzerlaud. 
It  is  only  occasionally  met  with  in  ^ijnerica  in 
immigrants. 


BOTHRIOCEPHALUS  CORDATUS. 

Fio.  lao.— Hi'arland 

This  variety  is  much  smaller  tliati  the  last,  ill'u.Ju,  a:Juckar^',''*" 
the  maximum  being  from  1  to  1.25  /j.  The 
head  \»  short,  broad,  and  lieart-sliape<i,  and  the  suckers  are  placed 
upon  the  flat  surface.  The  uterine  structure  diti'ers  from  that  of 
Bothriocephalus  latus  in  being  narrower  anil  more  elongated,  and 
also  in  having  lateral  branches.  The  body  of  the  worm  contains 
granular  calcareous  mutter. 


I 


,  BOTHRIOCEPHALUS  CRtSTATUS. 

Tills  f<>rm  is  about  'i  ni.  in  length,  antl  is  distinguishetl  by  two 
crest-like  projections  M|nm  the  lieail.  These  are  covered  with 
numerous  small  papilhe.  There  are  no  definite  suckers,  and  the 
head  contains  abuudaut  granular  calcareous  matter. 

BOTHRIOCEPHALUS  LIQLLOIDES. 

This  variety  occurs  only  in  the  larval  form  in  man.  It  has 
Ijoen  found  in  the  region  of  the  loins  and  iti  the  tissues  about  the 
eyes.  The  head  of  the  worm  is  distinguished  by  a  papilla-like 
projection. 


NEMATODES,  OR   ROUND-WORMS. 


^^V  ASCARIS   LUJVIBRICOIDES. 

The  Ascaris  lumbricoides,  or  nnlinary  numd-worra,  is  one  of 
uie  most  fre<jiient  intestinal  ])anisites.  Tire  male  may  reach  a 
length  of  2o  cm.  and  a  tliirkness  ol'  2  to  4  nun.  ;  the  female  is 
longer,  up  (o  40  rui.,  juid  tiiieUer,  n]t  to  5  or  (J  mm.  The  body 
rof  the  worm  is  brownish  <ir  sometimes  pinkish  in  color,  and  ])»■- 
sont.s  parallel  ridges  or  rings  sonx'wliat  like  those  i>l'  tin'  earth- 
worm. The  head  is  provided  with  tliree  rounded  |)romiuences  or 
lips,  l)etween  which  the  mouth  is  })laced  (Fig.  131).  The  male 
sh<iws  two  chitinous  spicules  at  the  cloaca.  The  eggs  of  the  worm 
are  produced  in  great  numbers ;  they  are  covered  with  a  tough 
shell,  and  surmunding  this  is  a  clear  material  in  an  irregtdar  mass. 


318 


TEXT-BOOK  OF  PATHOLOOY. 


6 


The  contents  of  the  eggs  consist  of  a  granular  material,  sometimes 

showing  the  linear  outlines  of  an  embryo. 

The  ascjiris  clevelo])s  in  man   t'ruin  swallowing  of  the  eggs  in 

infested  drinking-water  or  IVxmI.  Tlie  parasites  may  be  pre*»iin 
singly  or  in  numbers.  They  occupy  ilie 
small  intestine,  but  frequently  migrate, 
entering  the  guU-ilucts,  tiie  stomach,  the 
esophagus,  and  even  the  larynx  or  nasal 
cavities. 

Pathologic  Physiology. — Ascaridw 
may  give  rise  to  violent  symptoms  i)y  ol>- 
stnictiou  of  various  passage-ways,  and  when 
in  numbers  or  united  in  masses  even  intes- 
tinal obstruction  may  be  caused.  It  is 
probable  tluit  ascaridcs  produce  irritating 
secretions,  as  it  has  been  observe<l  diat 
considerable  dermatitis  sometimes  arises 
in  jjersous  handling  them.  Occasionally 
abscess-cavities  containing  lumbricoids  are 
found  in  connection  with  ulcerations  and 
perforation  of  the  intestines.  These  ab- 
scesses were  believed  Ivy  older  authors  to  lie 
caused  by  the  worms  ;  at  the  present  time 
it  is  more  generally  held  that  the  worms 
j>lay  no  important  part,  their  presence 
being  due  only  to  their  coincidence  in  the 
intestine. 

ASCARIS  MYSTAX. 

This  form,  which  is  common  in  cats 
and  dogs,  is  rarely  met  with  in  man.  It 
is  much  smaller  than  the  ordinary  round- 
worm, the  male  reaching  a  length  of  45 
or  GO  mm.,  and  the  female  120  or  130 
mm.  The  head  is  distinguished  bv  two 
lateral    wing-like    projections    composed    of    chitinous    material. 


Fig.  131.— Ascarls  lumbrl- 
col(le« :  A,  female .  B.  nialt- :  C. 
egg,  magnlHed  .100  dlameteni, 
6,  head,  mafnilfled  (after  Perls). 


ASCARIS   MARATIMA. 

This  form  has  been  observed  but  once,  and  the  female  ale 
was  found. 


OXYURIS  VERMICULARIS. 


The  o.xyuris,  seat-worm,  nr  pin-worm,  is  one  of  the  commonest 
parasites  of  man.  The  male  is  2.0  to  o  mm.  in  length  ;  the  female, 
10  to  12  mrn.  {Fig.  132).  The  jKisterior  end  of  the  male  is  blunt 
and  curved  upon  itself;  in  the  female  it  is  elongated.  The  eggs 
of  the  o.Kvuris,  which  arc  ]iroduced  in  great  numbers,  are  o\-al  or 
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olliptical  and  about  5  ft  loiijr-  The  embryo  is  visible  within  as 
a  lobiilated  body,  Thf  parnsite  is  developed  directly  from  the 
e^^gs.  When  these  are  swallowed  tlie  outer  eoutin^  is  dissolved 
in  the  stomach  and  the  embryos  eseape,  to  reaeh  their  full  de- 
velopment ill  the  .small  intestine.  The  imprejination  ueeurs  in 
the  small  intestine  and  within  a  short  time  after  the  swallowing 
of  the  eggs.  After  impregnation  and  ripening  the  female  para- 
sites move  towanl  the  rectum  and  nuiy  be  discharged,  or  may 
leave  by  their  own  movements.     The  life  _         ^ 

of  the  worm  is  short,  but  there  is  always 
the  jiossibility  of  rcinfectiou. 

Oxyuris  is  e.sjK^cially  common  in  cliiid- 
bood.  It  is  probable  that  the  worms 
sometimes  cause  inflammatory  troubles. 
In  cases  in  which  they  accumulate  in  num- 
bers a  form  of  verminous  diarrhea  may  be 
produced.  In  fenude  children  vaginitis 
frequently  results  from  the  migration 
of  the  parasites  into  the  vagina. 


Fio.  132.— 0.\j-iiris  vermlcu- 
UrU  :  a,  female  i  b,  male  (Moa- 
ler  and  I'elpvr). 


I  TRICHINA   SPIRALIS. 

The  Trichina  spiralis  o<'curs  in  its  larval  form  in  the  mu.scles 
or  organs  of  man  and  iu  the  tower  animals ;  in  the  adult  form  it  is 
found  in  the  intestines  of  man  or  animals. 

The  adult  male  is  about  1..T  mm.  in  length  and  0.14  mm.  in 
thickness.  At  the  posterior  end  there  is  a  retractile  cloaca  flanked 
by  two  projections.  The  female  is  2  to  4  mm.  iu  length  and  0,6 
mm.  in  thickness.  The  eggs  are  prfivided  with  a  very  thin  shell, 
and  the  embryos  escape  from  this  within  the  uterus.  They  are 
produced  in  immense  numbers.  The  young  cmbr}'os  found  in  the 
intestinal  tract  are  from  0.1  to  0.16  mm.  in  length,  the  anterior 
end  thicker  than   the  posterior.     In   part   they  escape  with  the 

feces,  and  tlie  ;  the  greater  {lart  penc- 
tmte  the  intestinal  wall  and  are  car- 
ried to  various  parts  of  the  system, 
cmbediliiig  themselves  especially  in 
the  muscles,  where  they  undergo 
further  changes.  Here  the  organism 
coils  it.self  and  beconies  surrounded 
with  a  capsule,  wliirfi  is  at  first  trans- 
parent, but  may  subsequently  undergo 
calcareous  change  and  become  ojvaquc 
(Fig.  1.'};V). 

Trichinic  are  acquired  by  man  by 
eating  improperly  cooked   ham.     The 
capsules  are  digested  and  the  larval  trichinae  set  free.     In  the 


P  Pio.  ISS.— TrIchinii'OaiMnIc  with 
tM  conneclive-tliisuc  coverinR:  n. 
?arl]r  itKiirc .  b,  calcifled  (Leuckart). 
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small  intestine  cliey  reach  their  maturity  in  about  three  days ;  the 
females  are  im|trej;natciK  an<l  some  tlays  later  diseharpe  the  em- 
hryn.*,  some  of  whieli  die  f>r  escape  with  the  feces,  while  otliers 
prohalily  liorc  their  way  into  the  niueous  memhnine.  Many  of 
tiie  females  i>enetrate  the  iiilestiii;d  walls,  and  esjMJcially  the 
lym[>ii:Uie  tissues  of  the  walls,  where  tJKy  liherate  their  embryos. 
These  are  disseminatei!  throitjjhout  the  hotly  by  their  own  migra- 
tions or  witii  the  lymph-  and  blood-streams. 

The  favorite  seat  is  the  striated  muscle-tissue,  and  they  lie 
within  the  lutisclt'-biaidtes  themselves  or  less  fre<^uently  between 
them.  They  reaeh  their  declination  iu  ten  ihiys  aller  the  prinmn' 
invasion,  Ijut  subseijueirt  erojis  are  deposited  as  the  young  continue 
to  mature  in  the  iiitestiue,s.  In  two  nr  three  week«  they  l»egin  to 
become  encysted  in  the  mns<des. 

When  the  embryos  are  libei-ated  in  the  .stomach  and  intestines 
they  fH'easiiiii  viuK'iit  jj^.istro-iiitestinal  irritation,  with  vomiting, 
diarrliea,  and  ofien  more  or  less  pronoiiiieed  collapse.  In  their 
later  mitji-ation  ttie  worms  set  np  intense  muscular  pains  of  rheu- 
matoid ehanicter,  with  edematous  swelling  and  fever. 

Tricliiniasis  is  common  in  all  parts  of  the  world,  but  has  been 
largely  reduetil  by  greater  care  iu  the  cooking  of  pork. 


ANKYLOSTOMA  DUODENALE. 

The   Ankylostoma   duoilenale,  or   Dochmins   dnmlenalis,   is  a 

cylindrical  worm,  the  female  being  from  7  to  !()..'>  mm.  in  length; 

le  raalcj  from  7  to  1 1.2  mm.     The  head  is  rounded,  and  is  armed 


I 


Fio.  134— Anchylostoma  diindenale :  o,  male,  natural  sizv :  /.,  fvniale,  natural  size    <• 
magnlfled;  d,  female  maguitleil ;  t.  liead.  greatly  magnined  ,  /,  0(?)fs  ivon  Jaksclil. 

with  six  sharp,  hook-like  teeth.  The  female  is  usually  of  a  brown- 
ish or  reddish  color,  due  to  absorption  of  coloring-matter  of  the 
blood.     The  eggs  are  easily  distinguished,  being  elliptical-shaped, 
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from  0.056  to  0.063  ram.  in  length  and  0.036  to  0.04  mm.  in 
thickness.  The  .shell  is  separated  t'rum  tlif  einitents,  and  the  latter 
liave  a  granular  appearanee,  are  Ijrowiiisii,  and  in  the  stale  of 
segmentation.  The  eggs  may  appear  in  tlie  stooi.s  in  great  iium- 
liers.  The  embrvo  is  fully  develoj)ed  outside  tlie  itody,  and  entering 
the  stomach  antl  intestine.s  of  man  there  undergoes  full  develoj>- 
ment  (Fig.  134). 

The  adult  worm  occupies  the  small  intestine.  It  may  be 
present  in  small  or  large  luimhers,  and  is  usually  ratlier  firmly 
attached  to  the  mucous  menilinine.  Changes  in  tJie  latter,  how- 
ever, are  not  pmnouneed. 

Patients  harlxmng  this  parasite  frequently  Itccome  intensely 
anemic.  It  was  this  psirasite  which  was  found  in  many  cases  of 
Egyptian  chl()rosis,  and  it  is  tlie  same  organism  that  produced  (lie 
intense  anemias  (pernicious  anemiaj  of  the  laborers  engaged  in 
building  the  St.  Gotthanl  tunnel. 

STRONQYLOIDE5    INTESTINALIS. 

This  parasite  oeriirs  in  two  geiuTatiuns  ur  tyjH's:  the  adult,  in 
whieli  the  individual  of  female  haliitus  represents  lioth  sexes  and 
repriKluees  by  parthenogenesis ;  and  the  intermediate  gener.itiou, 
in  which  tlie  two  sexes  are  represented  by  different  individuals. 
The  adult  was  formerly  called  .-Vnguillula  sterconilis,  and  the 
intermediate  the  .\uguillida  ititestinalis,  but  their  relationship  is 
now  fid ly  determined.  Tiie  parasite  is  «liscovered  by  tlu'  piTsence 
of  its  larva;  in  the  stools.  The  latter  are  from  0.2;j  U<  O.du  mm. 
long  and  0.016  to  0.022  mm.  in  width.  Ki'pt  in  a  warm  place  in 
the  stools,  these  rhabdiliform  larvte  may  grow  to  the  liisexual 
intermediary  generation  (.\.  stercoralis).  The  female  when  full 
grown  is  about  1.0  nmi.  l(»ng  and  0.04  mm.  wide,  it  has  a  mouth 
with  three  lips,  a  triangular  esnphagus  with  a  dilatation  after  a 
stricture,  and  in  the  jtostorior  i>art  of  the  IkmIv  ji  uterus  containing 
eggs  and  sometimes  free  embryo.  The  male  is  a  little  fihorter, 
has  a  shorter  tail,  and  at  the  base  of  the  tail  two  horn-like  spicules. 
Copulation  of  these  forms  and  reproduction  of  larvae  have  been  fre- 
quently observed.  Instead  of  developing  into  tln'  intermediate 
generation,  the  original  larvic  may  change  to  a  filariform  type  by 
elongating  and  losing  the  esophageiil  dilatations,  the  intestinal  tract 
becoming,  instead,  a  uniform  cylinder.  These  filaria-like  larvm 
when  ingested  by  man  devehip  mature  parasites  of  tlie  adult  type 
(Anguillula  intestinalis).  These,  as  has  tieen  said,  are  partheno- 
gcnctic,  or  possibly  herma]>hr<«litic.  The  full-grown  wt»rm  is  2.10 
to  2.20  mm.  long  and  0.03  mm.  wide  ;  the  mouth,  provided  with 
three  lips,  open*  into  an  e.*ophagus  occui>ying  one-fourth  the  length 
of  the  bofly  an<l  without  dilatations,  the  darker  colored  intestine 
follows,  and  with  the  ovary  and  uterus  occupies  the  jw-sterior  part 
of  the  bodv. 
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There  arc,  as  lias  liwii  nRiitiimeii,  two  incthoils  of  reprodui-tion : 
that  hy  direct  tnin!?tiirniatinii  uf  tla'  rlialxlitit'orm  larva>  into  the 
filariform  and  thun  into  adults,  and  the  indirect,  tlirouph  the  inter- 
nifiiiate  *;enuration.  By  tins  arrangement  tlie  parasite  mav  repro- 
duce directly  if  external  conditions  are  unfavonihlc,  and  indireotlv 
when  eonditions  are  favorable.  The  latter  nietiuxl  seems  to  be  rao^• 
I'ommou  in  the  trojiics  than  in  colder  conntries.  The  adnlt  fonii 
alone  is  parasitic  in  the  trnc  sense  ;  the  otlicr  form  representing  only 
astago  for  the  |>erpetnation  of  tiiesjiecies.  Unlike  the  anchylostoma, 
eggs  of  strongyloides  arc  nirely  iinnid  in  the  stools  excepting  after 
jHtrgation.  Inii'ction  prolwbly  occurs  througli  tainted  water  ami 
fond,  Init  recently  experiments  have  been  carried  out  to  show  that 
the  embryo  may  penetrate  through  the  skin  and  thus  gain  access 
to  the  body. 

Strongyloides  is  comnion  in  tropical  countries,  and  was  first 
discovered  in  cases  of  Cochin  China  diarrhea.  It  is  prolmhly 
capable  of  causing  intestinal  irritation,  and  seems  rarely  present 
in  liealtliy  persons,  but  its  pathogenicity  is  still  uncertain.  It  has 
recently  been  discovered  in  tlie  United  States. 


TRICHOCEPHALUS    DI5PAR. 

The  anterior  portion  of  tliis  parasitp  is  thin  and  thrend-like, 
while  the  posterior  p>rtion  is  thicker.  The  length  of  the  worm  is 
from  4  to  5  cm.,  tlic  male  being  somewhat  the  smaller.  The 
thicker  |)art  of  the  male  is  curled  upon  itself  and  lilunt  at  the 
end,  while  that  of  the  female  is  straight  and  more  pointed.     The 


■^^^ 


Fio.  1S5.— TrichocepbalasdUpar;  oatnral  site  (Hellei). 

^08  are  very  characteristic,  being  brownLsh  in  color,  covered  with 

a  tnick  capsule,  and  having  at  either  pole  a  button-like  projection 
(Fig,  ILS).     The  length  of  the  egg  is  about  0,')5  mm. 

The  jmrasite  occupies  the  cecum  in  man,  occasionally  the  vemii- 
forni  appendix,  and  somctiiues  tiie  small  intestine.  It  is  particu- 
larly fretpicut  in  children  in  Syria  and  Egypt.  It  does  not,  as  a 
rule,  produce  .serious  disturbance,  but  may  canso  intestinal  or 
reflex  nervous  symptoms.  Kccently  it  has  been  claimed  that  the 
parasite  causes  considerable  disturbance  by  abstracting  blood. 
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FILARIA   MEDINENSIS. 

The  Filnria  or  Dracunruhut  MetHuoisis  is  a  round-worm  in- 
festing the  subcutaneous  tissues  and  the  skin.  The  male  has  not 
been  reajgnizetl  with  certainty,  thoug[i  two  recent  observers  have 
found  a  smaller,  degenerated  and  jiartly  calcified  form  in  associa- 
tion with  the  female  tilaria.  Tiie  furiiale  sometieTtes  reaches  a 
length  of  (50  to  80  cm.;  it  is  vellnwisji  in  color  and  exceedingly 
elastic.  In  general  aiipearaiice  it  resembles  a  string  of  catgnt. 
The  body  of  the  worm  contains  a  liiglily  developed  ntertis, 
which  practically  fills  the  cavity  of  the  worm,  the  intestinal 
tulje  being  crowded  to  one  side.  The  uterus  is  found  to  contain 
innumerable  small  embryos;  these  escape  wlieii  the  [larasite  is 
ruptured. 

The  organism  occurs  very  abundantly  in  tropical  couulries  of 
the  old  world,  notably  Arabia,  along  the  coast  of  the  Caspian  Sea, 
in  Abyssinia,  and  Guinea.     The  parasite  is  sometimes  called  the 

•Guinea- worm. 
The  parasite  infests  the  subcutaneous  tissues,  particularly  those 
of  the  lower  extremities,  and  gives  rise  to  inflammatory  lesions 
rt'sembling  carbuncles.  The  method  of  invasion  and  the  life-his- 
^■tory  of  the  orgiinisui  are  oljsi'ure.  It  has  been  held  that  the 
^■embryos  develoji  in  water  of  swamps,  and  enter  <lirectly  tlin)ugh 
the  skin.  This  view  has  never  been  proved,  and  recent  investi- 
gations would  indicate  that  certain  crustaceans  of  the  family 
Cyclops  are  the  intermediary  host  and  effect  the  transmission  to 
man.     Some  authorities  believe  tliat   the  invasion  occurs  through 

kthe  gastro-intestinal  tract. 
FILARIA  SANGUINIS  H0M1NIS. 
Several  varieties  of  filarial  have  been  found  in  the  bliMnl  and 
are    incliidetl    under   this   generic   term.     The   discovery  of  the 
organism,  or  rather  of  the  embryos,  was  made  by  Wneherer,  in  a 
case  of  hematuria. 

The  embryos  a]>pear  in  the  blimd,  urine,  the  lymph,  and  tlie 
tissues  as  thread-like  structures,  varying  in  si/.e  in  the  dill'erent 
varieties.  The  ordinary  form  has  a  thickness  of  about  the 
^-diameter  of  a  red  corpuscle,  ami  is  as  much  as  0.2  to  0,"t  mm, 
Bpt>  length.  It  consists  of  a  transparent  sheatli,  almost  completely 
fillet!  with  the  embryo,  the  ends,  hrtwever,  {»roje<'ting  a  little 
beyond  the  organism,  in  a  sac-like  fashion  (Fig.  136).  The  em- 
bryo is  actively  motile,  stpiirming,  thrashing,  or  curling  anil  un- 
curling itself  rapidly,  ami  thus  producing  more  or  less  agitation 
of  the  cor|)uscles  or  solid  bodies  in  its  viciirity. 

The  number  of  the  embryos  found  in  tlie  bhwd  varies  greatly ; 
in  many  ca.ses  a  search  thnmgh  several  cover-glass  preparations 
mav  \)Q  necessary  to  detect  a  single  one.  Usually  they  an-  more 
abundant.     A  feature  of  importance  is  that  they  occur  only  during 
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the  night,  iink'ss  the  patient  reverses  the  usual  conditions  and 
during  tlic  day. 

The  adult  worms  occuin'  the  lymphatio  channels,  the  male  and 
female  being  found  together.     The  male  is  somewhat  smaller  than 
the  female  and  is  colorless.     The  brownish-colored  female  womi 
is  a()ont  .'}H  mm.  in  length  and   produces  embryos  in   great  abun-  h 
iluuce.     These  enter  the  circulation  and  are  disciiarged  in  various  fl 
ways,  especial !y  in  the  urine.    The  nioMjuito  has  been  found  to  act  ~ 
as  the  intermediary  host  iu  which   the  embryo  reaches  its  fuller 
developnient.  ■ 

Filariasls  is  particularly  common  in  the  warmer  climates,  but  ™ 
is  occasionally  met  with  in  this  countn,-,  especially  in  the  Southern 
Sta'a*.     One  of  it.s  most  frequent  forms  is  char:icterized  clinically 
by  hcmaiAMihijIuria.     The  enibryos  in  these  cases  may  be  found  iu 


Fig.  136.— FUtti, 


Henry). 


the  blood  and  also  in  the  chylous  urine.     Pathologically  no  ; 
changes  may  be  foimd,  but  there  nuiy  be  in  other  cases  evident 
distention   of  the  lymphatic   channels   and   blood-vessels   of  the 
pelvis  of  the  kidneys,  ureters,  or  bladder;  and  the  embryos  may 
be  found  in  the  sul)stance  nf  the  kidneys  or  in  the  walls  of  the  ^ 
blood-vessels.     Another  form  of   filaria.sis   is   elej)}iavtiaifus.     InH 
these  cases  there  is  obstruction  of  the  lymphatic  vessels  in  con-^ 
sequence  of  the  presence  of  the  parasites,  of  thrombi,  or  of  inflam- 
matory lesions,  and  as  a  result  of  these  conditions  dilatation  of  the 
peripheral  lymphatic  vessels  occurs.     The  skin  may  be  nipturwi 
and  chylous  liquid   may  exude.     The  embryos  may  be  found  ii^f 
this  on  microscopic  examination.  " 

Varieties. — Manson  has  described  three  varieties  of  embryonal 
filarite — the  original  form,  or  Fikiria  norlunin  ;  a  second  variety, 
in  wiiich  the  embryo.s  are  found  at  any  time,  night  or  day,  called 
F'daria  perxtaim,  whicti  he  believ<,'s  the  cau.se  of  the  sleeping- 
disease  of  Africa  as  well  as  of  certain  skin  di.scases  (Craw-Crawj|_ 
the  adult  worm  is  unknown.  The  third  form  is  the  Filark 
diurna,  which  appears  in  the  blood  only  during  the  day.  Th 
last  is  probably  the  embryo  of  FHiiria  loa,  a  form  occurring 
the  eye,  lying  under  the  conjinictiva.  It  is  found  in  Afrii.-a  and 
tropical  America.  Manson  l)elieves  that  the  mangrove  fly  is  the. 
intermediary  host. 
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OTHER  FORMS  OF  FILARI/E. 

The  FUaria  lentis  was  found  in  the  lens  in  a  case  of  cataract. 
The  FUaria  lahlnliH  was  tliscovereil  in  a  pustule  on  the  lip  of  a 
student  in  Naples ;  the  FUaria  homiiUH  oris  was  found  by  Leidy 
in  the  mouth  of  a  child  ;  and  FUaria  reMiformig  was  found  in  the 
urine  of  a  patient  by  the  same  observer.  The  FUaria  immUig 
is  the  common  filaria  of  the  dog,  and  has  been  found  in  man. 
The  Filaria  hronchialia  was  found  iu  t)ronfhiiil  lymphatic  glands 
in  a  case  of  phthisis,  and  has  also  been  found  iu  the  traehea  and 
bronchi.  The  FUaria  Drmarquai/i  uud  F.  MagalhcEsi  are  forms 
whose  identity  has  not  been  sufficiently  established.  FUaria  con- 
ce,  F.  lymnhaliva,  and  F.  Bomanorum-orieidalis  are  others 
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that  have  been  described 

H  ECHINORRHYNCHUS  QIOAS. 

^  This  is  a  larjje  round-worm,  the  bo<ly  bring  marked  by  distinct, 
transverse,  parallel  riui^s.  The  male  may  be  from  7  to  10  em.  in 
length,  the  female  from  31  to  50  cm.  There  is  a  retractile  rostel- 
lura,  with  six  rows  of  htwklets,  at  the  anterior  end,  eaeti  row  com- 
pose<l  of  eight  spicules.  The  parasite  occupies  the  small  intestine  of 
the  hog,  and  has  been  found  oi^easionally  in  man.  The  intermediate 
host  seems  to  be  the  grub  of  the  eockcliafer  and  the  June-bug. 

r  Other  varieties  of  echinorrhynchua  have  been  described,  but 
not  well-determined  species. 
1 


EUSTRONGYLUS  OIOAS. 


The  female  of  this  species  may  reach  a  length  of  1  m. ;  the 
male  is  but  one-third  this  size.  The  anterior  end  of  the  worm 
i,«  retracted,  and  the  mouth  surrounded  by  six  papilhc.  The 
posterior  end  is  expanded,  and  provided  with  a  spicule  ]>rojecting 
from  the  cloaca.  The  color  of  the  worm  is  brownish  or  blood-retl. 
The  parasite  is  found  in  the  pelvis  of  the  kidneys,  ureters,  and 
bladder  of  dogs,  horses,  cattle,  and  other  animals,  and  rarely  in 
man.  Among  its  results  are  enlargement  of  the  pelvis  of  the 
kidney  and  atrophy  of  the  kidney-substance. 

STRONQYLUS   LONQEVAOINATUS. 

This  parasite  was  found  in  the  lungs  of  a  child.     It  resembles 
lie  .strongylus  met  with  in  the  lungs  of  sheep  and  other  animals. 

TREMATODES.  OR   FLUKE-WORMS. 

The  flnke-worms  are  usually  flattened  organism.?,  somewhat 
tongue-shaped  and  provided  with  powerful  suckers  and  occasion- 
ally al«o  with  booklets.     The  intestinal  canal  begins  in  the  oral 
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orifice  anteriorly,  but  is  closed  at  the  posterior  extremity.  Repro- 
duction may  take  place  directly  or  by  the  formation  of  an  inter- 
mediate organism  which  is  panisitie  to  certain  lower  aniinal.s.  In 
this  stage  they  are  actively  inutile,  swimming  about  iu  water,  and 
are  known  as  the  cercariie. 


DISTOMA   HEPATICUM.  V 

II 

The  Distoma  hepaticum,  f)r  liver-Hnke,  is  from  15  to  36  mm.  in 
length  and  6  to  20  mm.  bruad  ;  it  is  pointwl  at  either  end,  and  an- 
teriorly is  provided  with  two  suckers,  oiic 
at  the  head  niul  one  ujwn  the  ventral  .sur- 
face, .somewhat  jKisterior  to  the  first  (Fig 
137).  The  genital  jMU'e  lies  between  the 
two  htjckers.  The  eggs  are  oval  in  shatjf, 
0,14  to  0.15  mm.  in  length,  aud  providiil 
with  a  lid  at  one  pole. 

The  atlult  orgjuiism  occupies  the  biliarj'  _ 
duets  and  is  a  frequent  parasite  of  sheep.  ■ 
It  is  occasionally  met  with  in  man,  usuallv 
Fio  tn-Disioma  hepati-     recurring    ill    considerable    nuniin-rs.     ft 
"""•w'*P""''"}*.*''*  natural     gives   rise   to  olwtruction  of  the    bilian' 

•lie  (.Mufeler  and  Ptiper).  "  ,  .        , 

pas.sages  and  consequent  enlargement,  con- 
gestion, and  later  degonenttion  of  the  liver.  The  gidl-duets  alwve 
the  point  of  obstruction  have  sometimes  been  found  considerably 
dilated  iir  cy.stic.  Clinically  ascites  ami  jaundice  have  been  fount!, 
with  gust ro- intestinal  symptoms  and  distoma-eggs  in  the  stools. 


DISTOMA    LANCEOLATUM. 


This  form  is  .smaller  than  the  last,  8  to  10  mm.  in  length  and 
2  to  2.5  mm,  in  breadth.  The  two  suckers  are  far  apart,  and  the 
genital  pore  lies  between  thcin  (i'"ig.  138). 
The  eggs  arc  0,t)4  to  0.0-5  mm.  in  length 
and  0.(K}  nun.  in   breadth. 

This  form  is  frcijiK'ntly  associated  with 
the  last,  aud  occupies  the  biliary  passages  of 
.sheep  and  cattle.  It  is  occa.sionally  met 
with  in  other  animals  and  in  man. 


I 
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DISTOMA   MEMATOBIUM. 


Fig.  138.— DIatoma  Ian 
ceolatum ;  twu-Uiirds  Xtte 
natural  sixe  (Moaler  and 
Pclpt'r). 


This  organism  occurs  in  sexually  distinct 
forms ;  the  male  and  female,  however,  oc- 
curring together.  The  male  is  12  to  14  mm.  in  length  and  1  mm. 
thick,  and  the  posterior  jiart  i.s  sonn'wliat  flattcnctl  and  curve*! 
ventrahvard  to  form  a  groove,  in  which  the  female  is  attached 
(Fig.  139).    The  latter  is  16  to  LS  mm.  long,  and  0,13  ram.  thick. 
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Ito  a  point  at  one  end.    Tlie  adult  punisite  occunies  the  pwrtal  vein 
land  the  veins  of  the  spleen,  niesentery,  uml  tlie  plexuses  of  tlie 


Fio.  138.— Dlstonm  hematoliluui.  with  eggs  (vun  Jaksch). 

bladder  and  rectum.  The  egg?  of  the  organism  may  be  found  in 
anvof  the  organs,  ij(>tnl>ly  in  tin*  livrr,  in  tlie  intestinal  wiills,  and 
in  the  mucous  membranes  nf  the  uriiiarv  pa>>[iges.  They  proii- 
ably  occupy  the  vascular  system  onliniirily,  but  cause  rupture  of 
the  walls  i>f  the  vessels  and  thus  escape  into  the  tissues. 

The  pathologic  clmnges  caused  bv  this  parasite  are  most  strik- 
ingly seen  in  tlie  ureters  and  bladder  iu  acute  cases.  Hypereniic 
spots  or  small  hemorrhages  iiuiy  be  seen  in  the  mucous  mcinliraiie, 
and  the  surface  is  covered  with  blnnd-staiiied  mucus  containing 
the  eggs.  In  cases  of  longer  stand  lug  roughiu'ss  of  the  nuicous 
membranes  and  usually  small  ecehymotic  elevations  or  outgrowths, 
^suggesting  papillomata,  are  observeil  (Fig.  14t>).  Section  through 
^tliese  shows  that  they  consist  of  jiniliiiTated  cells  with  enlarged 
blood-vessels,  from  which  the  adult  worm 

■may  be  removed.  The  tissues  surroiunl- 
ing  the  vessels  may  contain  eggs  in  enoi'- 
moiis  numbers.  The  mucous  meiubnuie 
IS  frequently  covered  witii  a  cali-ireiius 
de|K)sit  comjxiscd  of  urate  and  oxalate 
of  sodium,  and  the  exeivseences  may  be 
converted  into  calcified  polyps,     Ainuug 

■  the  final  results  may  bi'  ciciitricial  strict- 
ures of  the  ureter,  pyelitis,  and  distention 
of  the  j)elvis  of  the  kidney,  with  atrn|>hy 
of  the  kidney-substance.    Similar  ]iatho- 

■  logic  processes  may  he  found  in  the  rec- 
tum. When  the  ]wrtal  vein  is  occupied 
the  eggs  of  the  distoma  may  be  abundant 
in  the  liver-substance.  Distouui  lieuia- 
tobium  is  a  parasite  (x-curriug  with  t'lior- 
mous  frequency  in  Northern  Africa  and 
neighboring  countries.  It  is  eoiii|Kir;i- 
^wtively  rare  in  other  parts  of  the  world. 


DISTOMA  PULMONALE. 

This  organism  is  from  8  to  10  mm.  in 
length  and  from  5  to  (j  mm.  in  breadth. 


Fif*.  140— Papillary  thicken- 
InK  of  tliL'  niucoas  mctubrane 
f>r  the  blaildiT.  shnwinff  dh- 
toma.<.>eK9  ''•  ><'()  (.Musler  ami 


and  from  0.08  to  0.1  mm.  in  length.     The  worm  occurs  in  the 


The  eggs  are  brownish, 
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lungs,  occupying  ext-avatod  spaces,  usually  near  the  periphery  of 
tlio  organ.  These  cavities  contain  reddish  or  quite  hemorrhagic 
mucopurulent  liijiiid  and  abundant  eggs.  The  cavities  are  in  com- 
munication with  the  bronelii,  and  clinically  the  disease  is  marked 
by  cough  and  hemorrliagic  ex{wctonitinn  or  even  repeated  hemopty- 
sis. This  parasite  occurs  very  frequently  in  Japan,  China,  andCorea. 

OTHER  FLUKE-WORMS. 

Among  other  forms  of  distonia  of  less  importance  are  Dintoma 
crnssum,  met  with  a  few  times  in  the  intestine;  Di^mna  hetrro- 
pbyen  ;  Dixtomn  ophfliidiimbinui,  found  in  the  h-ns  of  th«  eye  ;  Di*- 
fomn  xincxe,  found  in  tlie  liver  ;  Disfowa  foujuncfum,  also  occurring 
in  the  liver  ;  and  the  3Iqiio8Ioiii(i  kiifin,  o<'curring  in  the  eye.  The 
Amplii'slovHi  liominiA  occurs  in  the  intestinal  tnut.  Two  forms, 
the  Hexathyridium  vcnarum  and  Hexathyridiuni  pinguicula,  are 
possibly  forms  of  encapsulated  Distoma  hepaticum. 

ANNELIDES. 

Two  forms  of  leeches  are  of  some  pathologic  importance.  The 
Hirudn  Ceifloniea  is  a  form  occurring  with  great  frequency  in 
Ceylon  and  other  islanils  and  in  parts  of  South  Anieriai.  It  is 
found  in  vegetation,  and  attaches  itself  to  the  skin  of  the  legs  and 
to  fit  her  parts  of  nuin  by  means  of  a  sucker  and  its  short  teeth. 
It  may  give  rise  to  pjiinfid  ulcerations  when  removed.  The 
Jlintdo  vorax  is  met  with  in  part.s  of  Enrojie  and  Africa.  It  gains 
access  to  the  mucous  membranes  of  the  mouth,  larynx,  trachea,  or 
na.sal  chambers,  and  leads  to  inflammatory  troubles.  It  is  not  able 
to  efl'ect  a  lodgement  upon  the  skin. 

ARTHROPODIA. 

A  number  of  parasites  belonging  to  the  groups  Arachnoidea 
and  Insecta  are  met  with  in  man.  Most  of  these,  however,  are 
purely  external  parasites,  and  are  fully  described  in  works  upon 
diseases  of  the  skin.  There  arc  two  forms,  however,  that  merit 
brief  description  here  :  the  Pcntastomiim  (hnticuiatum,  the  larval 
form  of  Pentastomnni  trcnioides  ;  and  the  larvae  of  various  flies, 
the  presence  of  which  in  the  gastro-intestinal  tract  and  other  part« 
of  the  body  is  termed  myicisis. 

PENTASTOMUiW  DENTICULATUM. 

This  parasite  is  occasionally  found  in  the  liver  and  rarely  in 
the  spleen,  intestinal  walls,  lungs,  and  kidneys  of  man.  It  is  dis- 
covered in  small  nodular  lesions,  which  consist  of  the  more  or  le>s 
degenerated  parasite  lying  in  a  cheesy  or  semicalcified  material, 
surrounded  by  a  fibrous  or  calcareous  capsidc.  The  parasite  is 
from  4  to  5  mm.  in  length  and  1.-5  mm.  in  breadth;  has  a  rather 


1 
I 


ASIMAL  PARASITES  AND  DISEASES  CAUSED  BY  THEM.   329 

rouuded  body,  which  is  encircled  by  parallel  rings  armed  with 
spicules ;  and  is  provided  with  two  jKiirs  of  stnut  chitinous  liook- 
lets,  oue  pair  lying  on  either  side  of  the  mouth,  Ttic  adult  funn, 
Penlaatomuin  tcEnioulen,  resembles  its  larva  in  structure,  but  is 
considerably  larger,  the  male  being  from  Hi  to  IH  mm.  long,  the 
t'cmale  from  60  to  85  mm.  This  form  lodges  in  the  nasal  cavities 
and  frontal  sinuses  of  the  dog  ami  other  animals,  and  pro<luces 
eggs  containing  the  embryos,  which  eseafw  with  the  nasjil  secretion 
and  eventually  gain  access  to  the  alimentary  tract  of  other  animal.? 
or  of  man. 

PENTASTOMUM   CONSTRICTUM. 

This  species  has  been  discovered  in  man  in  a  few  cases,  and 
only  in  its  larval  form.  It  differs  from  Peutastomum  denticu- 
latum  in  being  laT^er  (10  to  14  mm.  in  length)  and  having  a 
smo<ith  surface.  It  has  been  found  in  the  peritoneal  cavity,  intes- 
tines, liver,  and  lungs. 

MYIASIS. 

I  A  number  of  flies,  of  the  orders  Estridje,  Musca,  Lucilia,  and 
Sarcophaga,  may  dejjosit  their  eggs  in  wounds  or  in  cavities  of  the 
body  to  which  they  gsiin  access,  such  as  tiu'  nasal  or  pliaryngeal 
cluimbers  and  the  commimicating  passages.  The  eggs  so  depjsited 
arc  hatchc<l,  and  the  larval  insects  nmy  be  retained  and  nuiy  (x-ca- 
sion  intense  irritation.  Sometimes  the  larvte  are  found  in  the  gas- 
tri>-intestinal  tract,  the  eggs  having  been  swallowed  with  fao<I. 
Immense  numbers  may  be  discharged  from  the  intestines,  and  in 
some  cases  the  larvre  seem  to  cn-casion  intestinal  irritation.  The 
term  myuisU  is  given  to  the  invasion  of  these  larval  insects. 


PART    II. 
SPECIAL  PATHOLOGY. 


CHAPTER   I. 

DISEASES  OF  THE  BLOOD. 

ANATOMY. 

The  hloo<)  is  a  liqiii<l  tissue  coniiwsed  of  corpuscles  or  cells 
and  ix  fluid  intercellular  substance.  Tne  cells  are  of  three  kinds: 
the  red  corpuscles,  or  erythrocytes  ;  the  white  corj>useles,  or  leuko- 
eytex ;  and  the  hlnod-plaqueg,  or  hainiioblaifiii.  The  fluid  element 
of  the  blood,  the  liquor  nciiiffititiln,  or  jitanma,  is  an  albuminous  and 
saline  liquid  of  a  slightly  varj'ing  coinjxisition.  The  blood  as  » 
whole  is  red  in  color,  rather  viscid,  and  alkaline  in  i-eaction.  The 
total  quantity  is  about  one-tliirtecnih  of  the  body-weight. 

The  erythrocytes,  or  red  corpuscles,  are  biconcave  disks 
averaging  7  ft  in  diameter  and  iiaving  a  yellowish  or  amber  color. 
They  arc  quite  uniform  in  size  and  regularly  rounded.  His' 
logically  they  are  comjwised  essentially  of  an  alltuminous  substance 
ci>ntiiiniiig  licnioglobin  embedded  in  a  deiicate  stroma.  The  hennj- 
globin  is  ihe  important  element,  an<l  c<iustitutes  about  1'5  |ier  cent, 
hy  weight  of  the  ertrpuscles.  In  early  fetal  life  most  of  the  red 
corpuscles  are  mu^leated,  l)ut  the  nucleated  forms  later  deci'case  in 
number  and  are  comparatively  scanty  at  the  time  of  birth 
Within  the  first  few  months  of  post-fetal  life  all  of  them  ilis- 
appear,  and  in  subsequent  years  iniclcated  corjinscles  are  presen' 
only  in  cases  of  disease. 

There  are  about  o,OUO,000  eorpu.scles  in  the  cubic  millimeter 
of  the  Mood  of  normal  individuals.  The  figures  var>-  slightly  at 
different  times  in  the  same  individual,  and  many  influences  con- 
tribute to  the  ]»roductioii  of  more  lasting  changes  in  nun>ber  (f 
page  347).  The  volume  of  the  red  corpuscles  in  the  bliKxl  is 
dependent  ujktu  tlie  number  of  corpuscles  and  ujmjh  their  size. 
Observers  have  ivaehed  varying  results  in  studying  the  volume, 
but  it  may  lie  placed  at  l)etween  40  and  50  jwr  cent,  of  the  total 
bulk  of  the  bltHxl. 

The  leukocytes,  or  white   corpuscles,  are    rounded 
)resentine  a  more  or  less  irrauular  ani)earance 
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the  fresh  state.  They  vary  in  size  from  the  diameter  of  the  red 
corpuscles  to  several  time?'  tlie  size  of  the  latter.  The  leiikoeytea 
arc  identical  with  the  Ivnijili-forpuscles.  Tlieysire  of  .several  more 
or  less  distinct  varieties  ;  tiie  elasi^ifieatioii,  however,  is  exeeeilingly 
ditiicult,  as  transitiomil  forms  are  abiuulant.  The  classitieation 
most  frequently  aciopted  is  that  of  Elirlieh  and  of  his  pupils,  and 
while  it  is  not  entirely  satisiaetory,  it  has  one  advantage  over 
others,  viz.,  that  of  siniplieity.     Ehrlich  distinguishes  (.Fig.  141) : 


Fics.  1*1.— VBrlniu  forms  »f  liloixl-rorpiiscles ;  a.  lyiiiphiiryte  :  ft.  l>'inpIii>C]rte  »pproarh- 
HDsr;  e,  Uree  raononndt'ar :  d,  Iransltioual ;  f.  polymorpliDTiuck-ar  tii>ii(ri>|ihlle:  /,  p^ily- 
'  liirirphonuc^r  ui«ini>phlle;  p,  broken  eo«lnophilu:  A,  tifutrophlUe  mytliHyto;  i,  euaino- 
philous  myeliKTte ;  j,  buuphlte,  iniut.fivU:  k,  red  corpuxclei;  I,  nucleatud  red  corpuscles. 


^■eor 


1.  Small  mononuclear  leukocytes,  or  lymphocjrtes.  The.<e  are 
jgnialler,  about  the  same  size  as,  or  sliglitly  larger  tlian  the  red 
jrpuaclcs;  are  spherical,  and  contain  a  relatively  large  nucleus,. 
'the  protoplasm  often  forming  a  scarcely  visilile  liand  around  the 
nucleus.  The  latter  is  rich  iu  citroniatin  and  stains  deeply.  Sonic- 
tinjes  cells  eousideraidy  larger  than  the  ty]>icul  lyiiiplnwyte  nuiv 
ffscmble  them  in  otiier  n-spects,  and  it  may  he  diflictilt  to  deter- 
mine whether  these  are  lynipho<n-tes  or  large  mononiielcar  cells 
(F'ig.  141,  ft).  The  protopla.sm  of  lymphncytes  nnniially  con- 
tains no  granular  matter  when  staineil  hy  the  ordinary  methmls. 
Det'p  staining  with  mctliyleue-hluc  witli  the  aid  of  freat  <loes.  how- 
ever, fre(juently  lead  to  tiie  detection  of  a  slightly  granular  cliar- 
^bicter  iu  the  protoplasm.  The  lymphocytes  constitute  20  to  25  per 
^Bpent.  of  the  normal  leukocytes. 

^V      2.  Large  mononaclear  leukocytes.     These  forms  are  larger  than 

^nhc  lymphocytes,  being  frotu   two  to  three  times  the  diameter  of 

^^Kthe  red  cells.     They  are  often  oval   in  outline,  and  the  nucleus  is 

jioorer  in  chromatin  than  tliat  of  the  lymphocyte,  so  that  it  apjwars 

comjwratively    pale    in    tlie    stained    blood.     The    protoplasm    is 

Bually  free  of  granules,  but  it  may  show  fine  and  very  pale  gran- 
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iiles  wlicn  stained  witli  intense  basic  stains  like  methylene-blue. 
Tliis  granular  condition  is  probably  due  to  staining  of  the  reticulum 
of  tlie  protoplasm. 

3.  Transitional  leukocytes.  The.se  are  similar  to  the  last,  but 
tlifter  ill  tliiit  the  nucleus  is  often  a  little  indented.  It  is*  verj- 
often  iui|>o.ssible  to  determine  sjUisfartorily  whether  a  certain  cell 
is  a  large  inononuelear  or  a  transitional  form,  and  the  two  may  In- 
considered  as  practically  the  .same.  The  prf)toplasm,  as  a  rale, 
contains  no  gnmnles,  but  nentrupiiilic  granules  (sec  page  315) 
have  occasionally  been  detectwi.  The  large  mononuclear  anil 
transitional  forms  together  make  up  4  to  8  |)er  cent,  of  the  normal 
leukocytes. 

4.  PolymoTphonuclear  leukocytes ;  polynuclear  leukocytes ;  nen- 
trophiles.     Tlie.se  arc  the  most  numerous  forms.     They  are  some- 
what smaller  than  the  large  mononuclear  element.*,  and  are  dis- ( 
tinguislied  by  a  j)olynujr|(hoijs  nucleus  which  is  richer  in  chroma- 
tin than  that  of  the  large  nuuionuclear  form,  though  jierhaps  less 
rich  than  that  td"  the  lymphocyte.     Tlie  nuclei  are  elongated,  and  ' 
variously  curved  <ir  distorted  so  as  to  resemble  the  letters  S,  U, 
V,  Z,  etc.,  and  in  some  cases  they  art^  wreath-shaped.     Frequently 
parts  of  the  nucleus  arc  so  thin  that  they  arc  scarcely  visible,  or 
actuallv  become  broken,  and  the  term  polynuclear  was  therefore 
applied.     This  name  is,  however,  less  ap|>ropria(e  than  the  term  ] 
polymorphonuclear.     The  amount  of  chromatin   in    the   nucleus' 
varies  greatly,  and  the  size   of  the  nucleus  is  corrcspondinglv 
variable.     The  protoplasm   usually  contains  line  granules,  which 
are  closely  set  and  almost  c(m)pletely  fill  the  cell.     These  granules 
have  a  strong  altinity  for  neutral  mixtures  of  anilin  or  other  stains, , 
and  have  therefore  been  calknl  the  neutrophilic  granules  (see  page] 
333).     The  polymorphonuclear  neutro[)hiIes  constitute  60  to  7{ 
per  cent,  of  the  iu>rniat  leukocytes. 

A  small  jmiportton  of  the  polymorphonuclear  leukocytes  of  the 
blooil  contain  eosinophile  granules.  These  cells  are  usually  larger 
than  the  n<'iitro]ihiltc  forms,  and  the  nucleus  is  more  nearly  like 
that  of  the  typical  transitional  leukucytc. 

•5.  Myelocjrtes.  These  arc  large  cells  identical  with  the  large 
granular  cells  of  the  bone-marrow.  They  are  often  three  or 
four  times  the  size  of  the  re<l  corjuiscles,  and  are  distinguished 
by  a  large,  pale,  oval  nucleus.  The  pnvtoplasm  usually  con- 
tains neutrophilic  gninules,  but  (Krasionally  contains  eosino- 
phile grannies.  The  nucleus  is  frequently  somewhat  irregularly 
outlined  and  not  nii'ely  suflers  degenerative  change.  Smaller  cells, 
resembling  the  typical  myelttcyte  in  the  character  of  the  nucleus^^ 
and  protoplasm,  are  sometimes  observed,  and  are  difficult  to  clas-^f 
sify.  Myelocytes  occur  in  exceedingly  small  iiumlx'rs,  if  at  all, 
in  normal  blood.  They  are  abundant  in  certain  forms  of  leukemia, 
and  also  occur  in  pernicious  anemia  and  various  infectious  and 
systemic  di.seas€S. 
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;  of  leukocytes  arc  distiiigiiisbpd  by  t!i 


I 


The  following  varieti 
granulations,  rather  than  t>y  tlieir  groas  morplioio^y.  J  liey  wjll 
Be  again  referred  to  under  the  discussion  of  gnuuilatinns,  liiit  have 
such  distinctive  characters  that  they  are  enumerated  here  just  as 
they  are  usually  included  in  differential  counts. 

6.  Eosinophiles.  These  are  slightly  larger  tlian  tlie  polymor- 
phonuclear neiitrophiles,  tlieir  nuclei  are  polymorphous,  though 
not  so  much  divided  and  not  so  basic  in  staining  affinity  as  the 
nuclei  of  the  neutrophite.  The  protoplasm  cuntaius  large  granules 
which  stiiin  intensely  witli  aeiti  stains.  They  constitute  I  ti>  4  per 
cent,  of  the  leukocytes  of  the  normal  blofid. 

7.  Basophiles.  These  are  j>olyin()r])houuelear  cells  the  nucleus 
of  which  stains  deeply  with  basic  stains.  The  jirniojilasni  eon- 
tains  irregular  sized  granules  of  intense  basic  atfinity.  About 
0.5  {ler  cent,  of  the  leukocytes  of  the  nornml  lilooil  are  of  this 

ype. 

ft.  Granules.  The  granules  of  the  leukocytes  are  classified 
acroTthng  to  their  behavior  with  the  anilin  stains.  We  may 
distinguish  four  iniportant  tvpos  of  granules  {Figs.  141  and 
142) : 

1.  a-grantiles,  eosinopMle  granules,  or  oxypMe  granules.  These 
are  coarse  granules  giving  the  appearance  in  the  unstained  blood 
of  minute  fat-droplets  ;  they  are  bighl}'  refractive,  and  have  been 
shown  to  be  comjHise<l  of  albuminous  material.  Tiiey  an'  dis- 
tinguishe<l  by  their  strong  allinity  for  acid  stains,'  and  in  particular 
for  eosin.  This  circumstance  has  given  rise  to  the  name  eosino- 
philo  ami  o.vyphile  (b^ig.  148). 

The  eosinophile  gninules  in  the  normal  blood  wcur  only  in 
polymorphonuclear  leukfx^ytes. 

2.  y-granules  ;  mast-cell  granules.  These  are  intensely  tiaso- 
philic,  coarse  granules,  occurring  in  mononuclear  cells,  The  mast- 
cell  is  identical  with  Waldeyer's  plasu>a-cell  of  the  tissues.     It  is 

r&sent  in  sntall  proportions  in  the  normal  blood  (Fig.  142). 

3.  ^-granules  are  fine  liaso|)liilip  gninules  occurring  in  the 
Ivmphocytcs  or  large  mononuclear  cells  (Fig.  142). 

4.  £-granales ;  neutrophilic  grannies.  These  are  the  most  abun- 
ant  and  the  most  important  of  all  the  forms.  They  occur  as 
ne  granulatioiLS  filling  up  the  protoplasm  of  the   fwlymorphous 


'  The  term  acid  «t.Tin  is  here  used  in  a  senst-  somewhnt  different  fmm  th.it  of 
the  cheiiiUt.  A  stain  in  tvliich  the  aciilulous  jjarl  of  the  iv)inp«und  carries  the 
cnlorinif-principic  is  known  ns  nn  acid  stain,  while  one  in  which  tlie  basic  cle- 
ment is  the  staininK-principle  is  calleif  biisit'.  For  example:  picrate  of  am- 
monium is  an  acid  Ktain  beciuise  the  picric  acid  is  the  staining-element.  Mixt- 
ures of  certain  arid  with  basic  stains  may  he  prepared  so  that  tissue-elomcnls 
haring  ■  strong  arid  affinity  will  st?licl  the  acid  stuin,  ihnse  liaving  a  basic  affinity 
'  e  buic  stain,  while  other  elements  without  such  special  adiniiy  receive  a  mixed 
neutral  stain.  It  is  probably  more  correct  to  regard  the  neutrophile-mixtures 
ly  oiyphile. 
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cells,  and  they  are  .x-casionally  present  in  transitional  leukitcytc-. 
Tliey  are  distiuguit-hed  iiy  their  affinity  for  the  neutral  mixturi-> 
of  Elirlieh  (Fifj.  14«).  It  must  be  recoguize<l,  iiowever,  that  tliese 
grannies  are  in  reality  faintly  oxyphilic,  receiving  the  acid  stains, 
such  as  eosin  or  acid  fuchsin,  more  readily  than  basic  stains.  In 
a  lew  instances  I  have  found  them  distinctly  basophilic. 

The  naturf  of  the  r/rtntiili-x  of  the  l)loo<l  is  still  obscure.  Thev 
are  luuluiibtediv  ennneeteil  in  some  way  with  the  specitict  function 
of  the  leukocytes,  but  whether  they  are  specific  cellular  secretions 
(Ehrlich)  or  essential  anatomical  structures  (Altmann)  is  unknown. 


9 


Fig.  H'.'.— Leukocytes. ^howlnijvKrlryu*  frirms  of  Krnnulatlonii ;  a,  Nci-'     '    '  - 
poriniit;U'Rr  granules;  /;,  larne  mdiioiiuelear  cells  with  d-gmnulcs  ;  r,  ri'." 
it.  biuophtllc  I>*in|>lioevt4»,  A-KTHtiuleK;   the  »taiii  in  b,  r,  and  d  vtaa  a  mi\:  . 
hematuxylin.  titu  cuvur-glius  twiiig  kept  in  the  stHin  several  hoara  at  3a-'  c  ''-•^■<i    t  i. 

The  chemical  composition  of  the  leukocytes  is  of  considerable 

iniportanee,  liut  is  ditbcnlt  to  determine  from  the  imjiossibility  of 
ol)tainint;  large  niitnlx'rs  free  from  otlier  elements.  It  is  known, 
however,  that  these  cells  contain  aumng  tttlier  bfidies  leukonuclein,, 
histon,  Iceitliin,  ami  chole.stirin.  Tliey  also  contain  more  or  lesa 
abundantly  glycogen  and  lilts;  and  saline  constituent.s  ineliulinif! 
potassinm  salts  in  particular.  The  leukonuclein  i.s  a  combitiatioa 
of  the  ph(>s]>horu!*-contaitiing  niicleinic  aci<l  anti  an  albumin.  It 
is  |n\'.«<:>nf  in  the  nuclei  of  uuch'ated  red  corpu.sele.s  and  in  ntlier 
nuclei,  but  e.-])efially  in  tlmse  e>f  the  leukocytes.  It  is  more  or 
less  intimately  combined  with  histon,  a  biKly  resembling  the  albu- 
moses. 

The  number  of  leukocytes  in  the  normal  blocnl  varies  consi  ' 
ably.     Tlu!  average  nutnber,  however,  is  prf>bal>ly  between  ( 
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ami  10,000.  Alterations  in  tlio  number  umler  various  circuni- 
stauoes  will  be  iliscussed  below. 

Proportions  of  the  Different  Forms. — Ttie  relative  projwrtions 
('•differential  count ")  of  tiiu  ilitt'ereiit  Icukocvtes  are  <letiTiiiimHl 
by  cuiiniing  large  numbers  and  (•ulcidatirig  tlie  jMTi'eiitiiire  prujuir- 
tion  of  each  form.  Appro.xiinatcly  tliere  are  2<)  to  30  per  cent. 
lymphocytes,  60  to  70  per  ceul.  polynior])hnnueiear  furrus  (neii- 
teopnilcs  and  eosinophiles),  4  to  8  per  cent,  transitional  and  large 
mononuclear.  About  1  to  3  per  eent.  uf  all  the  leukocytes  con- 
tain cosinopliile  granules,  and  occasionally  a  larger  [inijiortioii  is 
met  with  in  normal  blood.  About  O.o  jkt  cent,  of  tlie  uorntal 
leukocytes  are  basophilic. 

Blood-plaqties. — These  arf  small  disks  .sonicwiiat  resem- 
bliug  the  red  corpuscles,  though  smaller  and  without  the  charac- 
teristic biconcavity  of  the  latter.  They  rarely  exeeetl  3  ft  in 
diameter,  and  are  often  much  less.  They  are  viscid,  ami  tend  to 
adhere  to  the  other  corjiusclesor  to  become  agglutinated  in  clusters. 
The  total   niunber  has  been  estiniated  at  from  1  50,000  to  .!i(H),(H»0 

Er  cubic  inillinieter.  The  term  hematoblast  was  applied  liy 
ayem  in  the  belief  that  the  jvlatpies  are  the  [imgenitors  of  the 
red  corpuscles.  Recent  investigiitions  make  it  seem  probable  that 
the  plaques  are  formed  by  fragmeiitatidiis  uf  the  red  corpuscles. 

The  plasma  of  the  blood  is  an  alijumiinMis  liquid  containing 
serum-albumin  and  serum-globulin  and  various  saline  compounds. 
The  relative  proportion  of  stTum-globulin  to  sernm-alhumiu  is  as 
1  to  1  or  IJ^.  Of  the  saline  constituents  sodium  salts  are  most 
inijiortant,  the  phosphates,  carbonates,  sulphates,  and  cldorids 
being  most  abundant.  Various  other  nitnigcnous  and  non-nitro- 
geuous  .substances  are  present  in  small  proj)ortions.  Reference 
will  be  made  to  some  of  these  below. 


■  BLOOD-FORMATiON. 

The  proce.s.s  of  bloo<l-f(>riuati<)u  is  still  obscure  in  some  jKirticu- 
lars.  In  early  fetal  lifi;  blo(Ml-corpusf.-tes  are  undoubtwlly  i'onned 
in  the  mesoblastic  columns  in  which  the  bloml-vessels  are  devel- 
oped. At  a  later  stage  the  liver  is  active  iu  their  production. 
Subsequently  the  spleen  and  the  bone-marrow  seem  to  assiuiie  the 
principtil  /•(?/«-.  /Veconling  to  Neumauu  and  I>i/.Kozero,  the  red 
corpuscles  are  devehiiKnl  fnun  nucleateil  heiiioglobin-containing 
cells  of  the  bone-marrow,  which  lose  their  nuclei  by  a  process  of 
gnulual  disintegration.  Otlurs  have  held  that  the  nuclei  are  e.x- 
tnide<l  from  the  nucleate*!  creli.  According  to  these  vicw.s,  all  of 
the  retl  corpuscles  are  derived  from  iiuclc:itcd  red  cells,  or  cnjUt- 
ro/}f<i9tg.  Other  observers,  however,  hold  that  the  reil  corjiuscles 
and  leukocrtes  originate  frotn  a  common  parent-cell  free  from 
lemoglobin.     This  jjarent-cell  gives  rise  to  two  .series  of  descend- 
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ants,  one  series  containing  hemoglobin  and  leading  to  the  fonuatinn 
of  red  corpuscles,  wliile  tfie  otlier  series  is  free  from  jHgment  an<l 
forms  the  leukocytes.  Tlic  jirincipal  jjluce  of  formation  of  the 
red  corpuscles  during  adult  lite  seems  to  Ik-  the  hone-marrow,  but 
tlie  spleen  and  the  lym|>!iati(:  tis>iies  probably  also  play  a  part, 
Freneh  writers,  following  Hayein,  hold  that  tlie  progenitor  of  the 
red  eor|)iiscle  is  the  blooil-])la(jue.  This  view,  however,  is  not , 
sustained  In'  suHicieiit  evidence. 

Tlie  leukocytes  un<h)ulite<lly  originate  in  the  lymj)iioid  collec- 
tions of  the  bone-marrow,  the  lymph-glands,  and  spleen.     Acconl-| 
iug  to  some  authorities,  they  all  originate  in  one  mother-cell,  the 
diil'erent   tvpes   being  derived    one    from   the   other.      This  view, 
however,  is  combated  hv  many  invcstigiUors  who  claim  to  have  i 
]irf)ved   the   separate   origin   of  the  different   types  from  distinct  i 
parent  cells.     The  latter  position  is  gaining  ground,  but  still  lacks  J 
proof. 

PATHOLOaiC  CHANGES  IN  THE  RED  CORPUSCLES. 

The  size  of  the  red  corpuscles  varies  in  diseases  of  different      i 
kinds.     The  terui  itniKr,c//liniift  has  been  suggested  for  this  irregu-^| 
larity.     There  may  he  dwarf  corpuscles,  2  to  4  or  5  /t  in  iliameler™ 
(microcj/tea)  ;  or,  on  the  other  hand,  giant-cells  {metfaloe-t/tes),  from 
9  to  15  /i  or  even  20  /i  in  diameter.     The  small  forms  frequently 
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Flo.  143.— Blood  from  a  case  of  pernlcloiu  aneiuU:  o,  nn.'galocyteg;  b,  microcjrte*  ;  c  pot . 
kllocy tcs ;  d,  oucleated  erythrocyte* ;  (,  nonnal  erythrocyte* ;  /,  leukocyte*.  J 

have  a  spherical  shape  rather  than  the  disk-like  form  of  tlte  nor- 
mal corpu.scle,  and  may  be  deeply  pigmented.  The  large  corpus- 
cles are  often  irregtilar  in  shaj»e,  and  are  prone  to  be  paler  and 
more  basic  than  normal  corpuscles,  and  usually  appear  without 
the  concavity  of  the  normal  cell  fFig.  143).  Some  observers  have 
found  that  the  average  size  of  the  red  corpuscle  is  greater  in  certain 
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diseases  than  in  health.  This  is  probably  the  result  of  InJropic 
conditions. 

The  shape  of  the  corpuscles  often  suffers  great  change,  and 
many  forni>  of  irregularity  ni;iy  he  oljserved.  Tlie  term  /loikiloci/- 
iogia  is  applied  to  this  condition  (Fig.  14;^).  Some  of  the  poikilo- 
cytes  niay  be  cxceodirigly  finuili  and  may  pri'sunt  active  movoiueuts. 
These  have  Iwen  ternieil  paendolmeilli  by  Hayirn.  Tlieso  cliauges 
of  form  in  red  coqtiisclcs  are  regarded  by  many  authorities  to  be 
the  result  of  degenerative  changes  in  the  |)n>toj)lasm  vvitli  conse- 
quent amebf)id  niovcniciil  vvliich  occasions  irregular  ]»rojeetions. 
The  small  forms  are  doubtless  in  many  eases  the  result  of  frag- 
mentation. Ehrlieh  used  the  term  sehistoc_\'te  to  indicate  this  fact. 
■  Dust-corpuscles. — Midler  recently  described  certain  small 
•Vpherical  ]jo<lies  somewhat  resembling  the  leukocytic  gninutes,  but 
lying  free  in  the  plasma  and  often  actively  motile.  These  lie 
terme<l  fiemokonice,  or  dust-eoqmseles.  They  weur  in  normal  blmxl 
as  well  as  in  that  of  various  diseases.  A  number  of  theories  have 
been  offere<l  regarding  the  nature  nf  tln'se  bodies.  My  own  belief 
is  that  they  are  fragments  of  reil  corpu.selcs,  similar  to  those  that 
may  be  produce<l  by  heating  fresh  blood  under  a  cover-glass  to 
destructive  lem|HTatures.  Under  these  <'ircum.stauees  small,  bud- 
like proces.ses  are  forme<l  ou  tlie  periphery  of  the  red  ei»r]iuseles, 
and  '^>me  of  tlK"-e  mav  bri'itk  ntf  and  (Inat  (ree  in  the  plasma. 

Visible  ameboid  movements  may  sometimes  be  iibserved 
umler  the  microscojw,  especially  in  severe  anemias,  such  as  per- 
nicious anemia. 

Nucleated  red  corpuscles,  or  erythroblasts,  occur  in  the 
severe  anemias  as  in  the  fetal  blood.  They  are  more  frequent  in 
the  severest  cases,  and  in  ])artienlar  in  the  anemias  of  cliihlren, 
Some  are  excee<lingly  small  (mirro//ki!<l.<i),  .some  about  the  size  of 
the  normal  red  corpuscle  {iiormodliiifl.'i),  and  s)>nif  large  and  irregu- 
lar (mcc/afot/fra/*).  The  smaller  forms  appear  first  and  in  the  moi« 
moderate  anemias;  occasionally  they  occur  in  great  numbers  or 
crops  from  time  to  time  (/j/(/w/-criV.-i).  Degenerations  of  nucleated 
re<l  corpuscles  may  occur,  and  very  lVi'i(iiently  are  seen  in  the 
circulating  erythmblast.  The  usual  forjus  are  karyolysis — solu- 
tion of  the  chromatin  ;  karyorrhexis — fragmentation  of  t!u'  nucleus  ; 
and  pyknosis — elumping  or  eoudeiisatiou  of  tiie  nuclear  structure. 
Granular  degeueraticm,  vacuolatiou,  and  nuclear  atrophy  also  occur. 

Karyokinetic  figures  an,'  occasionally  .«een  in  the  nuclei 
of  erythriiblasts,  in  pernicious  anemia,  in  leukemia,  in  botlirio- 
cephalus  anemia,  and  in  certain  anemias  of  children. 

Shadow  corpuscles  arc  red  cor])u.scles  that  have  lost  their 
color  almost  completely  and  are  scarcely  visible.  They  may  be 
abscrved  in  severe  anemias,  and  especially  in  cases  of  intoxication 
rith  blo<xl-poisons. 

Polychromatophilia. — The  normal  red  coqiuscle  ha.s  a  spe- 
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cial  affinity  for  acid  stains.  In  dispaseJ  coiitlitions  it  may  develop 
iiti  affinity  for  basic  stains,  and  wlien  wilorwl  witli  mixtures  iif  acid 
and  liasie  stains  may  present  tints  cumliining  all  the  stains  employed. 
Tdiis  in  stainiuj;  willi  oisin  and  Ufinatoxylin  tin;  (lepenemte<l  cor- 
pnselfs  may  present  a  ]mrplisli  or  violet  eolor,  instead  of  a  pink. 

Vacuoiation  and  pigmentation  of  the  red  corpuscles  art- 
rare  forms  of  degeneration.  The  |)igineiitation  is  due  to  seinira- 
tion  of  tlie  hemoglobin  in  the  form  of  irregular  granules. 

Basic  degeneration  is  a  form  of  degeneration  in  which 
minute  or  rather  coarse  grannies  that  stain  with  certain  basic  staia* 
are  IoiukI  in  tlie  stilisfatiee  of  the  red  corpuscles.  The  nund»er  i)f 
gr.undes  in  the  cell  may  he  small  or  lai^e  ;  the  cell  may  be  other- 
wise little  altered  ;  it  may  be  polychromatophilic.  The  con- 
dition has  been  tourid  in  various  diseases,  such  as  leukemia, 
pernicious  anemia,  and  malaria,  but  is  most  frequent  iu  lead- 
poisoning. 

Alterations  of  Isotonicity. — All  forms  of  i-ells  have  cer- 
tain osmotic  relations,  in  eonse<jnenee  of  wiiich  they  retain  their 
constituent  elements  in  tlie  presence  of  surrouniliug  liquids  of 
certain  kinds.  If  the  osmotic  relations  vary  or  the  surnjundiug 
liquids  are  altered,  the  constituents  of  the  cell  may  be  extruded. 
In  the  case  of  blo<Kl-eorpu.scles  distilled  water  rapitlly  abstracts 
the  hemoglobin  and  other  substances,  but  saline  solutions  of  cer- 
tain strengths  do  not  so  attect  the  cor|)Usek'.  The  exact  strength 
of  a  certain  saline  solution  may  be  determined  which  will  preser\'e 
the  corpuscle,  and  this  is  known  as  the  isotonic  strength  of  the 
eoqiuscie  expressed  in  jK'rcentage-tcrms  of  the  saline  used.  De- 
generated corpuscles  more  readily  yield  their  constituents,  and  the 
isotonic  sfiline  solution  is  therefore  of  higher  percentage.  In 
normal  blood  the  isotonicity  of  the  red  cor]iusclc  is  generally  0.46 
to  0.4.H  per  cent.  Nad  ;  that  is,  solutions  of  common  salt  of  this' 
strength  do  not  affect  the  red  corpuscles.  In  anemic  diseases  the 
isotonic  solutions  may  be  from  0.5  to  0.6  per  cent. 


PATHOLOQIC  CHANGES  IN  THE  LEUKOCYTES. 

Very  frequently  degenerations  of  the  nuclei  of  the  leukocytes 
are  observed  in  the  form  of  fragmentations  or  karj'olytic  change. 
Attention  has  recently  been  called  (Neusser)  to  the  presence  of 
basophilic  grannies  about  the  nucleus  in  certain  forms  of  disease, 
such  as  leukemia,  gout,  and  lithemia  in  its  widest  souse.  These 
granules  are  supposed  to  be  signitieant  of  disintegration  of  the 
nuclei  in  the  process  of  uric-aei<l  formation.  Tlieir  nature  and 
signifieanee,  however,  are  unsettled.  Occasionally  vacuolization 
and  fatty  ilegeneration  of  leukocytes  are  observed,  and  sometimes, 
as  in  infectious  fevers  and  in  suppuration,  glycogen  may  be  found 
in  abnormal  quantities.     In  cover-glass  prejKirations  the  Icuko* 
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cytes  are  sometimes  found  hroken  or  fragnitnted,  or  fenestrated, 
hasket-like,  palc-staiuirig  forms  aiv  wen.  The  latttT  doubtless 
O'ciir  to  some  extent  in  tlve  cireiiliiting  l)lood  and  an-  fn'quently 
S|)oken  of  as  "  leiikocvtie  sluulows." 

JiMlophi/ift. — Tliis  term  is  ajijiiied  to  a  condition  of  the  Idood 
in  whieh  there  nre  fomid  in  tlic  leukocytes  or  the  plasma  granules 
that  stain  witli  iodin  like  glyeogen.  The  term  "glyeogenie  n'ac- 
tion "  was  formerly  a})plied,  though  reeently  some  (luetitinu  has 
arisen  as  to  the  glyeogenie  nature  of  the  granules  in  question. 
The  leukoeN'tes  involvitl  in  this  form  rif  gr.inulation  are  ehicfly 
the  p<dymorf)honuel(ar.  Basophilic  letikiirytes  may  he  aHeetwi, 
hut  never  the  eosinopliilvs.  The  intracellular  material  is  found 
in  tiie  form  of  small  granules  of  regidar  shape  and  size,  which 
stain  a  yellowish-red  or  hrown  cohir  with  iwlin.  Less  commonly 
thi'  leukocytes  may  he  dittuscly  s(aiiie<l,  the  granules  being  wanting 
or  so  small  as  to  be  indistiuguisliahle  as  granules.  The  extra- 
corpuscular  granules  are  found  in  more  advanced  cases.  They 
resemble  the  intnieorpuscular  granules  in  appearance. 

The  significance  of  iodopbilia  has  not  been  ])ositivcly  deter- 
mine<l.  The  condition  is  found  in  assiK'iation  with  leukocytosis 
or  less  conmionly  in  the  absence  of  leukcH/ytosis,  but  it  bears  no 
nuantitative  relation  to  tlie  degree  of  leukocytosis.  It  has  been 
tfiund  in  various  forms  of  to.xemia,  in  grave  anemias  due  to  loss 
of  blood  or  to  other  cau.ses,  in  fevers,  and  iu  various  other  con- 
ditioD.s. 

The  IdiMxl-film,  without  previous  fixation,  is  stained  with  iodin 
and  iodid  of  potash  in  a  gum-arabie  solution. 


PATHOLOGIC  CMANQES   IN  THE   PLASMA. 


I   Various  disonlers  of  the  plasma  have  lieen  studied.     These  are 
ainly  of  a  chemical  sort,  and  consist  of  the  jiresencc  of  abiiornial 
substances  or  oi'  iiornia!  constituents  in  excessive  quantity.     Urea 
is  present  in  large  tpiantilics  in  some  cases  of  neplirilis  and  uremia, 
anil  older  authorities  believed  the  syni|)loms  of  uremia  due  to  tlie 
presence  of  this  substajue.     This  view  i.s  no  Ittugtr  held.     Uric 
acid  occurs  in  small  i|uautities  in  health  ;  but  in  large  quantities 
in  some  cases  of  gout,  leukemia,  in  simie  fornis  of  leidifK'vtosis,  and 
other  disonlers  of  the  blood.     The   .xauthiu   bases  may  be  ]>reseiit 
in  ci>n<iderable  <juantities  in  the  sauu:  cases.     Glycogen  or  graj)e- 
^^ugJir  is  foimd  in  excessive  <iUitntilies  iu  diabetes  and,  according  to 
^Bonie  observations,  in  cases  of  ejireinoma.     Levulose  a'iid   otiier 
^^arlwhyd rates  are  rare  constitU(iits  of  the  plasma.      Fatty  acids 
may  V>e  pn-.sent  in  leukemia,  tliabetes,  acute  yellow  atrophy  of  the 
liver,  and   some  other  diseases.     Tlie  quantity  of  sotlium   iu  the 
[>lasma  increases  in  anemic  iliseases. 

Certain  changes  <Kcur  in  the  plasma  or  serum   iu  anemic  di»- 
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eases,  as  a  result  of  which  the  globulicidal  character  is  increased. 
The  nature  of  tltese  chanfjes  is  obscure.  The  presence  of  toxic 
substances  the  result  of  bacterial  action  is  referred  to  iu  the  dis- 
cussion of  bacteria. 

JJi/jtertonicili^  of  the  serum  is  a  t*rm  indicating  that  the  saliiiit}'  of 
tlie  plasma  or  serum  is  such  that  the  blood  may  be  somewhat  dilutal 
without  tlostruclion  of  ttie  corpuscles.  By  graduated  dilutions  the 
degree  of  hypcrtonicity  may  be  estimated,  and  is  foiin«l  loss  in  cer- 
tain  disea.ses  than  iu  health  (see  Isotonicitv  of  the  Red  Corpuscles). 

Hypennosin  and  lii/pinoKia  are  terms  designating  increase<l  and 
decrea.sed  capability  ibr  (ibrin-formation.  The  former  is  met  witli 
at  times  in  chlorosis,  leukemia,  or  otiier  anemic  affections,  and  in 
certain  infectious  diseases.  The  latter  is  notably  present  in  leu- 
kemia, pernicious  anemia,  and  some  cases  of  hemolysis.  There 
has  b('<'ii  much  theorizing  in  reganl  to  tiiese  conditions,  but  very 
little  knowledge  of  practical  importance  has  been  acquireil. 


PLETHORA. 

Plethora  is  tlic  nnmc  apjiHicI  l)v  tiie  older  writers  toa  condition 
in  which  the  total  tjiiautity  nf  MchmI  was  supposed  to  be  excei-sive. 
It  is  now  recognized  (hat  ph'thora  is  nmch  less  frequent  and  per- 
manent than  was  formerly  believed.  Several  varieties  Mere  de- 
scrilwtl.  I 

Plethora  vera  was  the  name  given  to  the  condition  in  which 
the  (juantity  of  the  blood  was  supposed  to  lie  increasefl  without 
change  in  its  (piality.  IVrsoris  siipjMwed  to  have  this  condition 
are  described  as  robust,  witii  hitih  color  and  vigorous  circulation. 
They  are  generally  individuals  living  in  luxury.  The  term  "  full- 
blooded  "  is  still  applied,  but  it  is  recognizetl  that  the  fulness  of 
the  superlicial  vessels  is  the  result  of  peculiarities  of  the  circulation 
rather  than  of  increase  in  the  quantity  of  bliMtd. 

Plethora  apocoptica  is  the  term  given  to  conditions  in 
which  there  is  Im-al   increase  iu  the  bUxKl. 

Plethora  hydremica  is  a  condition  in  which  the  total  quan- 
tity of  the  blood  is  increase<i  by  dilution.  This  was  regnrtled  as 
fretpieiit  in  cases  of  cachexia,  after  lieniorrhages,  etc.  ^H 

Ex|)erimental  evidence  might  be  referred  to  to  substantiate  the  H 
view  that   |)le{lioni   iu  the  strict  sense  docs  not  often  occur  as  a 
lasting  condition.     Tenij»oniry  jtlethora  is  produced  by  the  drink- 
ing of  large  qnantities  of  liquid,  but  the  excretor}-  organs  soon 
disjTOse  iff  this  excess,  ' 
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OLIOEMIA. 

Oligemia  is  a  terra  indicating  reduction  in  the  quantity  of  blood. 
'This  is  met  with  temporarily  after  hemorrhage,  but  very  soon 
serous  liquid  from  the  tissues  enters  the  hlnod-vessels  and  restores 
the  original  quantity.  At  the  time  of  the  lieuiorrtiage  the  quantity 
may  be  immediately  retlucetl  to  a  very  great  degree  without  caus- 
ing death.  Serious  cons«'qiiences  are  avertctl  i)y  the  activity  of 
the  vasomotor  system,  the  blocRl-vessels  aecommmlating  tliem- 
selves  by  contraction  to  the  reduced  quantity  of  blowl.  Subse- 
quentlv  when  liquid  of  tlie  tissues  is  absorbed  into  the  blrwd- 
vessols  the  latter  dilate  and  their  natural  volume  is  soon  restored. 
The  blood,  however,  becomes  hydremic,  or  watery.  Oligi-mia  or 
quantitative  anemia  may  possibly  occur  in  certain  cachecti*^  and 
anemic  diseases,  but  this  has  not  been  proved,  awl  the  relative 
projiortion  between  the  mass  of  blood  and  the  weight  of  the  body 
is  certainly  not  much  disturbed  in  any  case. 

^^^^  HYDREMIA  AND  ANHYDREMIA. 

H        Hydremia,  a  dihitetl  or  watery  ccHiditiou  of  the  blood,  may 
occur  from  excessive  consumption  of  water,  but  active  excretion 
of  liquid  soon  restores  the  blood  to  its  previous  condition.     Hemor- 
rhage leads  to  hydremia  in  the  manner  above  desttribed  ;  and  in 
the  chronic  anemias  therf>  is  |H)ssi[)lv  some  ddiition  of  the  serum. 
It  has  never  been  shown,  however,  in  any  of  the  many  experiments 
made  to  determine  this  point,  tliat  tlie  plasma  in  anemias  is  less 
^_  rich  in  solid  constituents  than  normal  plasma.     The  reduction  in 
^■eolid  matter  in  the  hloorl  as  a  whole  Is  due  to  the  diminution  in 
^Bthe  niunltcr  of  red  corpns<'lcs  and  changes  in  their  composition. 
^P       Anhydremia  is  a  i'lmdition  in  which  the  plasma  of  tlie  bh)od 
^  IS  thickened  by  the  loss  of  watery  elements.     This  may  occur  in 
I       consequence  of  excessive  swejtting  or  excessive  discharge  of  water 
^■from  the  bowels,  kidneys,  etc.     The  number  of  rcfl  corpuscles  in 
^'a  given  bulk  of  blootl  increases.     The  s|tecitic  gravity  and  the 
solid  residue  of  the  plasma  of  the  blood  as  a  whole  increase  corre' 
spondingly. 


I 


LIPEMIA. 


Lipemia  is  a  pathologic  condition  in  which  fat  occiurs  free  'm 
the  blo«xl-plasma.  P^t  is  always  present  as  a  normal  constituent 
of  blood,  and  is  in  slight  excess  <liiring  the  process  of  digestion. 
Lipemia  occurs  in  cases  of  chronic  nephritis,  <liabctes,  pulmonary 
tuberculosis,  alcoholism,  and  some  other  conditions,  and  may  reach 
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marked  pratK'S  of  severity.     The  l>li)0<l  may  have  a  inilUy  appear- 
ance to  the  naked  eye,  and  under  tlie  micruscope  higldy  refractive 


Fli!.  144— Blood  frnm  a  rase  of  llpemln,  stained  wilb  luiiiilc  acid;   u|i|«t  f 
cleared  with  ml  i>f  lurfn'iitlinv,  lower  Imlf  show*  the  fal-ilroplots  aud  k™ii 
wllh  osmlL-  acid  between  the  hlonil  rorpuseles ;  enlargement,  KM  dianieier; 
preKhl.  Veulai:/!  med    H'ocik., Sept.  27.  lt)94). 

droplets  or  }ininules  are  oliserved.     The  latter  stain  black  with 
osmic  acid  (Fig,  n4). 

MELANEMIA. 

Thi.s  condition  is  distinguished  l>y  the  oecnrrence  of  dark  pig-  j 
mentor  granular  matter  in  tiie  eireiilating  hlood.  It  occH^!^  in ' 
ca.«es  of  malaria  and  certain  other  fevers.  The  pigment  may  lie] 
free  in  the  plasma  in  the  form  of  yellowisti  or  hiaekisli  granules  ;J 
or  may  Ije  foiuid  as  small  particles  in  the  leukix-ytcs. 


HEMOCYTOLYSIS-HEMOOLOBINEMIA. 

Defiaition. — llemocytolysisis  the  term  applied  to  the  condi- 
tions ill  which  the  red  Mood-eorpiiscles  are  destroyed.  The  name 
Iwmitli/Kis  is  generally  einploycd  in  the  same  sense,  thoitgh  it  refers 
to  destriii'tiou  of  all  of  (he  elciiients  of  the  hlood.  In  this  condi- 
tion hemoglohiii  is  liherated  and  is  dis.stjlved  in  the  plasma.  To 
this  the  term  hemogloliineniia  is  ai>|)li<'al»le,  but  the  name  met-" 
beinoglobineniia  is  niuri'  appro()nate,  as  the  liemoglobin  i.s  usiiallyl 
])resent  in  the  serniii  in  this  altered  Ibrni. 

Etiology. — Hemolysis  constiintly  takes  j>lace  in  the  liver,  the 
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^lohuw-matter  of  the  hlorMl  being  cunverteil  into  Ijik'-pignients, 
Pathologic  hemolysis  results  from  the  action  nf  various  iiil'ectious 
and  t<jxio  agents.  It  occurs  in  the  eourse  of  severe  malaria,  re- 
lapsing fever,  pneumonia,  and  various  heniorriiagic  infections  ;  and 
is  occasioned  hy  many  poisons  (see  Bl<Mxl-]K(is4ins).  Excessive 
c«ld  may  be  a  contributing  cause,  as  seems  to  be  the  ease  in  some 
instances  of  paroxysmal  liemuglobinuria  (7.  v.). 

The  serum  of  one  aiitiiial  has  more  or  less  hemolytic  efteet 
when  injecte«l  into  another  animal,  lly  rep-ated  inji-ctioiis  the 
«erum  of  the  animal  under  ex|)eriment  may  ae(|iiire  hemolytic 
pmperties.  Antiheiiiolysins  have  also  been  produced  in  exjx'ri- 
mental  investigations  and  pruuiisi-  to  In-  of  pnn-tical  use,  as  in  the 
ca.se  of  certain  hemolytic  vi'uoius.  Tlie  explanation  of  heitroly.-^is 
elaborate*!  by  Elirlicli  anil  rcceutiv  contirmed  by  Flexner  and 
Nognchi  is  ri-ferred  to  in  the  section  on  Immunity. 

PatholO£:ic  Anatomy. — The  blixid  may  present  striking 
morphologic  changes  in  the  red  cor|)nscle.H,  snch  as  niicrxjcyto- 
sis,  megahx'j'tosis,  p<>ikiloeyto>i>,  fi-agmentatioii,  and  vacuolaiioii. 
Sliadow-corpuscles  may  be  abundant,  and  iji  the  later  ^tage^  of 
the  process  beginning  regeneiiition  of  the  blood  caii^c^  the  |>res- 
ence  of  nucleated  red  corpustde.i.  The  blond  as  a  whole  i>  often 
uite  dark  in  color. 

Associated  chanir<'s  ari'  frc(|ucntly  met  witli  in  the  liver,  kid- 
neys, and  skin.  Tln'  liipatir  cells  are  often  swollen  and  more  or 
less  <legenerated  and  bili>->taiiied,  ExccsNive  production  of  Inle 
(jiolycholia)  may  occur.  Tlii>  ovcr-pHMluction,  with  the  swelling 
of  the  hepatic  cells  and  the  <'Oii-.r(|ii('Mt  obslruction  of  the  biliary 
channels,  iK;ca^ion>  reab>orption  of  bile  and  couM'fjuent  jaumlice 
(.so-called  hematogenous  jaundice).  The  excess  of  hemoglobin, 
which  cannot  be  di>po>cd  of  by  the  liver,  may  lie  excreteil  in  the 
urine  (hemoglobinuria).  Smietimcs  heuioglobiu-iufarcts  are  met 
with  in  the  renal  tubules;  and  throudifisisof  the  renal orotlierblood- 
vo>iscls  is  occasionallv  observed,     .\cutc  ne|thrilis  is  a  rare  re.-ult. 

Pathologic  Physiologfy. — Hemocytolysis  leafls  to  mi»re  or 
less  pronoiniced  di>turbauce  of  tlie  internal  or  tissue  respiration, 
as  the  altered  lii'mo^lobin  is  inr'apable  of  carrying  itxygen.  Dysp- 
nea and  various  uitvous  symptoms  arc  the  result.  The  libr'rati<in 
of  cellular  constituents  (fnnii  tlcstruition  of  the  red  and  white 
corpuscles)  fwcasious  increased  cotiguiabilitv  of  the  Idood  and  the 
formation  of  thrombi  in  arterioles  and  capillaries  (ferment-intoxi- 
cation). Fever  and  other  genend  syniptom.s  may  be  due  to  the 
same  cau.se. 

POLYCYTHEMIA. 


Polycythemia,  orerythrwytosis,  the  condition  in  wliicli  the  num- 
ber of  red  corpuscles  in  a  given  bulk  of  bloo<l  is  increased,  mav  be 
vctnal  or  rc/ativc.     .\ctual  ptilyeytiiemia  is  that  in  which  there  is 
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over-priHltiction  of  nnl  (?orpii soles  ;  this  is  probably  rare.  Relative 
polyt-yllieiiiiu  i^  due  to  ileercase  in  tlie  qimntity  of  the  plasma.  It 
is  met  with  in  a  variety  of  cuiKlitions,  inoliiding  certain  carrliac 
diseases,  with  slow  failure  of  eoinpeiisation,  and  es{)eciallv  in  con- 
genital cyanosis;  in  residents  of  lii^rli  altitudes;  in  the  new-bora; 
and  in  cases  of  cholera  or  other  diseases  in  which  litjiiid  discharges 
cause  ins])issation  of  the  blood.  The  explanation  of  the  increased 
niiniher  of  eor])iiseles  in  some  of  these  eon<Jitions  has  (X-c-asioned 
coiisidenible  controversy.  S<jme  have  held  that  the  number  of 
corpuscles  (at  hijrh  altitudes,  for  exam]>le)  increases  actually  rather 
than  relatively,  lor  the  purpose  of  furnishing  a  greater  oxidizing 
surface,  lint  this  has  not  been  proved.  It  is  more  likely  that  the 
increasetl  number  of  corpuscles  is  caused  bv  changes  in  their  dis- 
tribution in  the  cirrulatiou.  In  evidence  of  this  it  maybe  pointed 
out  that  the  number  of  corpuscles  in  deju-ndent  ywrts,  such  as  the 
foot,  is  greater  than  normal.  In  cardiac  disease  and  in  j)ersons 
living  at  high  altitudes  it  is  not  improbable  that  similar  stagnation 
of  the  coqiuscles  iu  the  peri]>heral  tissues  takes  place. 


LEUKOCYTOSIS. 

The  term  leukocytosis  is  given  to  a  more  or  less  transient  in- 
crease in  tlu!  numlier  of  leukocytes,  tlic  jiolymorphonuclear  forms 
being  usually  in  excess.  Sfmietimes  leukixytosis  is  continuous  or 
chronic,  and  sometimes  the  excessive  iiur7d)er  of  lenkm-ytes  is  due 
to  increase  in  the  monoiniclear  elements  Piithcr  than  the  pcdymor- 
phonnclear.  The  terms  yiolymorphonuclcar  leukocytoses,  lym- 
plieniia,  and  cosiiiophilia  are  used  to  designate  increase  of  the 
jiolyniorphouuclear  leukocytes,  lymplxx-ytes,  and  eosinophiles  re- 
spectively. 

Etiology. — The  causes  of  leukocytosis  are  varie<l.  It  is 
generally  observed  as  a  normal  comlititm  in  the  new-bom.  the 
number  of  corpuscles  remaining  in  slight  excess  during  the  first 
year  of  life.  It  also  occurs  in  many  cases  of  pregnancy  ;  and  is 
quite  constant  during  the  perio<l  of  digestion  in  healthv  jx-rsons, 
proteid  foo<l  l)cing  more  striking  in  the  effect  than  a  farinaceous 
or  mixed  diet.  In  some  diseases  of  the  stomach  post-digestive 
leukocytosis  seems  not  to  occur. 

Inflammatory  and  Infections  Leukocjrtosis, — Among  the  strictly 
pathologic  forms  of  leukocytosis  the  most  imjM>rtant  are  those  due 
to  iuHammntions  and  infections  of  various  kinds.  Croupous 
pneumonia  occasions  considerable  increase  of  leukcx-ytes  in  most 
cases,  and  this  is  continuous  until  the  fitial  decline  of  the  fever. 
Suppurations  of  all  kinds  act  in  a  similar  manner.  Inflammations 
of  tlie  serous  membranes — peritonitis,  pleurisy,  meningitis — may 
be  attended  by  mo<lcrate  or  severe  leuktK-ytosis.  Among  the  acute 
infectious  fevers  there  are  some  in  which  leukocytosis  occurs  and 
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others  in  wliich  this  is  wailting,  and  tliis  fact  rtftwi  jiroves  vahi- 
uble  Xo  the  clinician.  Among  those  in  wlticiv  tlie  leukocytes  do 
not  increase  in  number  are  typlioid  fever,  inHiienza,  malaria,  and 
acute  miliary  tuberculosis. 

Cachectic  leukocytosis  occurs  in  a  variety  of  marantic  conditions, 
and  towanl  the  end  of  lite  in  any  case  uf  wasting  tlisease  there  nuiy 
be  a  great  increase  in  the  number  nf  h'ukoeytcs.  This  agonal 
or  terminal  leukoeyt<jsis  is  either  cachectic  (toxic)  in  nature  or  it 
may  be  due  to  terminal  infections. 

Malignant  tumors  frequetitly  cause  leukocytosis. 

Hemorrhage  may  occasion  increase  in  uiunber  of  the  white  cor- 
puscles, more  nr  less  in  acconlanee  with  the  (quantity  of  blowl  lost. 

Mechanical  and  Thermal  Causes. — Mussjige  and  cold  baths  fre- 
quently cause  increase  in  the  nuniber  of  leukocytes  for  a  time. 

Medicinal  leakocytoBis,  or  that  due  to  the  intnxiuction  of  various 
drugs,  is  probably  allied  to  infectious  and  cachectic  leukocytosis 
in  the  manner  of  its  production. 

Pathogenesis. — The  nature  of  leukocytosis  is  still  the  sub- 
ject of  some  controversy.  Formerly  it  was  held  that  the  in- 
creased number  of  leukocytes  is  wholly  due  to  overpro<luction ; 
later,  some  investigators  claimed  that  diminished  destruction  is  the 
important  cause.  The  e.\[»lanation  which  seems  most  acceptJible 
at  the  present  <!ay  is  that  of  Goldscheider  and  Jakob.  These 
obs<;T\'ers  liold  that  infectious  and  toxic  leukocytosis  is  due  to  the 
attractive  influence  of  the  tc)xic  subsfcinces  upon  the  leukocytes  in 
the  bloo<l-making  organs,  and  to  a  certain  extent  to  the  stimu- 
lating influence  upon  those  orgiuis,  lefiding  to  increased  prwluction 
of  leukfH'vtes.  There  are  at  all  times  large  numbers  of  leuko- 
cytes in  the  lymphatic  tissues  and  throughout  the  other  tissues  of 
the  bmly  which  may  be  drawn  into  the  circidatiou  by  chemotactic 
substances.  When,  however,  leukocytosis  is  prolonged  it  is  likely 
that  new-formation  of  leuk(Kvtes  takes  place,  as  the  supply  would 
otherwise  soon  become  exhausted. 

Character  of  the  Blood. — The  blotKl  in  leukocytosis  varies 
nsitlerably  in  character.  The  number  of  leukocytes  may  be 
'onlv  moderately  increase<l  (10,000  to  20,000)  or  may  be  excessive 
(50',0<K)  to  100,000).  The  older  writers  distinguished  between 
leukocytosis  and  leukemia  by  the  number  of  leukocytes  present. 
This  distinction  is  no  longer  admitted,  as  there  are  cases  of  leuko- 
cytosis with  very  marked  increase  in  the  number  of  the  leuko- 
tes  and  cases  of  leukenn'a  with  leukocytosis  teuiponirily  or  con- 
tinuously of  more  moderate  degree. 

In  the  majority  of  cases  of  leukocytosis  the  polymorphonuclear 
elements  are  in  relative  as  well  as  actual  excess,  the  mononuclear 
elements  being  actually  incn^aseil  in  number,  but  relatively  defi- 
ent  (Fig.  145).  The  proiwrtion  of  polymorphonuclear  elements 
frequently  80  to  85  per  cent.,  and  sometimes  90  or  95  per  cent., 
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orrhage,  in  caclieetic  It'iikixTtosis,  in  septic  leiikocytosos,  and  that 
due  to  malignant  tumors  the  jxilyniorpnonnclear  cells  are  usually 
increased,  while  in  the  leiikcK-ytiwis  of  the  new-liorn  and  in  sonic 
tunmrs,  especially  lyniitlioniata,  the  mononuclear  elements  prt> 
tJoniiiiate.  In  some  of  tjiese  jeukoeytoses  the  presence  of  mvclii- 
cytes  lias  heen  observed  ;  and  in  very  rare  cases  (he  nuclei  in  the* 
colls  may  sIujw  karyokinetic  figures. 
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rio.  Mo— Septic  leukoryltisi:!. .-Iiuu liiK  luurkerl  lacrease of  polymorphonuplear  leukocrMi- 1 

Pathologic  Physiology. — LeukcKytosis  certainly  exercises 
some  protHund  inilnviicc  ojMjn  the  system,  lint  the  exact  nature  of 
this  iiiHui'tiee  is  unsettled.  Those  wiio  cnnterid  in  favor  of  the 
pliagorytie  thi'ory  oC  innnitnity  claim,  more  or  less  directly,  tliat  ^ 
the  iucrea.se  of  leukocytes  is  a  protective  prtK-ess,  the  jinrpose  fl 
being  the  removal  and  destructifin  of  irritants.  Others  lielieve  ^ 
that  leuUmytosis  is  part  of  the  cellular  jirm-esscs  concerned  in  the 
prfKluction  uf  immunising  substances.  There  is  certainly  more  ^k 
active  destruction  of  leukocytes  in  leukwytnsis  than  in  health,  as  S 
is  evidenced  l>y  the  increase  of  xantliin  l)ases  :ind  uric  acid  in  the 
urine  ;  and  it  may  be  that  in  tliis  destruction  protective  substances 
are  libenited. 

HYPOLEUKOCYTOSIS. 

HypoIenkiK'vtosis,  or  h'uktipenia,  is  the  condition  in  which  there 
is  deficiency  in  the  nund)er  of  leukocytes.  This  is  met  with  in 
nKxlerjite  degree  in  various  diseases,  such  as  tubercidosis.  typhoid 
fever,  .some  i-ascs  of  pn(>unionia,  cachexia,  inanition,  progresi^ive 
jHTiiicious  anemia,  etc.  The  nature  of  !iy|w]enko<'ytosis  is  not 
always  clear.  Some  have  bold  that  it  is  due  to  destruction  of 
leukocytes  (fntkolifnix),  while  others  claim  tliat  it  is  the  result  of 
altered  distribution  of  the  leukix-ytes.  It  has  been  shown  by 
experimenters  that  the  iujection  nf  certain  micro-orgainsms  or  I 
toxic  substances  will  pnxluee,  first,  a  decrease  in  the  number  of 
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leukocytes,  and  then  an  infrease.  TIil-  priinarv  hypolonkocytusis 
is  explained  by  >*oiiU'  as  the  result  of  active  <lestriiction  i>i"  Iciiki)- 
cytes,  but  the  conditions  of  the  urine  do  not  give  evidence  of  sueh 
active  destruction,  and  others  have  shown  that  tiie  capillaries  of 
the  luugij,  liver,  and  nther  organs  are  overtilled  with  leukiu'vtes 
during  this  stage.  The  assumption  is  therefore  vvarrtnited  that 
hypoleukocytosis  is  the  result  of  disturlianoe  in  the  distribution  of 
the  leukocytes. 

ANEMIA. 

Definition. — This  term  inehides  a  variety  of  conditions  in 
which  tlic  liiiiod  is  reduned  iu  (juality  in  one  constituent  or  another. 
The  term  oHijoffftliKmiti  indiwites  a  reduction  in  the  nuniher  of  red 
corpuscles,  while  the  name  olif/oclirotufmia  indicates  a  nihiclion  in 
the  coloring-matter  of  the  corpuscles.  Usually  these  conditions 
are  aesjx-iatc*!. 

Classification  of  Anetnias. — It  is  not  as  yet  pos.sihle  to 
offer  a  strictly  scientific  classilication,  hut  for  ordinary  ]iurjMises  the 
ol<l  division  into  jtriinnii/  and  Ki-fondnri/  a)fmi<i.H  may  be  retained. 
The  term  primary  anemia  may  he  giv<'n  to  forms  in  which 
the  anemia  i.s  the  striking  pathologic  condition.  The  older 
MTiters  used  the  name  to  indicate  that  tfie  anemia  was  an  essen- 
tial discise  and  d<'pendcnt  u|i(>n  no  jtrecetliug  aHI'ection,  exce])ting 
possibly  a  disturbance  of  tlic  hematopoietic  organs.  The  term 
secondary  anemia,  or  symptomatic  aiieniia,  may  be  used  to  desig- 
nate anemic  conditions  in  which  some  unih'rlying  disease  tiiat  has 
occasioned  the  anemia  is  conspicuous.  iVccfirding  to  the  classi- 
ticsition  here  otlenHl,  all  anemias  are  recognized  as  secondary  in 
the  strict  sense,  but  tliose  in  which  the  underlying  tlisease  is  not 
conspicuous  are  classificci  as  [>rimarv,  and  those  in  which  the  origi- 
nal (lisease  is  conspicuous  as  secondary. 


SECOND.^RY   .\NKMI.\. 


I  Etiology. — Various  unHmnlnri/  rtmifHioii.t  may  influence  the 
character  of  the  hliKid  liy  the  constant  clisturbance  iif  the  org^mii; 
functions.  X  cause  of  immcrliate  anemia  is  /leiitonlirif/r.  This 
first  leads  to  reduction  in  the  (juantity  of  bltKMl  ;  anti  later  by 
absorption  of  litpiid  fnnii  the  tissues  to  ilihitioti  itf  the  blr>od,  or 
hydremia.  Finally,  after  a  varitdde  |K'rinil  the  ctiaracter  of  the 
blood  is  restored  by  regencnitimi  of  cnrpnscli-s  and  of  colortiiij- 
niatter.  Pnranifrs  of  various  sorts  niiiy  l<'a<l  to  aticuiia,  .\mong 
the  more  imjiortant  are  the  intestinal  worms,  Ancliylostoma 
/lufxlcnale,  Bothriocephalus  latiis,  ami  Auguilhda  intesfinalis.  The 
raode  of  action  of  these  is  not  entirely  clear.  S<nne  have  lield 
that  they  cause  anemia  by  loss  of  bltKid  through  the  intestine,  and 
vt,hi»  is  probably  true  in  the  case  of  .\nguillula,  but  marked  anemia 
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may  occur  from  the  presence  of  Bothriooephalug  or  Anchylostoma 
without  mut'li  liemorrhage  taking  place.  An  exphination  wurtiiv 
of  consitleration  in  these  cases  is  that  the  parasites  generate 
poisons  either  in  tiieir  ordinary  life  or  by  their  ueatli  and  decom- 
jKjsition,  anil  that  these  poisons  arc  the  cause  of  the  anemia. 
Other  intestinal  parasites  may  occasion  more  or  less  anemia 
directly  or  indirectly.  The  parasites  occurring  in  the  blood  itself, 
notably  the  malarial  organism,  may  cause  extreme  anemia.  Injec- 
iious  diaeasiM  l'rc(jiiently  lead  to  inijMiverishnient  of  the  blood.  In 
the  acute  febrile  diseases,  such  as  tyjihoid  fever,  rheumatism,  and 
pneumonia,  the  anemia  may  not  In*  (•unspiciious  during  the  |>rog- 
ress  of  the  disease,  but  becomes  ap]iarent  after  the  fever  has  sub- 
sideil.  This  may  be  explaim-d  by  the  assumption  that  increased 
respiration  and  sweatiivg  cause  inspissition  of  the  blood  and 
relative  increase  in  the  number  of  red  corpuscles  during  tlie  exist- 
ence of  fever,  so  that  the  anemia  is  unnotice<l.  In  chronic  infec- 
tions, such  as  syphilis  and  tuberculosis,  marked  anemia  may  occur. 
.\mong  the  poifionn  capable  of  priHlucing  anemia  are  lead,  arsenic, 
]>l)osp!iorus,  and  other  metallic  sultstances,  and  experimentally 
pyrogidlol,  nitrobenzol.  pymdin,  ami  coal-tar  ((roducts  have  lieen 
iLsed  to  produce  anemia.  The  anemias  of  various  infectious  ilis- 
eases  are  undoubtedly  toxic  in  character,  and  very  probably  those 
occurring  in  gnstro-intesttnal  and  iiulrilional  flisca.scs  are  similarly 
the  result  of  the  action  of  jwisoiis  generated  within  the  IxmIv. 
Orr/nnir  flifriixen  and  mnr  rp-ou'tlix  of  ^•a^ious  sorts  may  occasion 
anemia  liy  the  genend  disturbance  of  health,  by  toxic  products 
generated  in  the  course  of  disease,  by  hemorrhage,  etc. 

Pathologic  Anatomy. — The  condition  of  the  blood  in  sec- 
ondary anemias  varies  with  tlie  duration  anti  grade  of  the  anemia. 
In  nioilerate  cases  the  number  of  red  corpuscles  dtHrreases  slightly 
(4,(HK1,(>0fl  to  ,'i,000,00()),  and  the  hemogloliin  is  correspondingly 
reduced,  though  often  wimcwhat  more  strikingly  than  the  corpus- 
cles. The  fresh  blood  may  show  no  visible  changes  under  the 
microscope,  and  even  in  stained  preparations  the  appearance  may 
be  normal.  More  marked  anemia  is  distinguished  by  greater  re- 
duction, the  nunilier  of  corpuscles  sinking  to  1^,500,000' or  2.0<X»,000 
per  cu.mm.  in  extri'nie  eases.  The  hemoglobin  is  usually  reduced 
more  markedly  than  the  corpuscles.  Examination  of  the  fresh 
blofnl  shows  jmllor  of  the  corpuscles  and  various  irregularities  in 
size  (microcytes  and  megahwytes)  and  sliajw  (poiki locates).  Nu- 
cleated red  i'orpusclcs  may  be  present  in  small  nimibcrs,  the 
micnvblasfs  and  normoblasts  predominating.  The  stained  blood 
may  disclose  <legeriemti(pn  of  the  corjiusdes  by  the  presence  of 
polycliromatophilic  forms.  The  leukocytes  do  not  play  an  essen- 
tial fwrt  in  this  form  of  anemia.  Their  number  may  be  normal 
or  reduced ;  in  other  ciises  leukocytosis  is  present.  The  relative 
proportions  of  the  different  forms  is  usually  about  normal.     In 
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severe  cases  the  lymphc)cytos  may  increawe  relatively  and  actually, 
at  the  exijcnse  ot"  the  iwlyniorphonuclear  forms.  Myelocytes  are 
occasionally  present. 

Associated  clian^fs  in  various  organs  may  he  met  with.  Anicmg 
these  are  pareneliytiiati>iis  and  fatty  dcjjeneration  of  the  heart, 
kidneys,  and  liv<'r.  These  condilioiis  have  oiteii  heeii  ascri])e(l  to 
reduced  oxidation,  which  was  supposutl  to  he  due  to  poverty  in  he- 
moglobin. Physiologic  studies,  however,  <li>  not  establish  the  ex- 
istence of  a  retluction  in  the  resjtiratory  exchange  of  gases.  It  is 
likely  that  toxic  conditions  of  tiie  blood  occur  in  anemia,  and  that 
the  poi>ous  act  directly  itpt>u  tlie  jiH'ected  organs. 

Pathologic  Physiology. — The  process  of  oxidation  is  of 
particular  interest  in  anemia,  and,  as  has  l)een  stated,  recent  in- 
vestigations show  that  the  consumption  of  oxygen  ami  elimination 
of  carbon  dioxid  are  normal.  To  accomplish  this  result  more 
active  circulatitiri  and  greater  enei^y  of  the  tissues  are  required. 
Partly  in  consecjuencc  of  the  latter,  diseases  of  the  organs  named 
in  the  last  jiar.igraph  n-sult  ;  and  at  the  same  time  some  of  the 
characteristic  symptoms  (palpitations,  dyspnea)  arc  produced.  In 
severe  secondary  anemias  increiisetl  tissue-waste  occurs,  and  nitro- 
gen is  discharged  in  excess  of  that  ingested. 

THE  PRIM.\RY  ANEMI.\S. 

The  conditions  includc<l  under  tliis  title  are  chlorosis,  progres- 
sive jx-micious  anemia,  leukemia,  and  Ilodgkin's  disease.  The 
term  simple  jn-imary  aneviia  is  sometimes  used  to  designate  a  form 
of  anemia  without  distinct  cause,  and  characterized  by  modenite 
oligocythemia.  There  are,  it  is  true,  occasiojial  cases  of  moderate 
anemia  in  which  no  definite  precedent  ilisease  can  be  tliscovered  ; 
but  these  are  exceptional  cases,  and  are  to  be  considerc<l  as  sec- 
ondary anemias  in  which  the  underlying  disease  is  latent.  Cases 
of  this  sort  do  not  conform  to  a  delinite  type,  and  cannot  there- 
fore be  considered  a>  illustrating  a  special  form  of  anemia. 
Another  term  frequently  useil  is  npfenw  aiirmh.  Tliis  is  even 
less  satisfactorily  defined.  Splenic  enlargement  nmy  occur  in 
any  of  the  primary  anemias,  and  may  in  some  cases  be  excessive. 
Moreover,  some  of  the  distinctly  seeontlary  anemias  (as  those  of 
rickets,  syphilis,  and  malaria)  are  very  often  attended  with  splenic 
enlargement.  It  has  not  been  provetl  that  tlierc  is  a  special  form 
of  anemia  with  splenic  enlargement  as  the  conspicuous  lesion,  and 
cases  of  so-called  splenic  anemia  are  to  hv  cimsidered  as  secondary 
or  primar)"  anemias  in  which  splenic  enlargement  happens  to  be 
marked. 

CHLOROSIS. 

Definition. — Chlorosis  is  a  |)riniary  anemia  due  to  retarded 
hemogenesis,  characterized  by  a  peculiar  pallor  and  marked  redue- 
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tion  in  the  ptTccntage  of  hfiuttglobiu,  and  occurring  almost  exclu- 
eivdy  in  yotiiifi  fiirls  and  women. 

Htiology. — Chltinisis  is  most  frequent  at  tlie  time  of  begin- 
ning mcnstniatiim  and  during  tlie  years  inime<liately  following 
tliis.  A  ff)rni  of  la(c  cfilorosb  lias  been  described  in  women  altove 
thirty  years  of  age  and  at  the  nienojrause ;  but  the  nature  of  this  is 
doubtful.  Chlorosis  in  the  male  is  still  more  doubtful,  though  a  few 
cases  have  been  described  by  competent  observers.  Hereditary 
tendencies  are  of  etinlogte  inijiortance.  The  disease  occurs  more 
frecjUL'iitly  in  farailics  in  which  tuliercuiosis  is  common  than  ic 
those  not  so  aflccted.  Constitiitioual  preth^position  is  also  an 
imjKjrtant  factor,  |X)orly  developed  girls,  and  particularly  those  of 
delicate  mould,  being  especially  liable  to  the  disease.  Virchow 
fotuid  hypo]>l!isia  of  the  heart  and  great  vessels,  and  Rokitanskr 
the  sjmie  condition  in  the  generative  organs,  and  })athologisls 
have  been  inclined  to  regjird  these  as  important  factors  in  the 
dcveln|)inent  of  the  disease. 

Various  exciting  causes  have  been  considered  as  of  more  or  less 
inij>ortance.  Emotional  excitement  was  regjirdetl  as  a  prime  cause 
by  ancient  authorities,  and  in  consequence  such  terms  as  icienu 
sfu  fvhrifi  ajiiantiiim  were  applied.  Home-sickness,  grief,  etc.,  are 
causes  of  moment.  Intestinal  auto-intoxication  has  been  regarded 
as  the  essential  iiictor  by  many,  tint  physiologic  chemists  fail  to 
find  cvi<lences  of  the  existence  of  such  intoxication.  Menstrual 
disttirbances  are  imitortant  as  symptoms,  and  have  often  been  re- 
garded as  causes.  The  hyjioplasia  of  the  genital  organs  adds  some 
prfibaliility  to  this  view,  but  nion-  <iefinite  evidence  is  wanting. 

At  the  present  time  it  seems  most  likely  that  chlorosis  is  due 
to  faulty  development,  and  especially  to  a  want  of  proi)er  hemo- 
genetic  power. 

Pathologic  Anatomy. — The  hypoi)lasia  of  the  vascular  and 
generative  systems  has  been  referred  to.  These  are  primarj- 
lesions,  and  ])ossibly  causal.  Various  secondary  disea.scs  may  Ixj 
encountered,  as  in  other  anemias.  Aninng  these,  mywariliac  de- 
generation and  dilatation  are  most  imjiortant,  though  they  do  not 
attain  high  grades  of  severity.  The  spleen  is  frequently  a  little 
enlarged.  Peculiar  yellowish  or  greenish  pigmentation  of  the 
skin  is  a  striking  feature.  The  pigment  is  doubtless  altered 
hemoglobin,  but  its  exact  nature  is  unknown. 

The  Blood. — The  blcKKl  is  paler  than  normal,  and  water)-.  The 
specific  gravity  dwreases  progressively,  and  the  .solid  matter 
is  deficient.  Increased  eoagnlability  is  sometimes  ob.served.  The 
number  of  red  corpuscles  may  be  normal,  even  in  well-<leveloped 
cases,  but  the  proportion  of  hemoglobin  sinks  progressively. 
In  prolonged  cases  the  corpuscles  become  reduced  in  number, 
but  the  deficiency  of  lienioglobin  continues  to  be  excessive. 
Severe  cases  of  chlorosis  frequently  show  3,000,000  or  2,000,000 
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red  corpuscles  per  cu.mm.  and  30  per  cent,  to  20  per  cent,  nf 
honniplol)in.  The  red  (■orpusclfS  nuty  ho  little  altorcd  in  fiiipcar- 
ance  in  tlic  early  stages ;  later,  irrcirnlaritics  in  size  nml  >ii;i|)e 
are  t'ref|tient,  and  nnclctited  n'd  (•nrpiisrlc.-i  (especially  imrnio- 
lilast.s)  make  their  apjx'aniiiee.  Tlie  latter  sometitiies  iiccur  in 
preut  numbers  in  crops  (blood-crises).  Tlic  leiikocyles  are  u.siially 
normal  in  mimlx-r  and  kind  ;  Init  in  some  eases  niyeliHiytes  liave 
been   met  witli. 

Diirin<r  tin-  ])RH*e.-iS  of  reeoverv  i'roni  ehlfintsis  the  red  corpus- 
cles increase  in  niitnlx'r  before  any  cliange  o<'e»irs  in  the  percentage 
of"  l»eniogli)i>in. 

Pathologic  Physiology. — Chlorosis  resembles  the  .seeond- 
arvanemiiLS  in  most  jwrticulars,  a.s  far  as  its  influence  on  the  general 
healtli  is  ctmcerue<l.  Some  of  the  symptoms  (canliac  and  men- 
stmal)  are  doubtless  due  to  primary  abnormalities  of  structure. 
The  preservation  of  the  subcutaneous  fat  despite  advancing  anemia 
is  a  striking  feature.  It  is  c.\plaine<I  by  von  NiMinlen  by  the 
assumption  that  the  rjuiet  and  warmth  which  cidoroties  find  neces- 
'  sarv  to  their  comfort  lead  to  accumulation  of  fat.  Decreased 
oxidation  is  certainly  not  the  cause. 


PROGRESSIVE   PERNICIOUS  ANEMIA. 


i  Definition. — Progressive  pernicious  anemia  is  a  form  of 
extreme  anemia  tending  to  increase  in  severity  to  a  fatal  end.  It 
^ay  be  apjKirejitly  causeless,  or  more  or  less  adequate  causes  may 
fc'' discovered.  It  is  characterizeil  by  excessive  oligwythcmia 
and  marked  changes  in   the  red  corpuscles. 

Etiology. — The  <liseasc  was  described  by  Addison  as  a  wholly 
causieless  anemia — that  is,  an  anemia  inde|tendent  of  prccinlent 
disease  of  any  sort.  In  recent  years,  however,  cau.ses  of  various 
sorl.s  have  been  discoverc<l.  Pernicious  anemia  may  twcur  in 
childhofKl  or  old  age,  but  is  usually  met  with  at  or  after  mitltlle 
age.  Depressing  <'niotions,  fright,  exjMisiire,  and  unsanitary  sur- 
roundings may  act  as  contributing  causes.  ,\motig  the  ntore 
ilcfinitely  active  iniliiences  arc  :  pregnancy  ami  lactation,  gastnj- 
intestinal  <lisea.sos,  and  intestinal  parasites.  Pregnancy  and  lacta- 
tion are  fre<juent  caus<'s,  but  (heir  manner  of  ojM'ration  is  obscure. 
Gastro-intestinal  diseases  of  various  sorts  have  been  foimd  in  cases 
of  |x>rnicious  anemia,  including  ati'ophy  tif  the  gastric  and  duo- 
denal mucosji,  ulcerations,  eureinoiua,  etc.  The  maiuier  of  ojiera- 
tion  of  thes<'  is  obscure,  thotigji  recent  experituental  work,  temling 
to  show  that  pernicious  anemia  is  hemolytic  in  naliire,  suggests 
that  poisons  are  generated  in  the  gjistni-intestinal  tract,  and,  gain- 
ing access  to  the  blinMl^  cjuise  its  dcstruetiou.  Among  the  evi- 
dences favoring  this  hemolytic  theory,  be.side  that  furnished  by 
direct  experimental  intoxication,  are  the  {Mjcidiar  pigmentation  of 
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the  liver  and  tlie  excess  of  coloring-niattcr  in  the  urine.  Of  the 
intestinal  jvarnsites  that  occasion  a  jiernicious  form  of  anemia,  the 
Anehylostoma  tluodenale  and  Bothrioeephalus  latiis  are  ini|)ortaDt. 
Other  parasites  oeeasionally  eaiise  severe  anemia,  luit  rarely,  if 
ever,  i'orms  suggesting  true  pernicious  anemia.  The  manner  of 
produi'tioii  of  anemia  hy  parasites  is  still  obscure.  S<:>ine  iiavp 
held  that  the  loss  of  IjIwmI  (fspeeially  in  the  ea.se  of  Anchylostoiua) 
is  the  im|iortant  cau.-^e;  but  there  are  instances  in  which  hut 
little  bloixl  is  lost.  Others  lielittve  tiiat  the  jmrasites  generate 
poisons  in  their  life  or  by  cl<'composition  after  their  destruction, 
and   that  the.se  poisons  act  as  htinnlytic  agents. 

In  addition  lo  the  above,  henionhages,  systemic  disea.ses  inLi- 
laria,  .syjihilis.  and  tulierculosis),  and  various  kinds  of  infectiou 
have  been  considered  as  causes.  Among  the  infectious  ageut.^ 
various  bacteria  anfl  ]vmto/.()un  organisms  have  bceu  described. 
None  of  these  seems  to  iie  of  inijM)rtanee.  ^J 

Pathologic  Anatomy, — \'arious  secondary  changes  are  met  H 
with,   those  in  the  blood-making  organs   Iwing    most   im|x>rtant.  ~ 
Tile    l)oue-marrow  nl'   the  long  bones    is    re<l    and   softened  and 
often    (piite  hemorrhagie  (for   details,   .see    Bone-marrow).     Tlii* 
change  was  formerly  regarded  as  a  ))rimarv  and  eausjil  one.     At  ^_ 
the  ))rcsent  time  it  is  looked  upon  Jis  secondary  ant!   reactive  to  ^| 
the  severe  anemia.     It  represents  the  eflbrt  of  the  bone-marrow  to  ^^ 
eoin|K'nsate  for  tlie  active  bloiHl-destruction.     The  spleen  is  s<;nie- 
times  t'lilarged,  and   may  lie  considerably  so.     (Pigmentation  of 
the  sjdeen   will   Ik"  referred   to  below.) 

The  liver,  kidneys,  and  especially  the  heart  suffer  degenerative 
changes  (fatty)  in  .severe  eases.  Sindlar  alterations  in  the  blood- 
vessels may  cause  |)uiu'tate  hemorrhages  (esjiecially  in  the  retina), 
or  larger  hemorrhages  in  various  situations.  The  lesij)ns  of  ihe 
gastro-intestinal  tract  have  been  referred  to.  S>me  of  them  are 
doubtless  seeontlary  to  the  aiieniia  i  <plhers  may  l)e  primary. 

Degenerations  of  the  })osterior  and  lateral  columns  of  the  .spinal 
cord  are  fre(|uent.  They  .seem  to  be  due  to  a  to.xie  agent  rather 
than  to  hemorrhages. 

I'igmentatiim  of  the  liver,  spleen,  kidneys,  and  other  organs  is 
a  .signiticant  condition  in  evidence  of  the  active  hemolysis  supposed 
to  (xrur  in  this  disea.se.  The  pigmentation  of  the  liver  is  most 
important,  and  seems  to  be  characteristic.  It  occurs  in  tlie  heimtic 
cells  of  the  ]M'ri)iherv  of  the  lobules  anci  in  the  emiothelial  cells  of  h 
the  lymphatic  cbnnnelsand  capillaries  in  the  same  situation.  The  H 
pigment  is  iron-containing,  and  may  be  well  demonstrated  by  aj)- 
jdying  the  iron  reaetiivns  (sidphid  of  ammonium  ;  hydrcR-hloric  acid 
and  fi'rrocyanitl  of  |K>ta.ssium — Ibrming  Prussian  blue).  fl 

The  Blood. — The  color  of  the  blotnl   is  often  strikingly  pale  ;  ™ 
though  it  may  be  dark  in  spite  of  marked  anemia.     The  .sj)ecific 
gravity  is  reduced.     The  marked  feature  of  the  disease  is  pro- 
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nounced  oligocythemia.  This  progresses  rapidly,  and  in  onlinary 
case:*  the  number  of  nnl  corpuscles  sinks  tu  1,(J(J(),()(X)  or  less  per 
cu.mm. :  at  the  same  time  changes  in  size  (microoytes  and  megulo- 
cytes)  and  in  shape  (poikiloeytes)  make  their  a]>pearanee,  and 
reach  grades  rarely  attained  in  other  diseases  (see  i  ig.  146).     Nu- 


l£ 


Flo.  146.— Blood  in  pemlcioiu  anemia,  ahowinc  Irregularity  In  the  alio  and  shape  of 
tbe  red  corpuaclen;  oncnuelcaledred(.'orpuiule(meKaloblust)and  twoleukucytca,  sUJnrd 
wiih  Ehrlich't  triple  mixture. 
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cleated  red  corpuscles  are  always  present  in  some  number  and 
usually  abundant  (Fig.  HO).  The  larger  I'onns  (mcguiobljists), 
a  rule,  predominate  ;  but  in  some  ca.ses  the  sniailer  (nrin.s  are 
more  abundant.  Karyokinetic  figures  may  be  found  in  the  nuclei. 
Polychnjiuatophiiia  aiul  basic  gniuuiation  are  g<'nerally  present. 
The  leukocytes  may  l)e  decreased  or  normal  in  nuniiier;  in  tlie 
late  stages  leiikiR-ytosis  is  not  uucoinmon,  and  it  may  become 
extreme.  The  larger  uiouoimelear  leukocytes  are  usually  more 
abundant  than  in  licaltli,  and  niyeliK,*ytes  i>ften  occur  in  oon.-iidcr- 
able  numbers,  lii  the  tcnuinal  leukocytosis  of  piTuicious  anemia 
the  lyniplKK'vtes  often  predoiuiiiate. 

The  fibrin-factors  have  been  found  in  increased  quantity  in 
chemical  examinations,  and  albiimosi's  (peptone  ?)  aiiil  excessive 
quantities  of  xnntliin-bodies  have  been  ili'tectcd  in  some  cases. 
Pathologic  Physiology. — Pernicious  anemia  has  many 
characteristics  of  an  intoxication,  and  there  are  undoubtedly  toxic 
bodies  in  the  blood,  whether  these  be  essential  or  incidental.  Some 
investigators  claim  to  have  obtainetl  putresciu  and  eadaverin  from 
the  urine.  There  is  mon*  active  metabolic  tissite-eonsumption  than 
in  health  ;  but  the  relati<ms  of  oxidation  to  some  of  the  .secondary 
lesions  of  the  disease  require  further  study. 

1  Leukemia. 

Definition. — I.(eukemia  is  a  disease  of  hemogenesi.s,  charact<?r- 
lixed  by  increase  in  the  number  of  leukocytes  in  the  circulating 
23 
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V)1(kmI  iind  by  patliologic  changes  in  the  bone-marrow,  spleen, 
iyn!|ih;»tif  glamls. 

Etiology. — Variims  diseases  (malaria,  syphilis,  rickets,  etc.) 
liave  been  reganled  as  predisposing  causes.  The  .same  is  true  of 
pregnancy,  lactation,  trauniatisni,  exposure,  and  other  iufluenccs. 
Sometimes  heredity  seems  to  be  an  important  element. 

Infection  has  l)een  suspected  as  the  direct  cause  of  leukemia  by 
many  i»l)sorvcrs.  and  various  Tormsofljactcria  have  been  discovered 
in  tiie  blooii  and  1  issues.  There  are  certainly  some  ver>'  striking 
tacts  in  favor  of  an  infectious  nature,  the  most  important  being  the 
apparent  contagiousness  in  a  few  cases.  The  various  micro-organ- 
isms nw<l  not  be  enumerated,  as  none  of  tficm  has  Ijeen  proved  to 
be  palbojri'oic.  Bodies  resciidding  )>nitozua  iiave  been  found  in 
the  bJiHid  and  in  the  orgsuis  (lympiiatic  glands),  but  tlie  nature  and 
signiJicance  (»f  these  are  uncertain. 

The  relations  uf  the  lymphatic  lesions  to  the  condition  of  the 
bl<X)d  requires  consideration.  Virchow  heltl  that  active  prolifera- 
tive change  in  the  lyni|)liadenoid  ti.'^sue.s  is  the  pathologic  foun- 
dation of  tlie  disease  and  the  soun-e  of  the  inerea.sed  numi)ers  of 
leukocytes  in  the  blood.  This  view  was  strf)ngly  suj)ported  by 
Fletnming's  discovery  of  kar^'okinetic  changes  in  the  cells  of  the 
lymphatic  glands  and  spleen.  Another  school  of  pathologists 
maintained  that  the  increased  proportion  of  leukoeyte.s  results 
from  retardation  in  leukocytic  de.>itniction,  and  tliat  the  f)eculiar 
lesions  of  the  lymj»liadenoid  tissues  result  from  the  deixisit  of  the 
leukocytes  from  the  blood.  Most  authorities  agree  that  there  is  some 
deposition  of  this  kind,  but  hold  to  the  view  of  Virchow  that  the 
enlargement  of  the  lymphatic  organs  comes  in  the  main  from 
primary  di.soase  of  the  affected  juirts. 

Pathologic  Anatomy. — The  lesions  of  the  solid  organs 
principally  occur  in  the  spleen,  tiie  bone-marrow,  and  the  lymphatic 
glands,  and  the  terms  lienal  or  sjvlenic,  medullary  or  myelogenous, 
and  lyntphatic  leukemia  are  a]>plied.  In  the  majority  of  case?  the 
spleen  and  bone-marrow  are  involved,  and  the  name  lienomedul- 
\ar\  leukemia  is  u.scd.  Pure  lymphatic  leukemia  is  comparatively 
rare,  but  involvement  of  tiie  lymjihatic  glands  with  the  spleen 
and  bone-marrow  is  common.  A  few  cases  of  pure  myelogt-nous 
leukemia  have  been  described,  but  their  nature  was  not  certainly 
determined. 

(The  changes  met  with  in  the  lymphatic  structures  are  discussed 
in  the  approjiriatc  sections  and  in  the  chapters  on  Tumors.) 

In  a  few  instances  the  primary  lesion  was  lymphadenoma  of 
the  thymus  gland  or  its  remnant.  Occasionally  the  primary  dis- 
ease is  in  the  lymphadenoid  tissues  of  the  gastro-infe.stinal  tract. 
Primary  dermal  leukemia  has  been  described  (lymjduKlermia 
pemiciosa),  but  is  not  satisfactorily  established. 

Among  the  .secondary  lesions  are  lymphoid  infiltrations  of  the 
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liver,  kidneys,  lungs,  heart,  and  other  tissui.s.  Tlio  organs  show 
areas  of  light  coh)r,  or  a  streaked  or  niottleil  uppearanie,  due  to 
the  deposition  of  masses  of  lymphoid  cells  (Fig.  147).     Secondary 
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Fio.  U7.— Lymphotd  IntlltraiKruii  iiLawL'cii  thu  ruiinl  lulmlt-s,  trum  a  case  of  leukemia. 
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degenerations  of  the  heart,  liver,  and  kidney?;  may  result  from  the 
lymphoniatniis  doptsits,  or  from  the  iii)|)(»verished. state  of  the 
blo«)d  and  the  jiresence  of  toxic  snh.stane«'s.  Seleroses  of  the 
fipinal  cord  mav  lie  met  with,  as  in  pernicious  anemia. 

The  Blood. — The  l)iood  is  nfteu  li^ht  in  eolor  anti  may  he  quite 
milky  in  appearanee.  Tfie  sjx'eifie  ^fnivity  is  lowered.  The 
alkaline  reaction  is  less  decided  than  normid,  and  in  some  ease.s 
the  rejietion  has  heen  foimd  acid,  proi»al>iy  from  nipid  change  after 
removal  fri>m  tlie  hwiy.  Coagidatinn  is  slow.  This  has  been 
attributed  to  the  presence  of  aibunioses  in  the  l>lood. 

The  conspicuous  feature  in  the  l>h>od  is  the  increased  immber 
of  leukocytes.      In  mo«ierate  cases  there  arc  from  1(.H),000  to  3(Xt,- 

000  white  corpuscles  per  cu.mm.  In  severe  cases  the  number  is 
greater;  while  in  mild  or  beginning  cases,  or  in  cases  under  active 
treatment,  the  numiier  may  for  a  time  be  n(jrmal  or  subnormal. 

1  have  at  the  present  time  uniler  observation  a  ease  in  which  the 
leukocytes  have  fallen  to  :},(M)0  from  .")()(I,(MM)  per  ru.mm.  Rapid 
fluctuations  in  number  are  very  common. 

The  study  of  the  blooil  led  Virehow  to  distinguish  two  forms 
of  leukemia :  that  in  wliieli  small  forms  of  leukocytes  pre- 
dominate (lymphemia),  and  that  marked  by  the  excessive  number 
of  large  cells  (splenemia).  This  distinction  may  still  lie  made, 
but  the  significance  attributed  to  it  as  an  indication  of  the  organs 

r»rimarily  affected  <'annot   now  be  sustainctl.     It  is  true  that  in 
ienomednllary   leukemia   large   cells  usually  predominate,  while 
lymphocytes  are  conspicuous  in  lymphatic  forms  of  leukemia  ;  but 
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transitiotial  cases  rob  the  distinction  of  its  practical  importance. 
It  is  liore  retained  for  the  sake  of  convenience  of  description. 

Lienomedullary  Type. — The  l»lood  presents  a  great  excess  of 
white  corpu.scie.s  and  more  or  lc.s.s  decided  poverty  in  red  cell& 
The  pn)pt)rtion  of  wliite  to  red  corpuscles  is  oflen  1:3,  1  :2,  or 
even  1:1.  TIh'  larger  mononuclear  leukoeytes  (including  nornnil 
moiirmuclear  and  tnin.'iitionai  elements  and  myelocytes)  preilonii- 
nate  over  tlie  lyniplKRiytes  and  pulymorphonuclear  elements  (Fig. 
148).     The    latter   two  forms,  however,  are   actually  increased. 


^ 
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Flo.  148— Blood  Id  lienomedullary  leukemia,  Rhowing  Jevcral  mononuclear  neutro- 
phllcs  (mycldcyti'Sl,  one  jiolymorphonuclear  neutrophile,  and  an  c»sinuphlle;  a  nuclt- 
ated  red  corpuscle  and  a  lyniphocyte  are  aeen  in  the  lower  part  of  the  lllustralion ;  auln<d 
wilh  Ehrlifh'e  triple  mixture. 


MyeWytes  are  usually  found  in  great  numbers,  and  are  an  evi- 
dence (.>f  implication  of  the  bone-marrow.  There  is  usually  an  ! 
actual  increase  in  the  number  of  eosinophile  elements,  but  the 
perecntafre-proportion  is  rarely  increased.  Basophilic  leukocytos 
(niast-c(']i.»)  arc  |>re.-^eut  in  iiunibers  jrri'atly  in  e.xees.'*  of  those  found 
in  liealth.  Karvokinetie  leukoeytes  are  found  in  small  nniubers. 
The  red  corpu.«;les  present  the  usual  features  of  anemic  blocxi,  and 
nucleated  forms  are  particularly  abiimfant.  This  is  regarded  as 
an  evideuee  of  di.sease  of  the  bone-marrow. 

A  |K'culiar  rnnstituent  ftf  the  blood  are  the  Charcot-Neumann 
crystals.  These  are  ]>olyhe«!nd,  needle-slia]ied  crystals  of  un- 
certain enmjinsition.  met  with  in  the  blfidd  after  death  or  sonic 
time  after  removal  from  the  body,  and  exceptionally  in  tlie  fresli 
blood.     They  were  first  detected  in  the  bone-marrow.  | 

Lymphatic  Type. — The  leukocytosis  is  less  marketl  than  in  the 
lienomedullary  type.  The  lymphocytes  predominate  (Fig.  149), 
but  actual  excess  of  large  niononiielear  forms  and  polymorjiho- 
niiclear  leukoeytes  is  observed.  MyeliK-ytes  occur  in  small  num- 
bers ;  exceptionally  in  considerable  proportion.  The  numVier  of  ■ 
red  corpuscles  is  decreased,  and  nucleated  red  cells  may  be  present.     ■ 
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Pathologic  Physiology. — LnikfiniM  is  usually  a  [irof^res- 
sively  destructive  disease.  The  nature  uf  the  distiirhaiiees,  how- 
ever, is  only  partly  known.  The  blood  eontains  toxic  snhstanee.s 
generate<l  by  leiiKocytic  destriietioii  (xaiithin-l)odies)  and  aeiifs 
(lactic,  acetic,  etc.).     Allmniuses  are  pre.seiit    in  varying  projior- 


c 

Fio.  U9.— LymphKtio  leukemia,  showing  excess  uf  tymphocjrtei. 


tlon.s,  and  probaidy  ])lay  an  iinpirtant  part  in  the  pathulojry.  The 
urine. freipiently  contains  excess  of  xuntliin-bases  and  uric  acid. 

Acute  I/eukemia. — Tliis  neems  to  be  a  distinct  type  of  the 
disease,  and  the  syniptoni'^  are  strong'ly  suggestive  of  an  itifcctiiKm 
condition.  The  rlur.ition  is  usually  from  a  few  weeks  to  a  few 
months  after  the  first  synij)to[us  are  iiotei).  (Jastro-intesfinal 
lesions  (ulcers  in  the  montli,  .stomach,  and  intestines)  and  heuior- 
rhagic  manifestations  (purpura)  are  frequent.  Mo<ieratc  enlarge- 
ment of  the  lyni|)liatie  tissues  and  lymphoid  infiUnttions  of  the 
organs  are  discovered,  and  parencliytnatous  changes  in  the  orgtms 
are  constantly  present. 

The  blood  shows  a  varied  picture.  Mononuclear  elements  are 
conspicuous,  the  predominating  cell  being  an  atyjiical  lvni]ihnevtc. 
The  nuclei  are  large  and  roimd  and  stain  faintly  ;  tlie  profnplastn 
forni.s  a  narn>vv  rim  anuind  the  nucleus,  and  often  stains  more 
intensely  with  basic  stains  than  the  nucleus.  The  polvmorpho- 
nuclear  cells  and  eosinophiles  may  be  aetually,  but  not  relatively, 
increa.sed  in  number;  myelcH-ytf'S  are  »M_'casionally  present.  Consid- 
erable reduction  in  the  uumlier  of  red  corpiiseles  is  a  usual  I'eature 
of  acute  leukemia.  Nucleated  red  corpuscles  (especially  normo- 
blasts) are  generally  quite  abundant. 

Hodgkin's  Disease. 

Pseudoleukemia,  or  HiMigkin's  disea-se,  resembles  leukemia  iu 
the  lesions  of  the  solid  organs,  but  differs  in  that  the  blood  (Joes 
not  present  increase  in  the  number  of  leukocytes.     The  lymphatic 
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glaiuls  oiilarfrt'  more  tuiickly  tlian  in  Icukt-nnii  and  the  spleen  and 
marruw  are  Ifss  fruriiiently  involved,  l)iit  otherwise  no  distinction 
can  be  made.  CaseH  of  Hodj^kin's  disease  sometimes  bec<jme  con- 
verted into  leukemia,  anfl  the  reverse  has  been  known  to  take 
plaee.  It  has  been  held  hy  some  tliat  IIodj;kin's  disease  rcpr(>- 
seuti!  an  aleukemic  stage  of  the  same  ilisease. 

Pseudoleukemia  Infantum. 

Under  this  name  vmi  -laksrli  dcst-ribed  a  Wirrn  of  l»'iik<K'_vtosis, 
with  fidHr<renii-iit  of  tbr  spb'en  and  liver,  iM-eurring  in  childrpn. 
There  is  rapiil  and  excessive  oiifrocythemia,  and  tlie  leiikocvtosis 
is  prouoimeed.  Leukotntes  of  all  types  arc  pn'sent,  and  give  lu 
the  blood  a  curiously  variegated  appearance.  There  is  no  striking 
diB'ereuee,  liowe\er,  frtjiii  the  characters  of  the  bloml  met  with  in 
other  cases  of  leiikwytosis  in  infancy.  Kickets  and  wjngcnital 
sypfiilis  .seem  to  be  closely   related  to  this  (lirm  ol"  disease. 

The  enlargement  of  the  sjiiecn  and  liver  is  not  of  the  nature 
of  that  .seen  in  leukemia  or  liodgkin's  disease,  but  is  simply  a 
chronic  hypeqilastic  condition. 

FOREIGN  BODIES  AND  PARASITES. 

Foreign  Bodies  in  Blood. — \'arioiis  kimls  of  particles  may  ' 
gain  access  to  the  Itiood-current  and  may  be  carried  to  peripheral 
parts  of  the  circulation.      In   anthnicosis  a  lymphatic  gland  may 
attach  itself  and,  after  softening,  rupture  into  a  vein.     The  parti- 
cles of  carbon  are  thus  distributed  in  the  blood.     Small  portions  ^ 
of  tumors,  of  the  hciirt-valves,  i-nlcareons  ])articles  from  atheroni- fl 
atons  [dates,  and  portions  [»f  thrombi  arc  frctjuently  transjx»rted  by 
the  blood.     Charcot  crystals  are  met  with   in   leukemia,  and  pig-  ^ 
ment-matter,  due  to  disintegration  of  the  blood  itself,  is  seen  in  fl 
malaria.  ^ 

Parasites  in  the  Blood. — Among  the  animal  panLsites  are 
the  malarial  j)lasni(Hiium,  wbii-h  (H'curs  within  the  re<l  coqni.'icles  ^ 
or  free  in  the  plasma ;  the  Distonui  lia'matobium,  which  occupies  V 
the  portal  vein  ;  the  embryos  of  the  Filaria  sanguinis  hominis  and 
the  Trypanosoma.  (These  are  more  fully  descrilwd  in  the  section 
on  Parasites.)  Portions  of  hydatid  cysts  or  of  cysticeri  and 
tri<^hina'  are  occasionally  conveyed  in  the  circulation. 

Vegetable  Parasites. — Mould-fuirgi  sometimes  gain  entrance 
into  the  circidation  and  lead  to  serious  embolism,  as  does  also  the 
streptothrix  actinomyces.  Of  the  pathogenic  bacteria,  the  spiril- 
lum of  relapsing  fever  and  the  Iwicillus  of  anthrax  are  most 
abundant  in  the  blood.  Other  micro-orgsmisms  are  more  difficult 
of  demonstration,  though  micrococci  of  suppuration,  the  bacillus 
of  influenza,  and  even  tubercle-bacilli  have  been  detected. 
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CHAPTER   II. 

DISEASES  OF  THE  LYMPHATIC  TISSUES. 

THE  SPLEEN. 

Anatomic  Considerations. — Tlie  .spleen  is  practioally  a 
comi>lieatt'd  lymphatic  frliiini  with  close  ri'tations  to  the  eireula- 
tion.  It  is  enclosed  in  u  fihruiis  capsule,  iVoni  whicli  tralieculse 
enter  into  the  .substance  of  the  ar^n  and  give  off  siilidivisious 
that  unite  and  liirm  a  framework,  in  the  meslies  of  which  lym- 
phoid tissue  is  enilieddeil.  The  s|)lriiie  artery  enters  at  the  hiliim 
and  .-iubdivide.*?  into  numerous  luiiuclies  which  tniver.sc  the  tni- 
beeulffi.  Sitle  braiielics  are  j^ivcn  off  tVorii  the  traliecular  artt'riolcs  ; 
these  penetrate  the  splenic  piilji  and  are  surrounded  by  denser 
aggregations  of  lymph-cells,  wliii-h  are  visible  to  the  naked  eye  as 
the  Malpighian  bodies.  All  of  the  tenninal  arteries  discharge 
their  blixxl  directly  into  tlie  sjmiccs  of  the  s|ilenic  pidp,  froju  wiiich 
it  is  re-collected  into  the  veins.  The  sjiaces  contain,  iu  adilitiou 
to  Iyn»phoi<l  cells  and  red  blood-corpnscles,  larger  cells  often  con- 
taining pignient-grnuules  or  even  snisdl  blood-corpuscles. 

The  weight  of  the  spleen  iu  the  adult  varies  irom  140  to 
2IJ0  gm. 

The  splenic  function  remains  in  doulit.  It  .seems  to  have  some 
connection  witli  the  prtM'css  of  niaiiuracture  of  leuk(H*ytes,  and  is 
one  of  the  sources  of  red  blo<)d-cor|)uscles.  It  may  also  Ih>  the 
place  of  destruction  of  re<l  cor|>usch'S,  and  in  cases  of  genenil 
hemolysis,  or  blo(Ml-destruetion,  the  bl<MMl-])igmcnt  and  fragmented 
corpuscles  are  e«|)ecially  arrested  in  this  orgjin. 

Pathologic  Pliysiolog^r. — Tlie  rclatitms  of  disea.ses  of  the 
spleen  to  the  general  health  are  still  obscure.  It  has  been  held 
by  some  pathologists  that  this  orgjui  plays  an  impi>rt!int  ])art  in 
the  process  of  inununizatiftn  orcouibatiug  infections  cliseases.  The 
fact  tiiat  bacteria  and  foreign  btxiies  circulating  in  the  biofid  are 
['arrested  in  the  spleen  to  sirch  a  large  extent  warrants  the  suspicion 
that  this  organ  is  imjwrtant  in  arresting  irritants,  and  thus  pre- 
venting their  gjiining  access  to  mure  vital  |)arts.  Experimenters, 
however,  have  ibund  no  uniform  iiicrca.se  of  siiscc))tibility  to  iiiicro- 
organismal  in(^ulation  on  the  ])urt  of  desplcnctixcd  iintnials.  For 
the  present,  therefore,  we  can  only  suspect  that  removal  or  disease 
of  the  spleen  renders  individuals  more  vulnerable  to  infections. 
I  The  effect  of  removal  of  the  spleen  in  human  beings  is  sur- 
prisingly slight.  A  certain  juuount  of  am-mia  and  general  deteri- 
onition  of  health  follow  the  operation,  but  seem  to  l«c  the  result 
of  the  o|)er.ttir>n  prr  h<\  rather  tliau  of  removal  of  the  organ.  Sul>- 
.Bcquently,  complete  liealth  is  regained. 
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ABNORMAL   DEVELOPMENT   AND   SITUATION. 

Complete  absence  of  tlie  spleen  has  sometiraes  been  noted  in 
children  that  lived  for  several  years.  More  commonly  slighter 
defects,  siieh  sih  luuisual  .sniallness  or  excessive  lobulation,  occur. 
Very  often  .small  accessory  spleens,  the  size  of  a  pea  or  a  marble, 
are  found. 

Movable  Spleen. — The  or<r.in  may  be  quite  movable,  either  as 
a  congenital  condition  or  as  the  result  of  enlarjfement  and  resulting 
traction  upon  its  atfachnient.s.  Downward  displacement  and 
movability  are  frequently  found  in  cases  of  splanchnoptosis. 
Twisting  of  the  pedicle  of  a  movable  spleen  may  lead  to  stiaa- 
gulatiou  of  the  circulation  and  consequent  necrosis.  ~~ 

CIRCULATORY  DISTURBANCES. 

Anemia  may  occur  in  cases  of  general  anemia  resulting  fmm 
heniorrliiige  or  inanition.     The  spleen  presents  a  contracted  apjK*ar- 
anee,  the  capsule  lieing  wrinkled,  ami  on  section  the  sub.stance  \i  j 
found  to  be  lighter  in  color  and  the  fibrous  stnmia  is  more  prom- 
inent than  normal. 

H3rperemia  may  be  active  or  jiassive.     Active  hyperemia  is  a 
physiologic  condition  during  digestion,  when  the  spleen  increases 
somewhat  in  size.     Inten.se  congestion  fHrurs  in  a  number  of  dis- 
eases, but  so  connni>nly  passes  into  intlamniation  that  it  will  be 
described  nmler  that  heading.     Pattsivc  coiii/ention  is  most  marked 
in  cases  nf  cirrhosis  of  the  liver,  but  also  occurs  in  as.<ociatioD 
with  hyiH'remia  of  other  organs  as  the  result  fif  cardiac  failure,  of 
emphysemii,  or  of  other  diseases  obstructing  the   larger   venous 
channels.     The  spleen  is  greatly  enlarged  and  of  a  dark-red  color, 
and  the  capsule  is  often  tensely  distended  ;  the  Malpighiau  bodies  ■ 
are  less  visilile  tlian   nonnally.     After  long  continuation  of  the  ™ 
process  hyperplasia  of  the  trabecula?  and  the  fibmns  stroma  gen- 
erally takes  place.     The  spleen  may  be  greatly  enlargetl  and  very 
detise  at  this  stage,    Subse(|ueiitly  contraction  of  the  ncwly-fonne<l 
fibiijus  tissue  may  lead  to  atmpliy  of  the  proper  splenic  sul>t>tanoe  fl 
and  increased  intluration  of  the  orgjin  {cyanotir  induration).     Cod-^ 
siderable  pigmentation  is  found  in  such  cases  from  the  destruction 
of  the  stagnat<'d  bliMKl  (sec  page  304).  h 

Hemorrhages  in  the  sjileen  may  be  the  result  of  traumatism,  fl 
when  large  hcuiatoniata  may  form,  cs[>ecially  just  beneath  the  cap- 
sule. Small  areas  ot'  hemorrliage  arc  not  infretjuent  in  intense  in- 
fections with  splenitis,  but  it  is  ditticult  to  draw  a  line  between 
hemorrliage  and  the  overtilliug  of  tlie  spaces  by  congestion,  since  the 
blood  un<ler  normal  conditions  enters  directly  into  the  splenic  pulp. 

Embolism  of  the  splenic  artery  is  verj-  common  in  cases  fl 
of  endocarditis  or  tbnnnbosis  in  the  left  heart  or  aorta.  As  thefl 
spleen  contains  a1>uii<lant  "  terminal  arteries,"  infarction  is  the 
common  result.     The  area  may  remain  light  colored,  constituting. 
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an  anemic  infarct ;  or  it  may  Ijccoiue  ovcrfilltnl  witli  1>1o(mJ,  wlicu 
hemorrhagic  infarction  rc-siiltt;.  In  cither  case  there  is  a  wedfrc- 
.shapefl  lesion,  with  tlie  bas<o  toward  the  snrface  of  the  organ  and 
the  apex  witliin,  harder  tliaii  the  stirnmniling  tissue,  nnd  usually 
somewhat  elevate<l.  Tlie  swelHng-  siiul  elevatidU  in  the  ease  of 
anemic  infarction  are  partly  due  tu  a  zone  of  liyperemia  which 
usually  surrounds  it.  Complete  resolution  may  occur,  Init  mure 
commonly  the  area  iuvo!ve<l  undcr^jjoes  (•oaj;;iilation-riecrosis  and 
softenin<r,  and  aj  ansoq>tion  takes  place  filjrous  overgrowth  gives 
rise  to  the  lormatiuu  of  a  scar.  There  may  be  nurtierous  infarcts 
of  small  size,  or  a  single  large  tuie  sometimes  occupying  as  much 
as  half  of  the  organ.  (Septic  infaiftion  aud  its  results  arc  dis- 
cussed imder  Abscess  of  tlie  .S|>!ecn.) 

Thrombosis  of  tlie  sph'uic  vein  may  wcur  in  association  with 
thn.)mbosis  of  the  portal  vein.  It  cruises  intense  passive  hyfiere- 
mia  of  the  spleen.  Uceasiimally  eaieitieation  of  thrombi  gives 
rise  to  the  formation  of  uptcnic  utoiiea. 

INFLAMMATION  OF  THE  SPLEEN,  OR  SPLENITIS. 

Splenitis  fK-curs  in  a  variety  of  cotiditioiis,  and  may  present 
'  itsell  in  several  forms,  among  wliich  the  acute  enlargement  of  the 
spleen  of  infectious  diseases  and  localized  splenitis,  or  abscess  of 
the  .spleen,  are  the  j)rincipal. 

Difiiise  Splenitis. — The  splenic  enlargement  of  infection 
occurs  [Kirticularly  in  tyjilinid  fever,  malaria,  septicemia,  typhus, 
and  relapsing  fevers;  and  less  markedly  in  piiemnonia,  scarlet 
fever,  small-jK).\,  nnd  inftuen/a.  In  the  earlier  stage  the  sjvleen  is 
simply  congested  and  presents  a  dark-red  color;  is  firm,  and  the 
capsule  mon-  or  less  distended.  On  -seetirHi  the  Malpigliiau  bodies 
are  usually  obs<;ured,  and  there  may  be  visible  areas  of  hemorrhagic 
extravasation.  Microscopically  at  this  stage  the  l>l<Mjd-vesscls  are 
all  found  overdistendcd,  and  the  s[)aces  within  the  sjilenic  jiutp  are 
fillcfl  with  red  an<i  white  blofid-<'orf>uscles.  If  the  process  has  con- 
tinued for  some  time,  pigment-masses  and  degenenited  corpuscles 
are  visible,  but  there  are  as  yet  no  evidences  oi'  inflammatory 
hyperplasia  of  the  splenic  pidp  or  stroma. 

^As  the  process  advances  the  spleen  may  become  sofler  and  may 
be  quite  diffluent.  On  sectiotr  the  substance  is  now  found  to  be 
lighter  in  color,  the  Malpighian  bodies  an*  distinct,  aial,  particu- 
larly in  violent  septic  i-ases,  are  <lecidcdlv  prominent,  pr<'senting 
themselves  asyellowisb-gray  jnmclie,  somewhat  resembling  miliary 
tubercles.  The  capsule  of  the  organ  may  still  be  tensely  dislende<l, 
but  in  other  cases  is  wrinkled,  as  if  some  shrinkage  of  the  spleen 
had  Oi'currcd  in  the  I'liunge  from  the  first  stage  of  congestion  to 
that  of  well-<lefin<"d  iuti;iiurn;itiou.  Microscii|vicatly  there  is  now 
apparent  a  great  increase  of  the  cells  nt'  the  splenic  [»ulp,  particu- 
larly of  those  constituting  the  Malpighian  botlies.     That  this  in- 
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crease  is  partly  at  least  due  to  active  proliferation  is  known  from 
the  abuuilanee  of  mitoses.  There  is  also  hyperplasia  of  the  stroma 
and  trabeculffi,  and  of  the  endothelial  cells  of  the  spaces. 

In  still  later  stages  signs  of  degeneration  may  become  promin<»nt. 
This  is  apparent  in  the  ineroiising  softening  of  the  organ,  while 
under  the  ndcroscoyK-  tiicrc  are  fmnid  cellular  degvuerations  leading 
to  the  formation  of  di'triiiis,  to  fragnientatinn  of  the  nuclei  of  tbr 
cells,  and  to  ))igirii'iit;)lit)n  by  disintegration  of  red  blcxKl-coqiuscles. 

Terminations. — Most  frequently  complete  resolution  occure. 
Sometimes,  however,  persistence  of  the  inflammation  is  noted; 
and,  when  rejM^iiti.Hl  attacks  of  the  infection  occasion  repeated 
attijcks  of  .splenitis,  clinmic  itiHammatory  hyperplasia  is  the  result. 
This  is  especially  niarki-d  in  the  "ague-i-ake"  spleen  of  malaria. 
Sfwntaneous  niptun^  or  rupture  from  slight  trauma  may  result 
from  the  siiftened  and  distended  condition  of  the  organ.  Finally, 
suppuration  may  ensue,  either  in  the  form  of  a  diiTuse  softening 
and  purulent  intiltraliim  of  the  entire  orgim,  or  in  the  form  of  a 
localized  abscess  iK/giiiuirig  at  the  p<iint  of  greatest  involvement. 

Circumscribed  Splenitis,  or  Abscess  of  the  Spleen. — 
This  may  be  the  terniination  of  an  acute  diH'use  splenitis,  jiarticu- 
larly  in  septicemia  and  typhoid  fever ;  or  it  may  be  caused  by 
extension  of  diseases  of  neighboring  structures,  by  .septic  emb(>- 


FiG.  liO.— Embolic  ab«cMa  of  the  upleen  ( fmni  a  sp<>clnicn  In  the  Museum  of  the  PhlUdel- 

plilii  Hijspital) 


lism,  or  traumatic  injuries.  In  the  last  case,  the  mechanical 
injury  of  the  .spleen  merely  furnishes  suitable  conditions  for  the 
action  of  bacteria  conveye<l  to  it  through  the  circulation,  or  the 
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spleen  is  actually  penetrated  and  infected.  Oceasionully  abscess 
may  resnlt  from  the  perforation  of  jjriistric  ulcers  or  from  tlie  ex- 
ten;<ion  of  other  inHnninuiiioiis  in  the  vicinity.  An  it)i|iort:int 
group  of  cases  is  that  in  which  the  ahsces-ses  are  embolic  and 
meta-static  (Fip.  150).  Such  ca^cs  are  met  with  in  uiujijjjiuiiit 
endocanlitirt  or  thnjmhosi.s  of  the  heart  or  aorta,  and  in  ('as<'s  of 
pyemia  following  other  infective  conditions.  The  first  effect  of 
the  embolism  is  an  hemorrhajji*!  or  anemic  infarction,  Imt  thi.s  soon 
undergoes  snppnrative  softening,  beginning  at  the  ajiex  of  the  in- 
farct. Metastatic  absces-scs  are  most  cotnmon  near  tlie  snrfiicc  of 
the  organ  and  are  usually  multiple,  tiiough  a  single  cavity  occupy- 
ing the  greater  p:irt  of  the  org:in  may  «>ccur.  Small  collections 
may  l>ecome  absorbed  or  inspissated,  leaving  a  necrotic  or  cheesy 
collection  a.^  a  residue.  Ijiirger  collections  njay  he  diseliarge<l  by 
perforation  into  the  stomach  or  intestines,  or  they  may  bri'ak  into 
the  peritoneal  or  plural  cavity,  can-ing  sejitic  ]ieritonitis  or  ]>lenriii<. 

Chronic  Inflammation  or  Chronic  Hyperplasia  of  the 
Spleen. — Attention  hai»  already  been  called  to  the  slow  hyjK-r- 
pla.sia  of  the  connective  tissue  and  sometimes  of  the  sph'nic  pulp 
occurring  in  consequence  of  chronic  passive  congestion  and  ot  re- 
peated attacks  of  acute  splenitis.  The  spleen  is  large  in  size  and 
lirm.  The  capsule  is  often  tensely  distended  and  may  be  givatlv 
thickene<l.  The  thickening  is  eitlx-r  diffuse  or  cireuinscribed, 
patches  of  almost  cartilaginous  hardness  ocuurring  in  the  latter 
case.  Attachments  by  tibrfnis  adhesions  may  fi.x  the  .spleen  to  the 
diaphragm  or  the  neighboring  orgjins.  On  .secti<in  the  spleen  is 
found  dark  in  color  from  the  presence  of  abimdant  pigment,  and 
the  excess  of  fibrous  ti.ssue  may  be  visible-  to  the  nakcil  eye.  Mi- 
croscopicallv,  increased  thickness  of  the  fibrous  tnibeculie  ami  of 
the  walls  o^  the  small  bloo«l-ve.s.sels  and  pigmentation  with  altered 
blou<l-pigment  are  the  conspicuous  f«itun's. 

A  somewhat  different  form  of  chnrnii-  hyperplasia  is  tlejiendent 
upon  syphilis,  esjx'cially  upon  the  eongenital  form.  In  this  the 
app«'arances  are  much  tin;  siime  as  in  the  cases  following  splenitis 
or  congestion,  but,  as  a  rule,  the  color  is  somewhat  lighter  from 
the  fact  that  the  process  is  a  slowly  liy|M.Tplastic  one  without  acute 
inflammatory'  or  congestive  manifestations.  Somewhat  similar 
appearances  result  from  rickets. 


ATROPHY   AND  DEGENERATIONS. 


(Atrophy  of  tin*  spleen  is  very  common  in  old  age.  The  eajv 
sule  is  usually  wrinkled  and  somewhat  thickened,  and  on  section 
the  organ  is  more  fibrous  in  apjiearance  on  account  of  atrophy  of 
the  splenic  pulp  an<l  proliferation  of  the  stroma.  Thi<'kening  of 
the  capsnle  sometimes  ai)pears  in  the  form  of  white  plates  of 
cartilaginous  hardness,  which  result  from  inflammatory  over- 
jwth  of  the  capsule  { per'wph-nitiit  rartihiginra). 
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Amyloid  degeneration  ocmrs  more  fre<|iicntly  in  the  splciti 
thun  iu  any  other  organ.  The  causfs  arc  those  wliirh  lead  to  amyloid 
(lisojisf  fl.scwheri'.  Iu  most  tiiscs  the  degoncration  lu-jjins  in  the 
Mal|)iirliiuri  Ixidios,  affecting  the  walls  of  tlie  IdcXKl-vessels  (Plate 
2)  ami  (lie  lyiiijihoicl  element.^.  On  sj^-rtion  in  .such  a  case  there 
are  stfii  sural  1  round  areas  aliout  the  size  ot"  a  curraiu-.see<l.  of 
gelatinous,  (iimslueeut  aj>|»ear:ini'e.     These  liave  been   likenefl  tn 

f  rains  of  boiled  sani>,  and  the  term  uru/o-itplcen  is  not  inappropriatf. 
n  other  ea.se.s  a  nuire  uniform  involvement  of  the  whole  organ  1.1 
noted,  and  the  section  pre.sent-s  the  apjH'aranee  of  boiled  ham  or 
dried  beef.  Con.^iderald*'  enlargenu-nt  of  the  organ  i.s  noted  in 
siii-h  instances,  ami  the  tissue  is  uuieh  hartler  than  normal- 
Begiiuiiug  amyloid  degeneration  may  be  dittieult  to  determine 
microscopically,  but  is  readily  demou.slnited  by  the  microscopic 
staining-reactifius  (see  Amyloid  Degeneration). 

Hyaline  degeneration  ha.s  been  observed  in  association 
with  amyloid  ami  in<tependent  of  the  latter.  It  affects  the  small 
blo<Ml-vessels  and  tlie  retieuliini  more  particularly. 

Pigmentation  is  a  very  common  result  of  chronic  congestion 
as  well  as  of  n-poatefl  aeut*-  splenitis ;  the  spleen  in  cases  of 
cirrhosis  of  the  liver  and  in  chronic  malaria  is  therefore  habitually  1 
pigmented.  The  deposit  occurs  first  in  the  walls  of  the  blood-  I 
vessels  and  later  throughout  th<' splenic  structure,  either  within  the 
cells  or  lying  free  iu  thi>  tissue.  Oeeasionally  pigmeMt-}>artioh* 
derived  fr<im  the  external  world  are  deposited  in  the  spleen.  This 
is  especially  true  of  dust-particles  which  have  reached  the  circu- 
lation from  sf»ftened  bronchial  glands.  In  ca.ses  of  di.sease»  of 
other  kinds  leailing  to  discharge  of  foreign  boilies  or  tissue-ele- 
ments into  the  eirculatiou,  the  arrest  not  rarely  occurs  in  the 
spleen,  and  reactive  congestion  or  inflammation  with  enlargement 
of  the  sj)leen  may  result  (upodogenoun  np/eni(ix).  Pigmentation  of 
the  spleen  is  seen  in  progressive  pernicious  anemia  and  other  con- 
ditions in  which  hemolysis  occurs.  The  pigments  resulting  from 
the  destruction  of  retl  corpuscles  are  d<'posited  in  the  liver,  spleen, 
and  other  organs.  liiiiary  pigmentation  of  the  spleen  occurs  in  | 
various  fortns  of  janmlii'c. 

Calcification  occurs  in  the  thickened  capsule  of  chronic 
8})leiiilis  and  in  old  infiirets,  tubercular  or  syphilitic  areas,  and 
otx-asionally  in  thnmibi  of  the  splenic  vein.  Pamsitic  cysts  may 
be  eurrounded  by  calcification. 


TUMORS  AND  PARASITES. 

I<ymphadenoma  of  the  spleen,  as  it  occurs  in  the  diseases] 
leukemia   and    pseudoleukemia,   like   the  alterations  of  the   lym- 
phatic glands  occurring  in  the  same  diseases,  may  properly  be  in- 

lasise. 


mg 


long  simple  hyperpla 


The  disease  is  appropriately  designated  li/mphadaiomn  or  lipnpho' 


Plate  2. 
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Amyloid  degeneration  of  the  spleen,  showing  a  degenerated  Malpighian  body ; 
specimen  stained  with  hematoxylin  and  eoein. 
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The  spleen  may  jx-riiaps  be  affected 


coma.  Ihe  spleen  may  jx-rliaps  lie  attected  primarily  in  leu- 
emia  (lienal  or  splenie  leukemia),  but  is  iimre  likely  always  in- 
volved after  the  Ixme-niarruw  (^pIetlo-nlyL•ll»^^ell(llls;  leukemia). 
The  apjX'aranee.s  of  tlie  orj^in  in  leukemia  and  in  Hudfrkin's 
disease  are  identical.  In  the  earlier  staj^es  the  spleen  is 
enlarged  and  soft.  On  seetion  there  is  evidence  of  intense  eun- 
ge.Ntion,  while  at  the  s,'ime  time  I ijilH -colored  areas,  rejires^'iUiiig 
enlargcil  iMal|)i;jliian  liodies,  are  visible  (hninijlioiit  its  stnu'tnre. 
Subsequently  the  hvper|)lasia  ol'  the  lyniplmid  stnietnres  inereasea 
and  the  orpin  becomes  lijjflrter-colored  and  harder  than  normal. 
The  pressure  «'Xerted  on  the  splenic  pulp  causes  anemia,  and 
gTj»nulur  or  pigmentary  degeneration  of  the  cells,  while  anemic 
and  heinorrh;igic  infarctions  with  suL'seqiient  necrosis  are  likely  to 
form  near  the  surface  of  the  organ.  The  section  of  sneh  a  spleen 
presents  a  peculiarly  variegatetl  afipcat-.mcc,  while  the  mierosco]>ic 
examination  exhibits  wide  variations  from  the  normal.  The 
Mali)ighian  bcKlies  are  fonnd  greatly  enlarged,  and  arc  comptised 
of  aggregations  of  the  onlimir)-  lyin|)hiiid  cells,  together  with 
larger  round  cells.  Mitoses  have  fn-qucntiy  been  demonstrated. 
The  splenic  pulp  is  degenenited,  exhil)iting  large  cells  enclosing 
pigment-graniilcs  or  reil  corpuscles  and   detritus. 

Sarcoma  atid  Carcinoma. — Primtirt/  «; /coma  of  the  round- 
celled,  or  Hbro-.sarcomatous,  variety  has  been 
observed.     SfCfmfldn/  mrcomn,  jjartieularly 
mehinotic  sarcoma,  and  wcomlai'!/  carcinoma 
are  more  common  than  [irimary  growths. 

Cysts  are  wcusional  iy  di.seovered .  They 
are  small,  an<l  are  probably  due  to  dilatation 
of  the  lymphatic  spaces  or  to  atrophy  and 
cystic  degeneration  of  the  Malpighian  fol- 
licles. 

Fibroma,  angioma,  and  lymphan- 
gioma are  very  rare. 

Parasites.  —  Pcntastomum  dentieula- 
tum.  echinoc<jccii9  cysts,  and  cysticerei  have 

n  observed. 


^ec 


INFECTIOUS  DISEASES. 


Tuberculosis  of  the  spleen  may  oc<'ur 
in  the  form  of  minute  miliary  tubercles, 
which  have  a  grayish  translucent  ajtpear- 
ance  and  are  usually  present  in  large  num- 
bers, e.specially  near  the  capsule.  They  may 
be  distinguishe<l  from  enlarged  Malpighian 
bodies  by  their  greater  opacity  and  their  grayi.sh  rather  than  yei- 
ish  color.  Tuberculosis  al.-4o  occiii-s  in  the  form  of  larger 
'ous  ncMlules,  espcciidly  in  children  (Fig.  151).     In  these  cases 


Uirge  cnjieous 
lubvrolpB  In  tbv  Bplven  ofk 
child  (Orlh). 
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there  are  seen  ixxliilar  masses  the  size  of  a  j)ea  or  cherry  studtling 
the  surface  and  deeper  -strueture  (tf  tlie  spleen.  This  fomi  is  called 
Affentnt)er<iilone  by  the  Germans,  from  the  resemblance  of  the  lai]ge 
nmhiles  to  tnl>ereles  met  with  in  nuwikeys.  Histologic  exaniinatioD 
proves  tilt'  niKlides  to  l)e  composed  of  a^regations  of  tubercle* 
undergoing  eas<'ation. 

I'rimary  tuberculosis  of  the  spleen  has  never  been  observed. 

Syphilis  may  present  itself  in  the  form  of  syphilitic  gummata, 
which  are  usually  multiple  and  may  lie  either  small  or  large.  They 
are  distiuguislied  by  their  centnil  degeneration  or  by  the  Hbrous- 
tissiie  st nations  at  the  exterior. 

Ditfuse  hyperplasia  of  the  s|deen  is  a  frequent  or  almost  eon- 
staut  lesion  of  congenital  syphilis. 

THE  LYMPHATIC  GLANDS. 

Anatomic  Considerations. — The  lymphatic  glands  con- 
sist of  accumulations  of  lyniphadenoitl  tissue  surrounded  by  a 
conneetive-ti8.sue  capsule.  There  maybe  distinguished  an  outer 
cortical  and  an  iinier  medullary  portion,  the  former  consisting  of 
spherical  ma.sses  or  follicles  of  lymphoid  cells  enelo.sed  in  a  con- 
nective-tissue retieuhmi  sjiringiiig  from  the  tnibecuhe,  the  latter 
being  composed  of  medidlurv  cords  similar  to  the  former  in  stnict- 
lu'e,  but  of  elongated  form.  The  atterent  lymphatics  enter  the 
glands  at  the  liilmn  and  di.>icharge  the  lymph  into  the  cortical 
sj>lieres ;  the  liquid  Miters  slowly  lowanl  the  me<lullary  conle, 
where  it  eventiialiy  enters  the  etl'erent  lymphatics.  The  nieilullan° 
cords  are  surrounded  1iy  spjices  lined  with  endothelial  cells,  the 
lymph-spaees. 

Hemolymph  Glands. ^f^ertain  of  the  lymphatic  glands  of  the  iflro- 
peritoiii>:it  rfj;iiiii  .lilli'r  tVoiii  onlinarv  lymplmtic  glands  in  liavin.!!  blood- 
gtnUHcs  iristfiid  <>(  Iviiipli-sinur^es  Tliisi'  liiive  been  termed  hemolymph 
elands.  Hnch  glnml:'  are  les.-*  t'requenlly  (i»und  in  other  situations,  such  a- 
m  the  mediastinum,  tliyiiius  region,  cervieal  region,  etc.  They  are  u.-^uallr 
emlifiddcd  in  I'al-ti^suh',  ami,  as  a  rule,  are  near  the  wall  of  some  Urge 
vessel.  The  number  imd  size  of  the  blood-vessels  connected  with  these 
glands  are  remarkable,  showing  the  relation  to  the  hemic  cireulntion. 
Transitional  conditions  between  the  typical  lymphatic  gland  and  the  hemo- 
lymph gbind  are  met  with.  Smne  of  the  gland8  resemble  splenic  tissue, 
and  others  the  marrow-tis.sue.  Warthin  suggests  the  terms  splenolyniph 
and  inarrowlymph  gland.  Pathologically  these  glands  have  been  toand 
congested  or  showing  evidences  of  increased  pigment-fornnition  in  various 
types  of  anemia.  They  apfwar  to  have  an  active  hemogenic  function  in 
such  conditions. 


ATROPHY. 

Atrophy  of  the  lymph-glands  occurs  in  old  age  and  in  various 
marasmie  conditions.  The  glands  suffer  considerable  diminution 
in  size,  the  cellular  elemcnt.s  being  particularly  aflecte-d  ;  thev  a 
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therefore  hard,  <lrv,  and  itftcii  irromiliir  in  shaju*.  Fatty  infiltra- 
tion may  occur  siiniilUuicfmsly  with  atroptiy,  tht'  jrluiid  in  stioh 
cases  preserving  its  size  and  having  a  decidi-dly  fatty  appearance. 


T 

^^  nam 


HYPERTROPHY. 

This  is  so  I'losfly  allied  tn  tliu  mnilitions  desifrnjitod  by  the 
name  of  lynipliadenonia  that  it  is  clitticnlt  to  separate  the  eases 
which  might  be  consideretl  as  strictly  liyj>ertrc)pliy.  Iii  ciises  of 
experimental  or  surgical  splcnwtuniy  liyjHTtmphy  of  the  lym- 
pliatic  glands  has  been  observed. 


^ 


^ 


DEOENERATIONS. 

Fatty  infiltration  is  somctiines  seen  in  eases  of  general 
obesity  am!  also,  as  Ix'ibre  nicirtioncd,  in  alrojiby  nf  the  glands. 

Amyloid  degeneration  is  met  with  in  cases  of  general  amyl- 
oid ilisease,  and  partieidarly  in  the  cases  iu  which  the  intestines 
are  affe<'te<l.  The  lymphatic  glantls  may,  however,  be  indejiend- 
ently  involvwl  in  ciises  of  ttibcrciilosis  attciulcd  with  su|»piiratiou. 
In  such  instances  the  adjacent  Iviiipbatic  giantls  arc  most  likely  to 
suffer  amyloid  ciiange.  The  morbid  }H'ores.-  rarely  leads  to  inark<Ml 
alteration  of  the  glands,  lint  tlie  amyloid  material  may  be  demon- 
strated by  the  staining-reactions  jH'ciititir  to  it.  The  connective 
tissue  of  the  tnilicciibe  and  amiind  tlie  Ijloml-vessels  is  first 
affected  ;  later,  the  cndotliclial  cells. 

Hyaline  degeneration  has  been  described.  It  affects  tlie 
bloMl-vesscls  aiifl  connective  tissue  of  the  glands. 

Calcification  not  infrequently  forms  tlie  terminal  condition 
in  cjises  of  neonjsis  or  induration  of  tlie  glands  in  consequence  of 
tuberculous  or  simple  inflanimation.  There  may  be  .small  calca- 
reous granules  scatterc<l  through  the  gland,  or  the  entiR'  ghinJ 
may  be  infiltrated. 

Necrosis  may  oeeur  in  consequence  of  tuberculous  or  syphilitic 
affections,  or  of  simple  inflammation.  In  tlie  former  eases,  particu- 
larly in  tuberculosis,  the  center  of  the  gland  or  the  entire  gland 
becomes  cheesy  and  sofi,  often  liipiefying  and  discharging  the 
contents  by  rupture  of  the  capsule.  In  consequence  of  simple 
inilammatiou,  as  in  certain  infectious  fevers  {ly]iboid,  diphtheria, 
scarlet  fever),  a  different  form  of  neenwis  is  met  with,  areas  of  the 
glaml    becoming   soft,    piiltaceous,   and    sometimes   putrid.     The 

f;land  may  rupture,  discharging  its  contents,  or  absorption  of  the 
iquid  with  inspissation  and  a  psend<R'aseous  form  of  uegenenition 
may  result.  Finally,  the  <legenenited  area  may  become  calcareous. 
Pigmentation  may  follow  acute  inflammations  or  traumatic 
injury  of  the  glands,  the  extravas>tions  of  blood  occurring  in  such 
conditions  leading  to  hematogenous  pigmentation.  The  I)lood- 
pigraent  occurs  in  granular  masses  within  the  cells  of  the  stroma 
or  within  the  lymphatic  cells   themselves.      Blood-pigmentation 
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may  also  occur  in  tlic  gliinds  uiljiiffnt  to  area*  of  JjemoiThap* 
oxtmvu.sntioii,  (lie  pigment  in  such  r:i^i's  ruacliiiifij  the  glaniin 
tliroiigli  tlic  lynipliatic  vessels  and  iK-inn  depositod  in  the  lynipli- 
simist's,  ur  even  in  the  t'ollii-les  and  coitls.  Analogous  niginen- 
tation  t'nini  external  sources  may  result  from  tattooing,  and  occurs 
regidariy  in  the  Iiront'liial  glan<Is  as  the  result  of  tlic  iuhulation  of 


■•^s 


^i^ 


9^J>:' 


Fto.  U!.— Anthncflsii  of  a  bruiicliUt  Ijrmph-ttUnd  (Orth). 

various  dust-particles  whieli  jH-nctrate  the  walls  of  the  Ijronclnoics 
and  alveoli  and  eventually  find  their  way  to  the  bronchial  glanils 
through  the  lynipliatie  streani  (((»//irac<w«)  (Fig.  152).  Tlie 
glands  may  be  completely  black  in  such  cases,  ami  the  lymphatic 
circulation  through  them  may  be  obliteniteil.  Secondary  inflam- 
matory clianges  result  in  most  cases  (see  jxige  370). 


INFLAMMATION;   LYMPHADENITIS. 

Acute  Ijrmphadenitls  is  commoDly  secondary  to  inflamnia> 

tions    in    the    neigliborbond,  the    irritants    lieing   carried    by  the  I 
afi'ereiit  lym|)liatics.     .Somctinu's  direct  extension  of  inHammation  ' 
by    contiguity    of    structure    may    lead    to    involvement    of    the 
lympliatic  glands.     Occasionally  lymphadenitis  is  .seemingly  pri- 
mary in  cases  in  which  the  infective   irritants  have  caused  do| 
lesion  at  the  portal  of  entrance  to  the  body. 

Pathologic  Anatomy. — The  glands  become  enlarged,  hyperemicj 
and  considerably  intiitrated  with  litiuid,  AV'iien  the  inflammation  is 
intense  there  may  be  iiiituite  hemorrhages.  Microsc(jpically  the 
lymjih-sinuses  are  found  distended  with  cells — leukocytes,  red 
blood-cells,  and  proliferated  and  desquamated  enilothelial  cells 
from  the  lining  membrane  (»f  the  sinuses.  Tlic  follicles  and  cor 
are  increased  in  size  fnmi  infiltration  and  proitably  also  from  pr 
lifcration  of  tjie  lyuipboid  cells.  The  process  may  become  arrested 
and  resolution  to  the  normal  <'ondition  nuiy  ensue.  If  mild  inflam- 
mation of  this  character  has  continued  for  a  great  length  of  time, . 
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or  if  the  cunditiun  is  repeated,  hyiwrplasia  of  the  trabecular  con- 
nective tissue,  of  tlic  liliHMl-vc'ssels,  and  of  (lip  rapsuh-  of  the  frlaiid 
may  lead  to  a  terniitiatitui  in  eliroiiie  ciilargeineiit  and  induratiim 
of  the  glands. 

In  eases  of  greater  intensity  of  tlie  infoetivo  cause,  necrotie  or 
suppurative  changes*  may  occur.  In  the  cases  of  necrosis  such  as 
occur  in  typhoid  fever  and  in  diphtlieria  there  may  he  noted  small 
s{K>ts  of  yellowish-white  color  in  the  liyjicreniic  i,daiuls,  and  suhse- 
quently  these  untlergo  weJl-niarki'd  necrosis,  frmipletc  necrotic 
softening  and  even  rupture  of  tlic  Ljlainl  may  ensue,  oi',  if  the 
necrosis  remains  limited  in  extent,  insjiissatitm  and  sometimes 
calcification   may  terminate  the  pnjcess. 

Supparative  lymphadenitis  is  not  uncommon.  It  is  seen 
in  the  glands  below  I'oiipart's  iigtinient  in  casi's  of  iidcctive  wounds 
of  the  leg ;  in  the  iugiiiual  glamls  as  a  result  of  ehancmid  or  gon- 
orrheal urethritis ;  in  the  glands  of  the  neck  in  association  with 
diphtheritic,  sc-arlatinal,  or  otiier  inHamraations  ol'  the  throat,  or 
following  er)'sipelas ;  in  the  axillary  glands  as  a  result  of  wounda 
of  the  arm  ;  and  in  the  internal  lymphatics  in  various  infective  <lis- 
eases.  The  term  b>tho  is  applied  to  suftpurative  lym|»liadeniti.H  of 
.superficial  glands.  Of  particular  interest  is  the  teuiieney  to  this 
condition  in  the  plague  of  the  East,  or  the  hulfouic  plague  {<(.  v.). 

Pathologic  Anatomy. — The  changes  noted  in  the  gland  at  the 
outset  arc  similar  to  those  in  the  simple  inHamuiations,  hut  under 
the  microscope  a  greater  accumulation  (jf  Iciikiwyti'S  is  apparent, 
and  the  gland  temls  to  soften,  with  the  formation  i»f  more  or  less 
creamy  pus.  The  capsule  may  prove  resistant  for  a  time,  and 
reactive  intiamniation  around  may  establish  an  additional  wall. 
A  single  gland  of  a  group  may  be  ati'ected,  but  more  coiunionly 
the  several  glands  are  together  involved.  Eventually  rupture 
may  take  place,  but  iu  instances  in  which  the  process  has  been 
circumscriDed,  inspissation  of  the  pus  and  finally  calcification  may 
occur. 

In  the  most  intense  forms  of  lymphadenitis  hemorrhagic  or 
gangrenous  conditiuus  are  developed. 

Chronic  I/ymphadenitis  leads  to  induration  with  enlarge- 
ment. It  occurs  as  the  result  of  repeated  acute  attacks  or  in  con- 
sequence of  long-continued  irritation  by  particles  carriwl  to  the 
lymphatic  glaiuls  from  some  focus  of  disease. 

Pathologic  Anatomy. — As  a  rule,  the  process  affects  the  con- 
nective-tissue element.s  of  the  gland  iu  particular,  and  there 
results  a  considerable  amotmt  of  imhiration,  sometimes  a.ssociate<l 
with  atrophy  or  necrosis  of  the  projjer  lymphoid  structure.  Occa- 
sionally, however,  the  lyniphoicl  elements  themselves  are  hyjier- 
pla.stic,  and  the  normal  relation  of  fii>rou3  tissue,  follicles,  and 
metlullary  cords  is  preserved. 

Microi5copically  tue  overgrowt.i  of  the  connective  tissue  spring- 
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ing  from  the  tral)ortiI»e,  from  tlie  blood-vessels,  and  from  the 
reticulum  of  tlic  lymphoid  portions,  is  apparent.  This  may  consist 
of  round  (xdls  and  tiltruiis  coniioctive  tissue,  or  there  may  Ix-  3 
tendency  tf»  tlir  foruuitioii  i>f  epithelioid  cells  and  even  piant-celk. 
Pattolog^C  Physiology. — InHanunations  of  the  lymphatic 
glands  are  the  result  of  the  arrest  of  irritants  of  various  s(ins 
carried  to  the  glands  in  the  lymjyhatic  channels.  This  arri*t  not 
unlikely  serves  the  pnrp«ise  of  a  jirotection  agjiinst  general  dis- 
semination of  irritants,  and  may  he  of  great  imi)ortance  in  thia^H 
way.  Complete  oeclusion  of  the  lym])h-sinuses  by  deposition  of  H 
solid    particles  (as   eoal-dust),  or  by  diseiise  of  the   glands,  may  ~ 


obstruct  tlie  lymphatic  How  entirely,  and  a  i-etrograde  inflamniaton 
process  may  result  fnjni  the  damming  back  of  infectfd  lymph 
from  extension  of  disease  along  the  lymphatic  channels. 


INFECTIOUS  DISEASES. 

Tuberctllosis  of  the  lym|)liatie  glands  is  due  in  nearly  all 
casi's  til  infection  Ijy  Imcilli  reaching  the  gland  through  the  siifer- 
ent  lymphatics,  though  occasioiiaily  it  would  seem  tliat  hemato- 
genous in  lection  fiecurs.  Under  the  heading  tuberculosis  we  must 
include  what  tlie  older  writers  dc.signatcil  as  scrofulous  glands,  for 
in  the  majority  of  .such  eases,  if  not  in  all,  the  disease  is  essentially 
tubert'ulosis,  though  the  mode  of  infection  is  not  alwavs  apparent. 
Morbid  Anatomy. — The  first  visible  change  is  the  formation  of 
small  grayish  nodules  in  the  gland,  and  sometimes  the  eruption 
these  is  attended  with  hyperemia  and  inHammation.     Later,  th 

tubercles  increa.se  in  size  and  undergo  caseoua 
changes  (I*ig.  \h^)  as  elsewhere,  and  eventu- 
ally the  entire  gland  niay  be  converted  into 
aeljeesy  mass,  which  may  liquefy  an<l  not  rare- 


I 
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ly  discharges  through  the  ruptured  c:ipsule.fl 


Fio. 


153 —Cheesy  lymph- 
Klnnd  (Orth). 


Microseopi<'ally,tl)e  tirst  appeaninee  is  that  of 
gniy    tubercles    containing    giant-eells   and 
epithelioid  cells,   surroumlcd  by   a    zi>ne  ol 
round  cells  (Fig.  154).    Later,  the  eharacte; 
istic  appearances  of  hyaline  transfonnation| 
and  ol'  caseation  are  observed.     Sometimes 
the  glands  in  tuberculosis  become  enlarged  and  harder  than  nomi.il, 
and  present  areas  of  grsiyish  color,  but  tio  not  tend  so  markedly  to 
undergo  necrosis.     In  these  iiistaiice.H  the  michiscopic  e.xuniinati><n 
presents  foci  com]>osed  for  the  ntost  part  of  epithelioid  cells,  an' 
much   less  abundant  in  round  cells  than  are  tuberculous  tiBSUes 
a  rule  (Fig.  loo). 

Scrofula, — The  tuberculous  nature  of  scrofulous  lymphadenitis 
was  first  shown  by  dcuioustratious  of  the  infectiousness  of  thf 
softened   glun<lular   material  when    injected  into   animals.     The 
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micro-organisms  themselves  may  be  demnnstralile  in  tlie  earlier 
stages  in  tin-  i'|»itlielioi(J  or  giant-cells,  or  lyint;  iietwwn  these ; 
but  when  the  process  is  at  all  a<lvaucod  it  is  extremely  diiBcuU  or 
impossible  to  demonstrate  bacilli. 
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Tift.  IM.— Tubernilous  Ijrmphstlc  gland  ;  n,  recent  tnberele  wllh  irinnt-*cll  (e) ;  a,,  Inferiox 

^eaaeous  tubt- rcU-  with  giant  cell  (c,) ;  b,  lymiihadunold  tissue ;  d.oplltieliold  cell  (Ziegler). 
Individnal   Oroups   of  Qlands. — Amonjj   the    more   commonly 
affected  groups  of  glands  arc  the  cervical  (Fifj.  1")6).  the  brom^ltial, 
and  the  mesenteric.   Tul>er<.riilou9  cervical  glands  occaaion  consider- 


FHi.  ir>5.— Tubercaloiu  lymphatic  gland:  n.  Irmiihndcnoid  tltuiiu ;  b,  large  round  ceUa 
(epitbellold);  e,  large  Bplndle-celbi  (ZlcgliT). 

le  tumors  in  the  neck,  and  it  is  these  in  jiarticular  that  have 

nen  classifie«l  as  scn>fulous.    Not  rarely  they  advance  to  complete 

loftoning,  and  rupture  on  the  surface.     Sometimes,  however,  tbey 
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penetrate  deeply,  and  may  rupture  into  tlie  trachea  or  esophngu^] 

or  into  till'  pli'und  cavity.  Tlie  mcHle  of  infeetion  is  niri-Iy 
apjKirent,  Imt  iti  many  eases  no  dniilit  tlie  niiero-orirauisnjs  enter 
throii^di  tlie  iniic<isa  of  tlie  nimilli  or  jiliarynx,  or  ilie  tonsils,  where 
they  may  or  niay  imt  lirst  tx'easion  speeifie  lesions. 

The  liruneliial  jjlauds  are  atleetwl  very  ireipieutly  in  eases  in  i 
whieh  tile  barilli,  entering  throufrli  the  lungs,  have  left  uo  trace  of 
tuhereiilous  disease  at  the  tiortal  of  entnuiee  ;  while  in  casts  of 
actual    tiihereiilosis  of  the  jiinjrs  the  hronciiial   glands  are  qiiile 
constantly  involved  (Fig.  157).    The  glands  are  usually  elieesy  and 


'/I 


FlO.  IBS— Tuberculous  lyinphiijtiiltis  iif  lli'  • .  rm  nl  ; 


.i  i'us*.'  in  the  ('hudrenv 


may  herome  raleareous,  Init  sot^teiiing  not  nin '1  v  oerurs.     Perfora- 
tion of  one  of  the  bronchi  may  lead  to  acute  hmncliogenetic  tulx;r- 
culosis  of  the  lungs ;  or  the  softened  gland  may  discharge  into  kl 
large  vein  and  thus  oeeasion  miliary  tuberculosis. 

The  mesenteric  glands  are  esj)ecially  involved  in  children,  thii 
condition  being  known  as  Inhfx  nifMi-nkrlea.  The  infe<"tion  occur 
through  the  intestinal  tract ;  and  liiis  sometimes  been  found  due 
to  the  ingestion  of  infected  milk  or  meat.     The  intestines  maj 
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fir^t  sufTer,  or  the  bacilli  may  penetrate  the  intestinal  mucosa  with- 
out eaiisinp:  local  lesion.*. 

Syphilis. —  Knlarircmcnt  lA'  the  lymphatic  glamis  may  occur  in 

the   vicinity    ot"   the    initial 

lesion   diirinjj:   the    primary 

period  ;    ntui    is    iiabittially 

present  in  all  parts  of  tlie 

iMMly  (luring  the  secou(lar\' 

periiKl,     tilt'     |Kist-t;ervical, 

axillary,  inguinal,  and  epi- 

tntchlear  group?  heing  most 

characteristically     inv<tlve<l. 

The   glaniis  are   hard,  and 

do    not    tend    to    soften    or 

.Niippunite.    Microscopically 

there  is  f'omid  prolilcratinu 

ol'th*'  connectivc-tiNsnc  cle- 
Btnent.s  throughout  theglaiul. 
^       In    the    tertiary    period 

ffummtiUt  (bilbo  tertiariif)  may 
I     l«?  ol)s«'r\"e<l,esp<'cially  in  the 

lymphatic  glamls  adjacent  to 

re  iliseased  viscera. 
Leprosy,    actinomy- 
cosis, ami   other  infec- 
tions "K'casionally  involve 
the    lymphatic   glamls  (see 

(General    Pathology). 


Fni.  InT— Tiiliorciifnits  lvinptintii-^lMn<1.'<nt  the 
binirculionrifthi'trin  hialCrimi  a^ixi'ioiLii  iu  til* 
Museum  ut  tbe  PhUuiU'lpbU  Huepltalj. 


TUMORS. 


I^ymphadenoma ;   I,ymphosarcoma. — The  term  lymph- 

lenoma  hiL-^  heen  applied  to  certain  eiilargciiients  nf  tlu'  lyiiijiliatic 

plands  in    which  the  aj>|>i'araiice  and   structure   ret-emble  closely 

those  of  the  normal  gland.     Tlie  nature  of  many  of  such  cases  is 

ol>s<'ure,  and   ver}'  likely  widely   varying  diseases  have  Keen   in- 

(diideii.      In   some   instances  re|)eated   irritalinn  has  oi'r'asioncd   a 

^Uunctional    hypertrophy  <ir   clironi<-    iiiHaiuniation   of  the    gland, 

^nvhile  in  others,  doubtless,  infcctt>)us  <liseases  (es]H'cially  tiilH-rculo- 

H^is)   may  have  Iwen   mistaken   for  tumors.     We  may  restrict   the 

^term  lymph.idenoma  to  appjirently  causeless  enlargements  of  the 

lymphatic  glan<ls  in  gn>u|)s.     In  some  cases  the  disea.se  tentis  to 

involve  the  glands  in  all  parts  of  the  bixly,  as  well  as  to  invade 

the  --pleen,  the  liver,  the  kidnfys,  and  other  organs.     Enlargements 

Kthis,«ortfK'curin  leukemia  am!  Ilodgkin's  liiscase  (Fig.  15.S).    In 
■ics  of  lf>calizcd  enlargements  of  the  lymphatic  glands  it  is  likely 
that  Icwal  irritation,  as  a  rule,  plays  a  jiromiucnt  part  in  cau.sation. 
Pathologic  Anatomy. — Two  forms  of  lymphadcnoma  have  been 
dcscrilied,  tin-  hard  and  the  soft.     In  the  former  the  glands  of  the 
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gronp  are  enlarged  and  harfl,  llio  rapsiilc  is  thickened,  and  the 
trabeeiilie  increased.  Mien)Sf<>pir:illy  tliere  is  evidence  of  exci>s- 
sive  proliferation  of  {'onncrtive  tissue,  though  ovorprwluction  of 
lymj>l)oid  I'lrim-nts  may  occur  at  the  same  time.  In  ^ofY  lyniph- 
uilenonm  tltc  glaml  has  much  of  its  natunil  ap|H'arance,  although 
it  is  soraewiiat  more  o])afjui'  and  frrayi!*li.  Tiu-re  is  no  tendency 
to  soften  or  >iu]muratc,  and  tlic  individual  glands  of  a  gn;»p, 
though  closely  held  together,  tlo  not  fuse  entirely.  The  distinction 
of  lympli-.siniisos,  loiliclus,  and  nicdiiljary  conls  is  less  marked  than 
normally,  an<l  the   a]ij>eanincc    is    that    of  a    uniform  lymphoid 


Fro.  186.— Hcidglclii's  diiieasc.  iliowiiiR  uinrkiil  pnliircemcnt  of  the  Elands  of  the  right 
KXtUa,  with  conae<|Ut^ntilr(ip!iyi>rthe  arm:  It-sii  markud  involvement  of  the  nabmaxllUrr, 
eorvlenl,  and  initiilnal  lymph-Klundji. 

tissue  composed  of  a  cellular  reticulum  in  which  small  round  ccllaH 
arc  embedded.     Fnrni  an  anatomical  standpoint  the  term  lyranlifv  " 
sjircoma  is  ap]jlicahlc,  and  still   more  from  the  fact  that  no<lular 
infiltnitions  with  enlargement  arc  usually  found   in  the  spleen  afl, 
well  as  in  organs  wliich  do  not  normally  I'ontain  lymphatic  tissueJ 
such  as  the  liver,  the  kidneys,  and  the  heart.     In  some  cas«'S  ofj 
lymphosarcoma  the  blood  conttiins  excess  of  leukocytes.     The 
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ire  known  as  leukemia.  In  otlier  cases,  though  anatomical 
li-rences  are  not  tletoctable,  the  lilooil  ediitsiinri  no  excess  of 
leukocytes.  These  cases  may  present  the  clinir-al  fWitures  of  a 
progressive  anemia,  and  are  known  as  HiMlgkin's  disease,  or 
peeudolciikemia.  In  < K-t-asional  instances  translormatiun  of  llodg- 
kin'a  disease  into  leukemia,  or  the  reverse,  takes  |)lace,  and  there 
seems  to  be  no  we]l-t>stahlisho<l  dividins;-line  between  tlie  two 
conditions  (see,  also,  Lynipluideiioina,  iu  Part  I.). 

Sarcoma. — Otlier  fornix  of  sari'oma  are  Honetiuies  met  with 
a-s  primary  lot.'alized  new  growths  of  the  lymphatie  glands.  Su<'h 
are  not  rarely  seen  in  the  mediaf-tinnm.  In  these  itistanees  the 
capsule  of  the  glaml  is  penetnited  and  local  extension  to  neigh- 
boring glands  and  other  siirnmnding  structures  is  commonly 
observed,  hut  the  entire  group  of  glands  is  not,  as  a  rule,  affected. 
Genenil  nietasta.'iis  may  occur,  hut  att'ects  the  larger  org-.ins  rather 
than  the  lymplioid  tissues.  Ronnd-cull,  s|)indlt'-cell,  iilvff>lar 
sarcoma,  and  endothelioma  are  the  form.«  dcscrihed,  .Secondary 
sarcoma  occasionally  involves  the  lymphatic  glands. 

Cardnoma  is  always  seconilary,  the  lymjthatic  glands  being 
the  most  frequent  seat  of  seconflary  «inc«T.  The  metastatic  ilcposits 
arc  first  seen  in  the  jK'riphend  lymjih-sinuses  of  the  gland,  hut  later 
enlarge  and  may  invade  tlie  whole  gland  or  spread  beyond  the 
eapeule. 

BONE- MARROW. 


'  Anatomic  Considerations. — The  marrow  of  the  bones  is 
a  lympliadiMioiil  tissue  consisting  of  a  reticulum  of  eoniiet^tive- 
tissue  cells,  suiiporting  a  rich  network  of  capillaries  and  venules 
of  unusual  wiflth.  The  cells  pro|)i>r  of  tlic  marrow  are  rounded 
and  vary  greatly  in  size.  They  cfjiitjiin  a  clear  nucleus,  and  many 
of  them  neutrophilic  gnuiules.  In  addition  to  these  mnrrotr-rrlh 
there  are  occasional  giant-cells  lying  near  the  bony  trabecuhe  ;  and 
more  frequently  cells  containing  pigiiieut-grainiles  ;  also  nucleated 
red  corpuscles,  non-nucleated  red  corpuscles,  and  large  cells  en- 
clasing  corpuscles.  After  the  tirst  few  years  of  life  the  marrow 
of  the  long  bones  loses  its  reddish  color  and  becomes  more  or  less 
yellow,  and  there  is  then  fonn<l,  microscopically,  a  great  pre- 
ponderance of  fat-cells. 

L  DEQENERATIONS. 

Fatty  Infiltration. — Tin'  fat  which  occurs  normally  in  the 
marrow  may  be  excessively  developed  in  conditions  of  general 
oljcsity,  but  also  at  times  in  marantic  individuals,  or  as  a  result  of 
trophy  of  the  bony  tissues. 

Mucoid  degeneration  is  o<;casionally  seen,  and  necrosis 
'may  form  a  ])art  of  the  pror-es-scs  of  inflammation. 

Pigmentation  occurs  in  the  bone-marrow  iu  eases  of  destrnc- 
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li<U)  of  IjIocmI,  as  in   nialuria  or  varitius  liornolytic  toxemias,  as  the 
boiie-marruw  is  one  of  tbc  Kite-ring  organs  for  the  biotKl. 

ATROPHY. 

Atrophy  of  the  boiic-innrrow  is  not  infrequent  in  old  age  or  in 
nianksruic  conditions. 


(lis. 


HYPERTROPHY. 

Hypotrophy  of  the   Imin'-rnaiTitvv   occurs   in    various  anemic 
Strictly  s|wiikiii^,  there  is  atropliy  or  <lis«pijearance  nf 


ilist-ases. 


tlie  fat-cells  of  the  yellow  marrow  of  the  long  bones  and  hyper- H 

The  bone-marrow,  there-  ^ 


|>lasia  of  the 
fore,  assumes 


true  lymphoid  elements, 
mere  and  more  the  apjie 


irance  of  the  red  or  Ivru- 


phoid  marrow  of  early  life.     The  highest  grades  of  tliis  transfor-J 
inatioii  arc  met  with  in   progressive  pernicious  anemia  (Plate  3,' 
Fig.  1)  and  in  leukemia,  but  similar  cliaiiges  o<'<-ur  in  cancer,  tulx-r- 
culosis,  and  various  other  eaehectie  eoDilitions,     The  marrow  be- 
comes soft  and  red  Id  color,  and  in  extreme  cases  may  be  darfc- 
khI  and   liipiid. 

Microscopically  the  fat-eells  art^  much  reduced  in  number  and 
may  be  wholly  wanting.     In   their  place  are  found   marrow-cell 
of  various  sizes,  many  of  them  i-ontainiiig  neiitrophilie  and  et>siDO-1 
philic   granulations.     Cells    containing    pigment-granules    or  red 
bkMxI-eorpuscles,  and  nucleated  red   blood-i-orjiuseles  of  <liifereniH 
sizes,  are  seen  in  varying  numbers.  ^| 

In  leukemia  the  marnnv  often  has  a  mottled  apjM?aranee.  light- 
colored  areas  courposed  largely  of  white  corpuscles  arn-sted  in  the 
marrow  or  formed   in  lom  by  active  proliferatifin,  alternating  with 
darker  area.s  of  eongestiou  or  hemorrliagie  extravasation  (Plate  S, 
Fig.  2).     The  light-colored  areas  may  predominate  and  may  pre- 
sent a  puriform  appearance  (]>yoiil  marrowK     Mfire  rarely  the  ap- 
pearance of  the  marrciw  in  leukemia  is  similar  to  that  seen  in  the 
other  anemic  diseases.     Microscopically  a  curious  constituent  is 
discovered — the   Charcot- Neumann   crystals  (s<'e  lA-ukemia).     It^ 
has  l)een  held  that  leukemia  is  dependent  primarily  uj)on  the  di»^| 
ease  of  the  bone-inarrow  (myelogenous  leiikemta),  but  the  marrow-^ 
changes,  in  wjme  cases  at  least,  are  secondary. 


INFLAMMATION. 

Osteomyelitis,  or  inflammation  of  the  marrow,  is  infectiou 
in  nature,  and  may  occur  in  the  course  of  various  diseases,  such  as 
typhoid  fever,  relapsing  fever,  small-pox,  septicemia,  and  the  like; 
or  as  a  result  of  traumatism  and  direct  infection.  The  niarrow- 
di.sease  may  be  the  only  expression  of  an  infection  wliich  has 
arisen  in  an  obscure  matmer  (infectious  osteomyelitis).  In  the 
cases  occurring  in  the  course  of  infectious  diseases,  the  changes  ar 
comparable  to  those  which  occur  in  the  spleen  under  the  sjime  ei 
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rciimstances.  The  marrow  assmiK'.s  a  rt'dder  color  tlian  norinal, 
^aaii  it  may  be  stiuMeil  with  jjimctatL'  heniorrhaj^es.  In  othor 
areas  of  necrosis  and  graiiiiliir  ilff^'iicnitiun  of  the  wlls  may 
present,  and  inerejused  nunvJK'rs  of  lymplioid  cells  or  white 
bliHKl-corpn.sclcs  may  he  discovered.  Srnnetiuies 
quite  purulent  (see  Diseases  of  Bone). 


ll 


le   marrow   is 


INFECTIOUS  DISEASES  AND  TUMORS. 

(These  will  he  referretl  to  in  the  discussion  of  Diseases  of  the 
Boues.) 

THE   THYMUS    GLAND. 
Anatomy  and  Development. — Tiie  thynm.s  -ilaud  at  its 

earliest  period  consists  of  endodcrniic  ejiithelium  arnuipeii  some- 
what like  that  of  an  epithelial  gland.  Later,  niesohlastie  lymphoid 
cells  and  connective  tissue  infiltrate  it ;  and  at  hirth  and  for  several 
years  thereafter  it  is  eom{wsctI  larj^dy  of  lyniplioiil  tissue  arranged 
like  the  follicles  of  lymphatic  glands.  Here  and  there  in  the  center 
of  these  may  he  sceu  concentric  whorls  (the  corpuscles  of  Hassall), 
t!ie  remains  of  the  original  epithelial  cells.  After  the  seeoiul  year 
•of  life  retrogressive  changes  take  place,  and  hy  the  age  of  ailoles- 
Icence  the  gland  is  converte<l  into  a  mass  of  fatty  connective  tissue. 
Congenital  Abnormalities. — Complete  abscn(>e  or  \'ari<ins 
miniir  irrcgidarilies  of  the  tliytmis  may  rweur ;  at  times  it  is  li;uiid 
enormously  hypcrtrophied.  In  the  latter  ease  the  root  of  the 
great  vessels,  the  j>erieardiiini,  and  heart  may  be  covered  over  by 
the  enlarged  thymus,  and  sudden  death  seems  at  times  due  to  this 
cause.  Tliijm'tc  nuthmn,  srn-alletl,  is  rarely,  if  ever,  due  to  enlarge- 
ment nf  the  thymus. 

Circulatory  Disturbances. — Intense  ronr/rfftion  and  pune- 
I  tate  h<'iii(tirli(i(/ci<  may  be  found  in  cases  in  whicli  dcatli  has  occurred 
I  from  asphyxia. 

Inflammation  of  the  thymus  as  a  primary  disease  is  of  doubt- 
[ful  iicciuTcnce,  but  abscesses  may  occur  in  eases  <if  gciierjd  pyemia, 
for  from  extension  uf  >np|)Uiiitive  atl'ections  of  adjacent  jwiiis. 

Infectious  Diseases. — Si/phitin  ficcurs  in  th<r  fbrm  of  gum- 
tnata,  especially  in  tlic  new-boru.     Caseation  and  .'*ofteiiing  of  the 
gumma  may  occur,  and  a  resemblanee  to  abs^'css  is  thus  produced. 
Miliary  or  cafieouxiiihereidoiiin  m'casionally  invades  (he  tliymusgland. 
Tumors. — Tlu'  thymus  or  its  renuiant  is  not  iufretpiently  the 
'place   of  origin    of  /i/ntjihotKirciiiiiti   of  the  aiiternor   tuedinstimun 
(si-e  Fig.  47).     Tumors  having  this  origin  may  be   reeogui/.ed  by 
tlieir  shajje  and  by  the  regularity  of  their  outlines,  the  lympho- 
[earcomata   (lymplmdenonvata)   of   the    lytnpliatic   glands   of  the 
^  anterior  mediastinum  having  a  more  irregular  lobidated  appear- 
ance.      Oi'rtiiuin/  roiuiit-i'rtltii  xnrcovm   has   been   described,  ;ind 
Hhcliomu  springing  from    the   corpuscles  of  Hassail  has  been 
ccn  in  a  few  ca.ses. 
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CHAPTER    III. 
DISEASES  OF  THE  CIRCULATORY  SYSTEM. 

THE    HEART. 

Development  of  the  Heart. — At  the  earliest  period  of  fetal  life  the 
beurt  is  ri|iii(nMitiil  Uy  ii  liollow  liibc,  lying  toward  tbe  ventral  aspect  of 
the  neck.  i..uter  tlii*  assumes  iin  S-sluipe,  and  atill  later  a  transverse  con- 
striction marks  the  positimi  which  the  auriculoventricular  groove*  uuW- 
quently  occupy.  Finally,  vt-rtical  prooves  divide  the  lateral  halves  into 
llie  respective  auricles  and  ventricles*;  and  the  Irunciie  arterionu,  which  if 
at  one  of  the  ends  of  the  priniitive  tube,  becomes  divided  into  two  part*, 
forming  the  pulmonarv  artery  itiui  aorta.  The  separation  of  the  cavitia 
within  is  accomplished  by  the  onfjrniwth  of  septa  sftringing  from  the  walls 
of  the  primary  cavities.  The  septum  dividing  the  ventricles  is  the  first  to 
ap[ieur,  ami  springs  forward  from  the  posterior  wall.  Next  a  budding  is 
seen  in  the  posiiion  which  is  later  occupied  by  the  tissue  between  the 
auriculovuiitrifulnr  oritices  of  the  two  sides;  still  later  the  auricular  cavity 
is  divided  into  two  parts  by  a  process  beginning  at  the  lower  and  posterior 
jiart.  The  septum  which  divides  the  tnincun  arUriomiD  is  essentially  con- 
nected with  or  is  a  part  of  the  septum  which  separates  the  ventricles.  All 
of  these  changes  begin  from  the  seventh  to  the  ninth  or  teuth  week  of 
fetal  life. 

Anatomic  Considerations. — The  heait  consists  of  three 
layers,  the  cnd(Kiiritiun),  iniisciilar  layer,  and  pericardiiini.  The 
endcH'arditim  i.s  Xhv  iiiiHT  lininp  of  the  organ,  and  i.«  composed 
of  a  laver  of  ('inli)lhclial  ecUs  resting  upon  a  sstrattitii  of  connective 
tissue.  It  i.*  eutitimioti.^  with  the  lining  nienihnine  of  the  arterieb, 
and  liy  dit|)lie.'alioiis  forms  the  valve.«.  The  inu.scle  of  the  heart  is 
arninged  in  latnelhe.  The  iibers  of  the  heart-niusele  are  peculiar 
in  being  hranehed  and  in  being  devoid  of  a  .ssircoieiiima.  The 
perieardinin  resembles  the  endwardiiim  in  structure. 

The  lilfHKl-ve.-rsel.s  siupplying  tliu  lieart-innwle  are  bninehc*  of 
the  eoronarv  arterie.>*.  They  <livide  and  subdivide,  and  afliinl 
ahiindaiice  of  iilood  prHpnrtionate  ("  the  needs  of  so  active  an 
organ.  The  lynipluitic  system  is  equally  ilevelopetl.  The  ner- 
vous system  includes  nuniennis  ganglionic  centers  in  the  fnrrwws 
between  tlie  ventricles  and  between  the  auricle.?  and  ventricles.,! 
Other  gang!  ion-eel  Is  are  found  within  the  nnisele  it.self. 

Details  regjirdiiig  tlie  gross  .Htrtictiire  of  the  organ  need  not  be 
mentioned  iiere.  Tiie  weight  of  tlie  heart  in  the  adult  male  is 
alxiiit  300  g.,  in  tlie  adtdt  lemale  aliotit  2oO  g.  The  volume  of 
the  entire  organ  in  tiie  adidt  male  is  about  •2!)0  to  310  cu.cm.,  in 
the  adult  female  about  2(50  to  280  cu.eni. 

CONGENITAL  DISEASES  AND  DEFORMITIES. 

Abnormalities  of  the  heart  may  be  discovered  in  the  new-bom,  ] 
and  arc  the  restilt  of  developmental  defects,  or  loss  commonly  of 
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fetal  endocarditis  and  myocarditis.  The  older  pathologists  at- 
tributed to  inflammatory  changes  many  of  the  conditions  which 
more  accurate  knowledge  of  the  development  of  the  heart  clearly 
indicates  are  the  result  of  defects  in  development. 

Atmomiality  of  Position. — The  heart  may  retain  its  posi- 
tion high  up  toward  the  cervical  region,  and  may  even  be  entirely 
in  the  neck.  Occasionally  it  is  completely  exposed,  or,  merely 
covered  with  pericardium,  lies  immwliately  beneath  the  skin, 
the  sternum  in  such  cases  being  divided  in  the  middle  line. 
S'>metimes  it  lies  beneath  the  skin  of  the  abdomen. 

Abnormality  in  Size> — Congenital  smaliness,  or  hypopkma, 
of  the  heart  and  aorta  is  occasionally  observed.  Particular  atten- 
tion has  been  called  to  this  condition  in  cases  of  chlorosis  (see  p.  403). 

Defective  Development. — There  may  be  complete  absence 
of  the  heart  in  acardiac  monsters.  Sometimes  the  septa  dividing 
the  auricles  and  ventricles  are  wholly  wanting  and  a  biloeular 
heart  results ;  or  the  auricular  septum  alone  is  absent,  when  the 
organ  is  triloeulcar.  More  commonly  than  these  conditions,  the 
organ  is  completely  reversed,  lying  on  the  right  side  of  the  body 
and  having  the  blood-vessels  entering  it  and  leaving  it  reversed, 
so  that  the  general  venous  blood  enters  the  left  auricle,  the  pul- 
monary blood  the  right  auricle,  while  the  aorta  springs  from  the 
right  ventricle  and  the  pulmonary  artery  from  the  left.  The 
abdominal  viscera  may  be  reversed  at  the  same  time,  the  liver 
being  on  the  left,  and  the  spleen  on  the  right,  side.  This  condi- 
tion is  spoken  of  as  dextrocardia.  Other  abnormalities  in  the 
arrangement  and  origin  of  the  great  blood-vessels,  such  as  an 
undivided  truncus  arteriosus,  are  rare. 

Stenosis  and  atresia  of  the  pulmonary  artery  result  from  abnor- 
mal situation  of  the  septum  which  divides  the  truncus.  Com- 
plete atresia  is  very  rare.  Stenosis  is  one  of  the  commonest 
developmental  defects  of  the  heart,  and  in  some  cases  is  due  to 
fetal  myocarditis  about  the  orifice.  It  may  involve  the  root,  the 
conus,  or  the  trunk  of  the  vessel.  The  septum  of  the  ventricles 
is  usually  defective  and  the  foramen  ovale  remains  patulous. 
When  the  stenosis  is  considerable  the  pulmonary  circulation  is 
maintained  by  the  persistence  of  the  dudm  arteriomis  Botalli;  and 
the  right  ventricle  is  greatly  hypertrophied. 

StenosiB  and  atresia  of  the  arata  are  less  frequent  than  the  same 
conditions  affecting  the  pulmonary  arter\'.  They  arise  from  the 
same  cause,  and  are  usually  accompanied  by  the  same  dofoets  of 
the  septa  and  patency  of  the  ductus  arteriosus.  Stenosis  of  the 
trunk  of  the  aorta  at  the  isthmus — i.  e.,  at  a  point  between  the  left 
sul>clavian  artery  and  the  mouth  f)f  the  ductus  arteriosus — is  not 
infreciuent  in  moderate  degree.  More  rarely  there  may  be  almost 
complete  atresia,  or  the  aorta  may  be  entirely  wanting  at  this 
point     The  circulation  is  maintained  by  collateral  anastomosis 
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of  tlie  branolies  fif  tiie  suhclaviiin  with  the  tlescending  aorta. 
In  iill  of  these  cases  liypertrophy  of  the  left  veutricle  is  usmillj 
present. 

Defects  of  the  ventricular  septum  may  be  iiiiacconipanied  by  other  1 
abiiornialities  ;  but,  iis  u  rule,  they  are  of  .seeonihin'  iiinx)rtance,  I 
oi'ciirriiijr  hi  ea.se^  of  abnormality  of  tiie  pulmonary  arterj"  or  aorta. 
The  septum  may  i)e  eoinpletely  wanttufr,  or  ther*-  may  be  {lartial 
defect-s,  these  latter  iisimlly  lyinp  anteriorly  and  above,  in  what  Ls 
known  as  the  memljrjmmis  pirtioii,  or  the  undefended  siwce. 
Very  fretjiieutly  a  [mtuloirs  eondition  of  the  foramen  ovale  is] 
present. 

Defects  of  the  auricular  septum  are  eomparatively  rare,  but  i" 
patulous  eonditioii  of  the  foramen  ovale  is  one  of  the  most  frequent 
of  congenital  affeetions  of  the  lieart     It  is  due  to  the  failure  of 
the  valve  of  thi'  foramen  to  unite  at  the  edges,  as  normally  occur*! 
some  time  after  birth.     Slit-like  openin|B:s  are  seen  verv'  frequendy] 
in  post-mortem  examinations,  while  metre  decided  patency  is  occa- 
sionally observed   without  <tther  cardiac  abnormalities.     This   isl 
esjH'cially  likely  tu  turur  when  congenital  atelectasis  or  some  oth«' 
pulmonary  alfeetion  causes  continuance  of  high  blood-prcssnre  in 
the  right  heart  after  birtli. 

Stenosis  and  atresia  of  the  auriculorentricular  orifices  are  rare 
congeiutal  I'onditions;  and  in  the  tormer  fetal  endoranlitis  douht-J 
less  plays  an  im|>ortant  part.     When  there  is  complete  atresia  th«^ 
auricular  septum  nuist  remain  widely  open  and  the  septum  of  the 
ventricle  is  usually  deficient  and  tiie  ductus  Botalii  patulous. 

Patulous  Ductus  Botalii. — This  condition  is  frefpient  in  cast's  i 
stenosis  of  either  the  aorta  or  jtuimonary  arteri',  and  serves  to  con 
vey  the  blood  from  the  patulous  artcrv'  into  that  which  is  obstructet 
Like  the  pattdons  fiiramen  t>vale.  it  may  occur  as  an  independent 
condition  resulting  from  congenital  atelectasis  of  the  lung  which 
leads  to  the  continuance  of  the  fetal  conditions  of  circulation.        I 

Valvular  Defects. — Not  rttrely  there  may  be  but  two  semilunar' 
valves  at  the  aorta  or  pulmonary  orifice,  and,  on  the  other  hand, 
four  may  be  ol».-ierved,  the  latter  being  a  relatively  common  condi- 
tion. Similar  numerical  alniormalities  rw^cur  at  the  nuricnlovon- 
tricnlar  valve.s.  Abnormal  Ic-ngth  or  shortness  of  the  Iwdlets  niay^ 
also  be  observed,  or  t!ie  segments  may  be  united,  forming  a  com- 
plete ring.  The  hitter  condition  must  not  be  mistaken  for  the 
agglutination  (*f  endocarditis. 

Pathologic   Physiologry. — Congenital  heartrdiseases 
sion  serious  disturbances  of  the  circulation,  leading  t<i  overfilling 
of  the  venous  channels  and  often  abnormal  mixture  of  the  arte- 
rial and  venous  blood.     In  consequence  of  these  conditions  bhie- 
ness  or  cyanosis  is  a  common  symptom,  and  the  terms  congetiiltdi 
cj/nno«is  and  mnrlnta  c<rnthu«  an;  applied.     The  imperfect  oxida 
tioa  of  the   bloixl  doubtless  causes  profound  effects,  but  the 
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have  not  as  yet  received  accurate  stmly.     Tlie  imperfect  circu- 
lation causes  certain  oliunjfcs  in  the  tissues,  notable  among  which 


Wta.  U0.— CoDgenllal  cardiac  diseaie.  showinu  peculiar  thlckneu  of  Una  and  noae 

(Elchhoret). 

are  thickness  of  the  lips  and  nose,  piving  rise  to  a  peculiar  facial 
expression  (Fig.  159)  ami  "clubljing"  of  the  tinger-ends  (Fig. 


H 


Fi-i   mi— CInbUnK  of  the  flngon  in  congt'iiltat  cardial-  diacORe;  Arom  same  case  as 
Fig.  159  (Klchhorst). 

160).     The  blood  in  congenital  cyanosis  often  contains  an  excess 
of  red  blood-corpuscles  (see  Polycythemia). 
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CIRCULATORY  DISTURBANCES. 

Thrombosis  of  the  cavities  of  the  heart  results  from 
the  causes  which  ituhice  tliroialxi^^iti  elsewlicre  in  tlie  circulator)' 
system.  These  are  iiuiiiily  slowing  of  the  current  of  bloo<l,  some 
rmifrliiies-i  or  tliseiiM'  of  the  emliM'unlial  lining,  and  disease«i  con- 
ditions of  the  I)1(mm1  itself,  which  render  it  more  liable  to  eoagtiia- 
tion.  Shjwing  of  tlie  circulation  is  the  most  frequent  cause  of 
intracardiac  tliromliosis,  ami  leads  to  the  formation  of  tlie  clots 
found  post-inorteni  in  eases  of  gnulual  death.  If  the  circulation 
has  been  slow  for  a  eonsideniblc  length  of  time,  there  may  be 
found  more  or  less  gnjyisli  or  white  thmmbi  in  the  append- 
ages of  the  aurich's  or  in  tiie  ventricles  between  the  muscular 
■  trabeculiB,  especially  near  the  apex.  The  formation  of  thn« 
is  explained  by  the  gnidually  decreasing  nipidity  of  tlie  current 
of  IjIoikI,  whieli  leads  to  the  deposit  of  the  leuk«K-yte.s  and  blood- 
plaques  u|)on  the  endfKiirdiuni  ami  their  conversion  into  fibrin. 
The  color  may  be  almost  ci>nipletely  white;  but  if  tlie  current  is 
almost  stagnated,  admixture  of  r*'d  corpuscles  fn-eurs  and  pinkish 
or  quite  red  elots  {rurrttiif-Ji'll//  r/otM)  are  formed.  Of  this  latter 
sort  are  the  tliroiubi  formwl  in  tlie  heart  during  the  agoiud 
peritxl  and  |M>st-rnortem.  They  are  further  diptinguishetl  from 
the  tliroiid)i  formed  intra  ritam  by  the  fact  that  they  are  not 
closely  nttaelied  to  the  endocardium  and  between  tlie  trabecular 
muscles. 

Among  the  diseases  in  which  the  circulation  is  prone  to  li 
sluggish,  ami  which  are  frcqtiently  aecomjianiefl  liy  cardiac  throni' 
bosis,  pneumonia,  tuberculosis  of  the  lungs,  the  asthenic  fevers, 
and  diseases  of  the  muscle  of  the  heart  may  be  named.  Dilata- 
tion of  tlie  ciiambers  of  the  heart  and  canliac  aneurysm  lead  to 
throiiiliosis  by  their  effect  n|>ou  the  nipidity  of  the  circulation 
either  in  the  general  heart-<'avity  in  the  first,  or  in  the  aneurj-snial 
dilatation  in  the  second.  Among  the  endoeanlial  lesions  which 
occasion  throndiosis  the  most  important  is  acute  endocarditis.  In 
this  condition  there  is  habitually  r|e|Kisited  ^^Kyn  the  affected  part, 
of  the  valves  or  mural  endocardium  a  cii)i[Hng  of  fibrin  de|xisiteti 
from  the  blood  ))a.ssing  over  tiie  diseased  area.  In  chronic  end 
carditis,  esjH'cially  when  (Iktc  are  irregular  calcareous  dcjM)si 
rendering  the  surfiice  rough  and  uneven,  considerable  thrombotii 
deposit  may  occur. 

Pathologic  Anatomy. — Cardiac  thrombi,  formed  some  time  bef< 
death,  usually  appear  as  dejiosits  u))on  the  heart-wall  of  a  yellow- 
ish or  whitish  color  and  nitlier  lirndy  attached  between  the  muscu- 
lar tnioeeuhc.  Occasionally  they  have  a  stratified  ap|K'arance,  due 
to  the  fact  that  the  circulation  varied  in  nipidity  during  the  for- 
mation of  the  thrombi.  Se<'ondary  changes  are  not  rare, 
most  striking  being  softening  of  the  fibrinous  mass  in  places,  wi 
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Fra.  161— ThrnmtxMls  inordlM 
chamhoni.flhowliig  oyst-Ukeilruot- 
ore  (Urth). 


formation  of  cyst-like  cavities  varying  in  size  from  a  spli 
to  a.  oherr)'  (Fig.  161).  Sometimes  tliromhi  project  from 
endoeardiul  stirfaee  in  a  polypoid  form, 
and  these  may  present  the  upjic-.iraiiee 
of  rtbroiil  tumors.  A  ciiriuiis  form 
<K-eurs  in  the  auricles,  the  tiinmiliUB 
presenting;  itself  a.s  a  round  mass 
attaeiied  to  the  endocanlium  by  Hne 
pedicles  or  lying  entirely  free  (/>«//- 
Oirombi;  globular  thrombi). 

Lesions  in  Other  Organa. — Throm- 
bosis of  the  heart  may  oeeitnion  .-ierious 
disturbance  of  the  circulation  ljy  weak- 
ening the  heart-musele  or  by  obstruct- 
ing the  valvular  orifices.  Tlie  latter 
is  especially  ('umtiioii  in  tlie  eascf»f  tlie 
globular  thmmlii  rir  the  polypoid 
thrombi  of  the  auricles.     Passive  eon- 

.'Stion  of  the  various  organs  and  the 
londary  changes  due  to  this  con- 
dition follow.  Thrombosis  may  lead 
to  ant)ther  and  more  serious  danger,  that  of  embolism.  When 
portions  of  the  tliromims  are  broken  oft"  tliey  are  carried  into  tlie 
circulation  and  lo<lge  in  the  small  arteries  of  the  spleen,  the 
kidney,  the  bniin,  the  lungs,  or  elsewhere,  cau.sing  infarctions,  or, 
in  case  micro-organisms  be  present  in  the  original  thnimbus, 
raeta.static  abscesses  and  pyemia. 

Thrombosis  and  !Etnbolism  of  tlie  Coronary  Artery. — 
The  former  condition  is  iiiiich  the  more  common,  as  the  coronary 
arteries  are  frequently  the  seat  of  advanced  atheroniatfius  con- 
traction and  roughening,  which  predispose  strongly  to  thrombosis ; 
and,  on  the  other  hand,  the  mouths  of  the  coroiiiiry  arteries  are 
80  placed  that  emboli  are  unlikely  to  enter.  The  lf>dgcment  of  an 
embolus  seriously  compromises  the  iieart's  action,  as  has  been 
shown  e.^cperimentidly  in  aniiiuds,  and  marktMl  ]>atliologic  change 
is  therefore  unlikely  to  wcur  bel^>re  death  ensiles.  When  a 
partially  obstructing  embolus  linlgesor  a  thrombus  is  forme<l  there 
results  almost  complete  anemia  of  the  area  supplied  by  the  artery 
aftected,  and  in  (vinsequence  an  anemic  infarct.  The;  njuscle- fibers 
of  the  alfei'ted  area  become  hyaline  or  gmmilar,  and  <lo  not  take 
the  stain  when  snbjepted  to  onliiiary  histologic  exantination.  To 
the  naked  eye  the  diseased  jiortion  presents  itself  as  a  white,  and 
later  as  a  yellowish,  area  of  softening,  and  the  condition  is  s])oken 

f  as  myomalncia  eordUt.  It  is  found  most  frcfjuently  in  the 
anterior  or  posterior  wall  of  t!i<!  left  \'ent ride,  near  the  a[)e.v,  from 
the  fact  that  the  descending  bnincli  of  the  left  i;oronary  artery  is 

ost  commonly  involved.     Next  in  frequency  to  these  points  the 
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anterior  ]3<jrtii>n  of  the  s('j)tum  i:*  found  to  be  aflfected.  Small 
arciis  mil)'  heal  l>y  !vb.sorj>tiun  of  tlif  di-gencrated  tissue,  and  In 
intittration  ami  prolifcriitioii  of  connective  tissue.  In  this  niannir 
a  st^ir  is  inrmed,  wliicli  may  remain,  or  may  subsequently  lead  lo 
aneurysmal  dilatation.  On  tlie  otlier  band,  rupture  of  the  Lt-urt 
may  be  ot'i-asionctl  either  with  or  witlmtit  ibe  formation  of  an  acute 
aueurj-smal  dilatation  at  tlie  degenerated  area. 

DISEASES  OF   THE    ENDOCARDIUM. 

INFLAMMATION. 

Inflammation  r)f  the  endoeanlitim,  or  endocarditis,  may  bo  acute 

or  clironic,  though  the  latter  is  in  most  ciises  merely  a  eontinuatiim  ^ 

of  tbe  former.  H 

Acute  endocarditis  affects  tlie  endo<>ardiun»  of  tbe  valves  ^ 
in  tbe  great  majurity  <.>{'  eases,  but   it  is  sometimes  found  in  the 
endueardiiim  of  the  cavities  of  the  heart,  when  it  is  spoken  of  as 
mural  endocarditis.  j 

Etioloery. — Eudoeanlitis  is  pnuticiilly  always  a  secondan-  pro-  ■ 
cess,  an<l  is  in  nearly  all,  if  not  all,  cases  due  to  the  action  of  ^ 
micro-orgiinisms.     C'old   and   tnuimatism,  u|xin  which   the  oldt-r 
writers    insisted    as   cjuisal    factors,    act    merely   as    predisp<)sing 
causes.     Emlix-urditis  wears  most  IVerjuently  in  association  with  , 
acute   articular    rheumatism.     Next  to  this   cause    scarlet   fever,  j 
pneimionia,  and  pucq>eral  sej>sis  are  most  important,  but  in  any 
case  of  suppurative  or  infectious  disease  endocarditis  is  a  jxissibk 
com]ilication.     It  occurs  at  times  also  in  Bright's  disease  and  in 
conditions  of  great  malnutrition,  such  as  carcinoma  and   certain 
nervous  affections.     These  cases  have  been  cited  as  o]>posing  the 
view  that   endocarditis  is  always    infections   and    due  to  micro- 
orgsuiisms.       It   may    be   that    toxic    substances    resulting    from  ■ 
improper    metabolism    act    upon    the   end<x'anlium  as  do  micro-  ^ 
orgiuiisms,  or  tliat  portions  of  the  endocardium  suffer  degeneration 
as  a  result  of  depresse<l  nutrition,  but  it  is  also  jM)ssible  that  ter- 
minal or  intercurrent  infection  from  some  hidden  source  may  occur 
in  these  chronic  diseases,  with  resulting  endocartlitis.  fl 

As  to  the  mienvorg-anisms  themselves,  the  most  important  are  ™ 
the  Stuphylococaifi  pyogenes  atirmx,  the  Streptococcus  pyogenett,  and 
(he  Dlplncniviitf  imriiiiiotiirr.  But  there  are  many  forms  which 
have  been  less  fre(|uently  detected.  Among  such  are  tbe  Staphy- 
ioeoccus  pyogenes  albtis,  the  MierocmxMis  endo<>arditidis  capsufatiis 
and  rupitus,  the  Baeilbis  endi»canliti<lis  griseus  and  capsulatus, 
Bacillus  pyogenes  ftetidus  or  Bacillus  coli  communis,  the  I^u-illus 
diphtheria',  the  Haeillus  aerogenes  cai)sidatus  (Welch),  or  the  Iweil- 
bis  of  .-\chalme.  and  the  bacillus  of  typhoid  fever.  The  tuben'le- 
bacillus  has  been  found  in  a  few  cases,  but  it  is  generally  belie 
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th:it  its  presonce  is  explaiiialile  as  a  secoiKlary  tk-pusit  ratlii-r  tliaii 
as  the  cause  of  the  endwarditis.  Recently  tlie  irnnoeoceiis  lias 
been  recognized  as  one  of  the  organisms  cajuilde  nf  causing  endo- 
carditis. 

The  niicro-«irganisnis  rcaeh  the  jmint  of  disease  fnim  tlie  Mood 
passing  over  the  (■n<I(ii'aririuin,  and  unt  through  tlif  mronarv  eir- 
culation.  This  is  proved  by  the  laet  tiiat  the  aortic  and  puiiiio- 
nar\"  leaflets  are  frequently  involved,  and  they  are  not  supplied 
with  ldoo<l-vessels,  and  also  hy  the  expcriimiital  priMltietion  of 
endoearditis  hy  injeetions  of  tuiero-org:iuisins  into  the  hlood  after 
the  valve  has  heen  rneehaiiically  injurcil.  lu  such  i-ases  there  is 
a  direet  deposit  of  niiero-nrgauistns  upon  the  heart-valves. 
I  Pathologic  Anatomy. —  It  is  eustornary  (o  distinguish  two  varie- 
tifS,  a  simple  or  vvrrumne,  or  hetiigu  iiuloi-ardilis,  an<l  an  ulcrmtire, 
septic,  intfeoiir,  diphlheritic,  \\r  uialignaut  forr)! ;  hut  it  seems  nii- 
nocessary  at  tlie  present  time  to  mnintain  strietly  such  a  distiiietiniK 
The  eases  vary  in  anatouiii'al  ap|n'araiirr  and  in  malipiiam-v,  liut 
there  is  no  essential  dilferenee  ami  on  sharp  dividiiig-liue. 

The  most  common  seats,  in  order  of  frequency,  are  the  mitral 
valve,  the  aortic  valve,  the  [luliuonary  valve,  and  the  endocardium 
of  the  left  veutricle,  the  left  auricle,  and  the  right  ventricle.  The 
rart  of  the  valves  first  involved  is  a  line  running  across  the  leaf- 
let at  about  a  distance  of  2  tntu.  from  the  free  cilgc.  It  is  along 
this  line  that  the  valves  impinge  in  chisiug,  and  it  is  prohahle 
that  the  meehanieal  injury  sustained  pniiispuscs  to  endocarditis. 
In  the  cavities  the  lesions  are  l'rei|Ueutly  found  upon  the  ehordse 


Fto.  1C2. — P*rtlnn  through  n  seimiCTit  of  the  anrtic  valve  nnrt  ndjncent  parts  tif  the  aortA 
tt«l  honrt,  flhuHtiiK  \t'K«-"lfttt»in»  r.n  the  anrtic  valve  unauntlletl^ ;  b,  aurtie  viilve  scKnient; 
'r,  c,  Tegetatlona  ;  /,  i-iucari'oii8  jiarticltis  in  the  tittso  i>f  llie  aortic  viilve  (HramweUi. 

tendinejB,  and  of  the  jmrts  of  the  nuiral  entloeardimn  proper  most 
apt  to  be  aflfectetl  may  he  mentioned  the  p(U-tion  i>f  the  left  ven- 
tricle near  to  the  septum  and  tlie  aitrtic  valves,  and  the  endocar- 
dium of  the  left  auricle  on  the  jiosterior  anil  outer  wall  above 
de  posterior  mitral  leaflet. 

2.1 
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The  first  appi-aniiuu'  of  endiK'arditis  is  that  tif  an  area  of  opacitv 
or  plight  roiif^liiu'ss  cxtt'iuling  in  a  line  across  the  valve  or  involv- 
ing the  enilucanliiini  elsewhere.  Later,  small  nixlMlar  elevation*, 
nut  unlike  a  mw  nf  sinall  licnds,  may  form  ;  anil  finally  there  is  a 
tlistinet,  irregular,  an<l  wart-like  fihrinoiis  elevation  (Fig.  I(j2).  To 
<'ases  ot'  this  elianirter  the  name  vcrniccme  cndm'ariUti«  has  heen 
given  ;  or  from  tin-  usually  benign  eharacter,  the  name  .«imple 
endoennlitis ;  or  from  its  most  frequent  cause,  rheumatic  cmlo- 
eanlitis.  In  otlier  rases  the  mass  of  filirinous  deposit  is  more 
ahundaut  (.Fig.  163)  and  more  irregular,  while  in  still  others  the 


Fio.  163— Eudo««rdltl«  of  the  nortic  nnd  mifrni  T«lve»,  shnwltiR  vciKtatloiM  Cfibrlii- 
depoaits)  of  considerable  aizc  (Kost  and  Kuiiiiiel). 


deposit  of  fihrin  docs  not  take  place,  or,  if  so,  is  soon  detached, 
while  necrotic  changes  occur  in  the  endcx-ardium,  leading  to  the 
formation  of  irregular  ulcers.  Seoondarj-  deposits  of  fibrin  may 
cover  an  ulcer  ai"ter  its  formati<in,  or  its  etlges  may  be  heaped 
witli  fibrin ;  and  not  rarely  the  active  necrotic  pnx-ess  in  the 
endocardium  is  not  vi.sible  until  the  fibrinous  coating,  which  is  ^ 
usually  considenible  in  such  ca.scs,  is  removed.  These  forms  of  fl 
endocarditis  are  those  that  have  Iwen  termed  vialujvirnt,  diph- 
fhrridc,  nrjith;  mi/rnlir,  or  Hfrrraf!rr.  They  are  especially  fret|uent 
after  puerperal  sepsis  or  other  septic  diseases  and  in  pneumniiiH, 
but  there  is  no  well-established  dividing-line  between  the  benign 
cases  and  the  severe  c«.ses,  either  in  etiology,  in  morbid  anatomy,! 
or  in  the  clinical  course  and  termination,  so  that  I  prefer  to  re-j 
giirfl  them  as  varying  grades  of  the  same  general  process. 

Microscopically  the   endocardium   beneath  the  coat  of  fibrin ' 
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shows  cletwjtiiituation  nf  the  fiulothcliiil  ('olls,  with  frequently  some 
hyaline  <legen<Tiiti<iii  or  ctKifjiiliitioiv-iiccrosis  of  tlic  latter.  Belmv 
this  there  are  roinul-eell  ii)(iltrutit)U  ami,  as  the  p^>t•e^l^!  eontinues. 
proliferation  of  tihmlilastie  eells.  'Die  iiliriiuai.s  eoveriuf;  of  llie 
valve  itself  cunpists  of  flakes  or  fjr.miilar  musses,  or  :i  fibrillar  net- 
work. By  the  pro[)er  stainiiig-nietliotls  masses  of  haeteria  may 
frwjuently  he  liemonstnited  in  tlie  siijiertieial  layers  of  tlie  eniltn 
eartlitmi  or  in   tin*  tihrinfiiis  ileposit. 

The  sirnpli-  ilifl'crs  from  tire  uuiii^iiimt  furnis  of  einlocarditis 
merely  in  the  lessiT  aetivity  of  the  necrotie  ehaiiges  in  the  eudo- 
tiieliuni  and  the  i;reater  promineiieeof  rejmnitive  processes  (round- 
cell  infiltration,  proliferation  of  eoimeetive  tissue). 

Results. — .Simple  endtH'anlitis   may  he  healed  hy  the  gradnal 

,  Itbsorption  or  hreakinj.;  off  <if  the   fihrinoiis  deposit  and   it.s  dis- 

^fleniination   in   the  eirciiliitiori.  with  eoineident    thiekeiiing  of  the 

endoesinliimi  at   the  point  of  disea-te   hy  the  formation  ^)t'  fibro- 

blastie  cells  and  selen»tie  eouneetive  tissue.     When   the   process 

Lb   very    limite<l,   and    espeeially  when   the   mural    eiulocanlium 

afTeotetl,    merely    a    white    s|>ot    of  thickenintr  fin    the    eiido- 

tiium    results.       When    the    pnx'e.ss    is    ileep    there    may    he 


Fio.  lU  — Anenryra  of  the  milral  v»lve,  with  rupture  of  the  vulve-cunp,  seen  IVoin 
the  aurlcnlftr  sarfitce :  n.  waH  of  left  auricle :  h,  anterior  srftment  nf  the  mitral  valve,  tha 
chordic  t«ndin«:<:  have  been  cut  short;  c,  aneurysm  with  irianRuliir  ojienlng  (lirainwell). 


<lerided  distortion  bv  eontraetion  of  the  new-formed  connective 
tissue.  When  the  depo.«it  of  fihrin  is  larye  it  freipiently  nnder- 
g»jes  caleifieation,  and  rcnuiius  as  an  irreyiitar,  caleareous  nias.s 
attaehetl  to  the  valve.  In  the  severer  or  malitriiant  eases  destnie- 
tion  of  an  entire  valve  or  of  f>ne  of  the  ehonhe  tendinese  may 
occur.     When  one  of  the  layers  of  tlie  valves  alone  is  {wnetrated 
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acute  valvular  aneunsm  may  he  fornu-*!   bv  a   pjuching  of  tli# 
otlifr  layer  of  the  valve  (Fig.  164). 

Munil  cudocjirditis  of  nialiirnant  tyjK'  may  lead  to  myocarJiti? 
of  a  |iunilt)it  rliann'tLT,  ami  may  «'veii  penetrate  to  the  pericardium 
ami  fSft  u|i  a  jmrulrnt  jwricarditis. 

Lesions  in  Other  Organs. — The   most  .serious  dsinger  of  enili>- 
wirditis  is  fiiiholisin.     Small   irajiincnts  of  the  fibrinous  dejMjsits 
arc-  liable  to  be  carried  ofl'  into  the  jK'ripher.d  cireuUitioii,  and  in 
ulcenitive  j-ases  frM<rniciilso('  liie  valves  tiieruselves  may  be  h:>  i-no-  mL 
vevcd.     Tliev  are   prone  io   lixlire   in   the  arteries  of  tiie  splcru,  H 


[iroue    111    liMljre 

I   bi'aiii,  liirmiiiii   l)enioi-rlia<rie   iiifaret.s  or  nietji*tatir 
riirdiii":  ui  the  nou-infective  or  infective  character  of 


kidneys,  am 
al)scesses,  ae 
the  emiiolus.  | 

Chronic  Endocarditis  usually  aft'eets  the  valves  of  the  hentt 
and  leads  to  the  di>tortiuiis  nf  the  valves  coustitutinj;  ehnmic 
valvular  lieart  disease.  Clinieally,  there  are  sij.'us  of  dislurbamt>, 
and  eventually  uiore  or  less  eoniplete  failure  oi'  the  cirouiatiiin. 

Etiology. — Climuie  eiidoearUilis  may  be  nterely  the  eontinuatino 
of  acute  eiHloeanlitis,  or  it  may  oeeiir  as  an  insidious  ])n)cc!*, 
chronic  from  the  outset.  In  the  former  grouj*  of  cases  the  rauHS 
are,  of  cnurse.  iIhisc  of  acute  eudoi'sirditis,  and  it  is  jKirticularly 
the  rheumatic  form  that  is  likely  to  pa.sson  to  a  chrouic  conditimi. 
Tlie  severer  grades  of  acute  endocarditis,  or  those  i-onuiiouly  sjviki'ii 
of  as  malifiuunt  eudm-arditis,  ari-  usually  fatal,  though  o<-casionallv 
they  may  terminate  by  reparative  overgrowth  of  fibrous  tis.«ue.  The 
groni)  of  c:i>i's  ill  which  the  diseas<'  is  chronic  from  the  start  li:i* 
miicli  in  common  with  arteriosclerosis  and  atheroma,  as  far  as  etiul- 
ogy  is  enn<'eruetl.  These  cases  occur  more  freciuently  in  persons  of 
advanced  ye.irs  and  in  those  whos*'  occupation  h!i>  been  laborious. 
Chronic  alcoholism,  gout,  lead-p<iisoning,  .sivjihilis,  and  diabetes  are 
among  the  rc<'ogni/,ed  causes.  Not  rarely  the  endm-jinlial  disease 
is  sceondnry  to  the  arteriosclerasis,  an<l  it  may  lie  directly  ifue  to 
it,  resulting  from  the  constant  elevation  of  blood-ju'essure  due  I^ 
that  disease.     Laborious  occu])ations  act  in  a  siniilar  manner. 

Pathologic  Anatomy. —  In  brief,  the  changes  that  oecur  in  tlic 
endocarditun  arc  overgrowth  of"  fibrous  tissue,  causing  thickening 
with  subseijuent  eontniction  and  distortion  of  the  valves.  Tbi 
chordie  tendinea>  are  fret|Uentlv  involved  and  become  convortt-d 
into  sclerotic  cords  of  a  whitisii  color,  and  less  frequently  wliitf 
elevations  are  seen  upon  the  nmral  cndoeardiimi. 

Microscopically  there  arc  inmid  the  characteristic  apiK'aranc(-s 
of  ncw-fVirnicd  connective  tissue  with  occasionally,  in  the  •'arlier 
stages,  the  appeanmces  of  gnimilat  ion-tissue.  New-formed  WikkI- 
vessels  niav  he  tburnl  within    this  tissue,  though   frequently  thes<' 


I 
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and  fatty  «U'»rfnoratinu  tiikc  pljuv,  iiml  tlrore  may  thus  be  formed 
beneath  the  endtH.-artliat  siirfiier  a  lesiun  sonii'wluit  rcsmililing  a 
miiinte  abscess.  Tliis  may  rupture  ii|kiii  tlie  cnihwanlial  Mirface, 
fcirniiiig  a  so-called  atlKToiiMitinis  ulcer,  iifxiri  wliu'ii  fibriiuKis 
deptjiits  may  coih-et ;  or  it  uiay  be  slowly  inspissated  and  eon- 
verted  into  a  calcareous  ]iatch.  In  cjises  in  vvliii'b  acute  eiido- 
canlitis  with  thrombotic  deposits  passes  into  elirouic  endoeanlitis 
the  fibrinous  masses  of  the  surface  may  be  rendered  calcareous  at 
the  same  time  that  the  sclerotic  processes  arc  t;ikin<r  place  in  the 
valve.  Subsequently  the  siine  dejreuer.itive  r-ii;tni:i's  and  calcifi- 
•■^tion  may  iwcur  in  tlie  tissue  of  tlie  vaive  itscH',  as  are  seen  in 
the  atheromatous  form  of  tlie  disease.  In  tbe  late  stages  it  is 
ofl«n  quite  imjwssible  to  determine  wlietlier  the  case  began  as  an 
acute  entlocanlitis,  or  whetlier  it  was  chronic  from  the  (irst. 

The  sejjments  of  the  valves  are  frequently  givatly  shortened 
and  roumled,  so  that  they  beeoine  Tuere  stnii)j)s,  or  tiiey  may  be 
curled  u|Xjn  themselves  or  drawn  back  and  liruily  adlieretit  to  the 
wall  of  the  aort;i,  pubnouary  artery,  or  tiie  ventricular  cavity. 
The  individual  sejjfments  may  be  aj^jrhitinated  and  united  as  a  ring 
or  diaplira>rui  projecting  from  the  valvidar  orifice. 

The  valvular  t'unetion  is  interfered  with  in  two  ways  :  first, 
obstructi<jn  may  be  oH'ered  to  ll nllow  <>i'  bliHHl  by  tbe  ri^rid  pro- 
jecting valves  and  c<intraeted  oriliee,  ;i  i-nrnlitiou  to  which  the  t<'rra 
strn'iMi*  is  a[>pii<-d  ;  or.  on  llieotber  hand,  the  valves  may  be  so  dis- 
torted, shortened,  or  drawn  backwanl  tliat  they  are  no  lonij:erable  to 
ch>se.an<l  inmffidntcii  results.  The  semilunar  valvesare  ])articularlv 
prone  to  be  shortened  ami  thickened  and  recnrved  and  insnlliciency 
is  therefore  most  likely  to  occur.  The  mitral  valve  is  friTptently 
thickened  and  converted  into  a  funnel-like  formrUion  by  agirbitina- 
tion  of  the  e<lges  of  tbe  anterior  with  tliose  of  the  pip«terior  se<:nient. 
There  may  thus  be  merely  a  slit-like  cu-ifiee  (button-bole  nutral), 
which  occasions  great  obstruction  to  the  outflow  of  blr»od  from  the 
auricle.  S<)mewh:it  similar  changes  are  met  with  at  tbe  tricuspid 
valve.  The  pulmonary  valve  is  nirely  atl'eeted  in  later  life,  but  is 
sometimes  the  seat  of  fetal  endocarditis,  leading  to  (lermaut'nt 
changes. 

Resulting  Changes  in  the  Heart. — Tlu'  valvidar  defects  can  be 
oven-ome  in  oidy  one  way — by  increase  of  tlic  piwcr  of  tbe  beart- 
mu.scle.  HyjK'rtrophv  is  therefore  tbe  natural  rcsidt.  Tliis  alfects 
first  the  cavitv  upon  which  excessive  work  fidls  as  tbe  result  of 
the  regurgitation  ot'  bliMwl  in  cases  of  insulfieieney,  or  as  tlie  rcsidt 
of  the  excessive  strain  placed  upon  the  heart-wall  to  torcc  the  bhiod 
through  the  narrowed  orifice  in  stt^nosis.  The  amount  of  hy])er- 
troj>hy  varies  with  the  condition  of  the  general  heahh  of  tbe  indi- 
vidual and  with  the  seriousness  of  tbe  licirt-lestou  itself.  When 
the  general  health  is  good  then'  is  apt  to  be  eommensiirately  ade- 
qtiate  hypertn>phy,  and  when  tbe  lesion  is  not  of  suthcieut  gravity 
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to  iiit<'rfcrp  \\\\\\  tlif  circiiliitioii  in  tlit-  coronun-  arteries,  and  the 
heart  is  therefore  etmstantly  i>ii])]ilie<!  with  a  suffieieuey  of  hined, 
hypertropliy  is  well  maintained.  Eventually  as  the  result  of  i-on- 
tinued  overwork  aiid  of  tontiniiniisly  iiiereasin^  eiiibarrassnieut  of 
the  eireiilatitjti  or  of  intereurrent  diseases,  the  lieart-niusele  snfti-rj 
fatty  or  tilmiid  degenemtion,  the  cavities  dilate,  and  tlie  circulation 
fails. 

Changes  in  Other  Organs. — The  jwi-ssive  congestions  result- 
ing from  faihiri'  of  tin'  fuiisele  of  the  heart  are  often  extreme,  aiitl 
may  lead  to  prnfmmd  I'hanges  in  various  organs,  notably  the  liuiip, 
liver,  and  kidneys.  These  arc  disr'ussed  in  the  ap])ni])nate  sections. 
Kmliolism  is  a  not  ini'reipient  accident  in  i-hronie  <Mid<H-anlitis,  the 
endioli  lacing  parts  of  the  valvular  dcjwsits  or  parts  of  thromhi  in 
the  cavities  ot'  the  heart. 

Pathologic  Physiology. — Eudwiirditis,  acute  aud  chronic, 
leads  to  various  tlisturbances  of  the  eircnlation  and  of  the  general 
health.  In  acute  emhicanlitis  the  lesions  may  hecorne  the  cenK-r 
of  di.-iScniination  of  infectious  material,  anil  the  disease  inav  nin 
its  course  witli  all  the  inanitestations  of  an  obscure  septicemia. 
This  is  particularly  true  of  the  ca.ses  usually  designated  as  nialip- 
nant.  Serious  disturbance  of  the  heart-action  occurring  in  acute 
ca.ses  is  soiuetinies  ditlindt  to  explain.  The  lesion.s  u))on  tlif 
valves  may  he  seemingly  very  insignificant,  and  yet  the  heart  luaf 
i)e  very  irregular  in  action  and  exceedingly  weak.  In  jiart  tlii> 
may  be  retlex  aud  in  part  it  is  piTdiahly  the  result  of  a6!?oci:u«<l 
disea.se  of  the  myocaitlium.  Some  recent  investigatious.  made 
aceortling  to  modem  meth<HLs,  have  .shown  the  hcart-nius<'le  iuipli- 
cated  more  ollcn  than  has  been  susjiccted.  Acute  iny<">canlitis  aini 
di,sea.'*es  of  the  lilotrtl-vcsscls  of  the  myocardium  (thronibo>is)  have 
been  disi-ovei-ed. 

Chronic  endocarditis  (valvular  di.sease)  occasions  more  or  less 
protinind   mechanical  disortlers  of  the  circulation.     Tiie  .severity 
of  these  depend  ujion  the  condition  of  the  heart-nnisein  more  than, 
u])nn  the  severity  of  the  valvular  lesion.     There  is  always  a  ten- , 
dciiey  to  compensatory  hypertropliy  of  the  heart-mu.scle,  and  for» 
time    this    may    sniticc   to   avert  .•serious  disturbances ;    but  with 
hypertropliy  there  is  always  degenerative  change  i  fibrous  mvocar- • 
(litis,  and  later  fatty  degencKition),  as  a  result  of  which  the  canlinc  I 
power  eventually    fails,  and   .symptoms  of  venous  congestion  d("- 
vclop.     The  degree  of  liyj)ertro|(hy  an<l  of  dcgcnenitioti   depend*] 
upon  the  nature  anil  .severity  of  tlie  valvular  lesion,  upon   the  a);e  j 
and  general  condition  of  the  individual,  and  upon  associate*!  l(K-aI 
conditions,  such  as  disease  of  the  coronary  artery. 

When  compensation  fails,  the  various  organs  of  the  IhrIv  sufttrj 
congestion.     The   lungs  are  first  afl'ected   in  disease  of  the  left 
heart  (mitral   aud    aortic  di.sease).     Tlie    capillaries   of    tlie    pul- 
monary alveoli  become  over-full,  and  encroach  Ujiou  the  lumen  of  , 
/ 
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the  alveoli,  or  by  elonpition  stretch  tlie  alveolar  walls  ami  ri'inlcr 
them  inelustie.  In  either  case  proper  respiration  is  preventeil — a 
condition  which  is  further  aitlcd  bv  the  retarded  pulmonary  circu- 
lation. As  a  result  of  these  conditions,  dyspnea  (eartliae  tisllima), 
cou<|;h,  and  expectoration  develop.  In  extreme  <-a,ses  edematous 
exudation  takes  place,  and  in  lonjyr-continned  cast's  oyanntic  in- 
duration of  the  iutifj;  occurs.  In  such  instances  tliore  may  lie  con- 
tinuous cough  and  respiratory  insufficiency. 

When  tlie  ri^lit  lieart  fails,  the  liver,  spleen,  gtistro-intestinal 
muco«i,  the  kidneys,  and  the  j>eri]>]ieral  circtdation  sutt'er  conges- 
tion. The  liver  may  become  greatly  engorged,  and  in  certain 
ca>5es  (tricuspid  regurgitation)  actually  pidsates  with  each  ventricu- 
lar systole.  The  swollen  liver-cells  and  the  engorged  vessels 
cause  obstruction  of  the  biliary  capillaries,  ami  consecjuently  pro- 
duce jaundice.  To  some  extent  this  may  be  due  to  associated 
congestion  of  the  biliary  channels.  Congestiim  of  the  gjistro- 
intestinal  mucosa  may  occasion  variuus  fi>rnis  of  gastric  or  intesti- 
nal <lerangenient. 

Metabolic  disturbances  of  various  sorts  may  occiu"  in  eon- 
sequence  of  the  ini[K'rfect  circulatiipn.  The  respiratory  exchange 
of  gases,  in  some  eases  at  least,  is  reduced,  llmugh  the  degree  of 
cyanoei-s  csmnot  lie  taken  as  an  index  uf  the  ndiiced  oxidation. 
In  man  <'yani»sis  is  dejwndent  upon  stagnation  of  circidation 
nither  than  reduced  oxidation.  The  prwiucts  of  nK'tabnlism 
excreted  in  the  urine  may  indicate  the  reduction  in  oxygen  in 
the  tissues.  The  metabolic  consumption  of  the  proteids  of  the 
hotly  seems  to  be  increased,  but  the  explanation  of  this  fact  has 
not  yet  bet>n  satisfactorily  determined.  Some  regard  it  as  a  con- 
sequence of  molecular  necrosis  due  tti  insufficiency  of  the  supply 
of  oxygen.  Tiie  excretimi  of  nitrogenous  elements  may,  however, 
be  reduced  wiien  transudates  are  forming.  This  is  due  to  the 
storing  up  of  metabolic  prmlucts  in  the  transudates.  The  urine 
may  present  albumin  as  a  result  of  chronic  congestion  and  second- 
ary renal  disease  ;  the  hepatic  functions  are  disturbed  bv  congestion 
and  jaundice  may  result ;  and  in  the  more  severe  instances  hyiiri> 
bilinuria  fx-curs.  The  condition  of* the  bhwid  is  of  s])ectal  inter- 
eat.  During  periods  of  failing  compi'usatiim  the  concentration  of 
the  blood  is  in(Tea.sed  or  normal,  and  the  number  of  blood-corpus- 
cles may  be  excessive.  In  part,  at  least,  the.se  conditions  are 
explained  by  the  assumption  that  the  corpuscles  are  retained  in 
the  peripheral  parts  of  the  I'irculation  in  greater  measure  than  the 
fluid  elements  (see  Polycythemia).  When  the  carfliac  compensa- 
tion is  well  maintained  some  anemia  may  be  apparent,  especially 
in  cases  of  aortic  disease. 

Disturbance  of  the  rate  or  rhythm  of  the  heart  is  not  infreijuent. 
The  rate  is  usually  more  rapid,  but  in  aortic  stenosis  it  is  slow. 
lis  is  a  conservative  process,  as  it  enables  the  ventricle  to  dis- 
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charire  itf?  onntonts  throufrli  the  narrowed  t)rirtco.  Arrhythmia  is 
trentTallv  jirajwrtioncd  to  the  fjradL"  of  (It-jjeni-ration  ot'  thi-  iiiiwle 
of  thf  heart,  and  is  especially  marked  in  cases  in  which  the  walls 
of  the  aiirielep  are  involved.  The  attempt  to  connect  disorders  of 
riiythiu  with  disease  of  the  intracardiac  ncrvows  mechanism  lias 
thus  far  failed  of  demonstration. 


CIRCULATORY  orSTURBANCES. 


Anemia  of  th 
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anemia.  It  may  iMeiir  in  eases  of  narrowing  or  obstruction  of 
the  eoninary  arteries,  and  it  may  lie  the  resnlt  of  the  pressure  ni 
peril-arc liul  effusions.  When  long  euntiuued  it  leads  to  fatty 
dicfi'uer:itii>u  of  the  heiirt,  but  is  it.self  of  little  consMjuence. 

Hyperemia  of  the  heart-musele  may  occur  when  there  k 
olistiMU'tiiHi  tn  the  return  of  the  bluod  to  the  ripht  heart  thnjugh 
its  veiicHis  chtumels.  It  may  be  )iart  of  a  jreneral  hyperemia  in  a 
failiii'j:  I'onipeusiitiiiu  of  valvular  <>r  iniiseular  diseases  of  the  heart, 
Thi-  iieart-nnisrle  asstunes  a  (lark-red  color,  and  the  veins  are  seen 
under  the  epieardimu  as  dilated  bluish  vessels. 

Hemorrhages  in  the  heart-muscle  may  result  from  ob- 
strnrtiou  i>f  the  eorouarv  arteries,  when  the  hemorrhajj^e  assumes 
the  form  of  an  infan-t.  There  mav  also  be  hemorrhages  in  casis 
of  intense  myocarditis  or  siUToundinir  abscesses  of  the  heart-nnis- 
cle,  and  finally  ]»oints  or  streaks  of  lieiiiorrhaf^ic  infiltnition  may  \>e 
seen  between  the  nuiscle-tibers  in  persons  who  have  died  wth 
some  form  of  hemorrhagic  diathesis,  from  sepsis,  or  from  various 
intoxicants. 

DEGENERATIONS. 

Parenchymatous  degeneration,  or  cloudy  swelling  of  the 
heart,  was  designated  by  Virchow  as  parenchymatous  myocanlitis 
It  is  essentially  a  degen<'nitive  process  and  should  be  sf>  tleserilKil, 
thoutrli  it  forms  a  not  inconsiderable  |)art  of  tlie  pathologic  changes 
occurring  in  tlie  heart  in  acute  myocanlitis. 

Etiology. — The  immediate  cause  is  infection.  It  is  met  \nth 
in  the  course  of  diphtheria,  typhoid  fever,  scarlet  fever,  rlieuina- 
tisiii,  and  other  infectious.  It  may  be  that  elevation  of  the  teni- 
jieratiire  alone  suHiees  to  bring  it  about,  and  in  these  cases  no 
doubt  abnormal  substances  resulting  from  dis<jrdered  nietabolisra 
are  the  direct  toxic  agents,  liut,  as  u  rule,  it  is  the  specific  to.xin  of 
the  infections  that  occasions  the  myot-ardial  disease.  Ij<>calize<l 
parenchymatous  degencRitiuu  may  be  foinid  in  the  heart-fibers  ad- 
jacent to  areas  of  eiulocarditi.s  or  pericanlitis,  and  tloubtless  the 
same  etiologic  factors  are  at  work  in  this  as  in  n;ore  gi'iieralized 
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aff'et'twl.  As  a  rule,  jianTicliyniatoiis  (Icm'ni'ratiiPii  oi-ctirs  ii>  a 
«litrii<o  ])riK'fi<.s,  l)iit  tliciv  may  lie  only  limiti'il  juviis  liiTf  and 
there.  Tlie  iiiyooardiiiiii  heronifs  pale  in  coliir  arnl  nlU'ii  lias  u 
turbid  apjM'araiK-i; ;  it  i.s  .softer  than  normal,  the  lieart-ualls  are 
usually  flabby,  and  the  cavities  sfMuewhat  dilated.  Mierusciij)- 
ioiilly,  the  fibers  are  f'nund  tn  be  tilled  with  fine  <:niiHi!e.-;  nf  albii- 
niiiiou:;  naturi',  wliieh  may  I'limph'tely  nljM'iin'  the  .-triatiun^i  and 

I  even  the  iiuelei,  but  whieli  itiav  be  cleared  ii|)  bv  tlie  aihlilinii  ut' 
aeetic  aei<l.  Multi)>lieatiiin  nl'  the  nnclci  and  n>nntl-eell  inHltni- 
tion  of  tlie  interinii^eiilar  eonneetive  tissne  may  be  iibservetl,  bnt 
these  are  infiamniatory  ehautres  r.itber  than  defrenenitive,  ami  aiv 
not,  theredire,  strictly  a  part  of  the  diseii.se  in  i|ne.>-tion.  Par<>n- 
chymatous  detjenenition  niav  iie  ciitnplir'atcd  bv  a  tbrni  of  hvaline 
<lcj;eneration,  the  att'ected   Hbers   bccniniii^;  eimvertcd   into  e\lin- 

idei-s  of  waxy  apjK'anniee.  \\licn  eloufly  swell injr  persists  fatty 
dejjeneration  is  niten  the  terminal  change. 
Amyloid  degeneration  n  stdts  fntm  the  eaiises  whieh  iudtiee 
aniyloiil  disease  in  other  onjuis.  It  is  iutt  infretjiientlv  fonnd  in 
minute  area.s  here  and  there,  but  oidy  ranly  has  it  !»■(  ii  seen  as  a 
widespre-ad  proecss  aH'ettiny  the  i-onniitivi'  tis>iii'  between  the 
niii«cle-fil)ers  and  beiie:itli  the  ctidMcardimu  and  perieanliinn.  In 
.such  cjises  the  same  wa.\-like  appearanei,'  is  .seen  as  in  the  liver  or 

•  spleen,  and  the  ehar.ieteristie  reaetion  witli  indin  may  be  denion- 
etn»to(l. 

Hyaline  degeneration  is  sometimes  associated  with  amy- 
loid, and  trives  rise  to  a  glassy  or  waxy  transfiirmation  of  tiic  con- 
Inective  tissue.  It  is  usually  .m-ch  in  small  areas,  bnt  may  be  tjtiite 
widespread.  Zenker  deseribed  a  form  of  hyaline  di.sease  ol"  the 
mu.sele-fibers  themselves  a.s  oeenrring  in  typhoid  and  other  infec- 
tious fevers,  ami  atieeting  the  heart-rimscle  as  well  as  the  nmselcs 
of  the  abdominal  wall.  This  is  nsiialiv  assot'iatcd  with  parcnchv- 
niatous  degeneration  and  occurs  in  limited  arc.i<.  ]\Iiero.-eopica!lv 
there  may  be  seen  small  hyaline  masses  or  globular  areas  embeddetl 
vin  the  mus<-le-fiber,  the  rest  of  the  fiber  showing  tlic  appearances 
Hof  cloudy  swelling. 

f  Fatty  infiltration,  or  obesitas  cordis,  is  but  an  increase 
of  the  normal  condition,  in  the  imrnial  heart  there  is  a  certain 
amount  of  fatty  deposit  beneath  tiie  epicardimn,  e-peciaily  in  the 
furrows  and  along  the  lines  of  the  blood-vessels.  In  di.sease  this 
may  becrime  enormously  increased  and  tliere  may  be  penetration 
of  the  adipose  tis-sue  into  the  wail  of  the  heart  between  the  raus- 

*cle-filiers,  sometiine.s  as  far  as  (he  subendocarilial  fibrous  layer. 
Etiology. — The  causes  are  those  whieh  induce  gcnend  obesity. 
Thii.-,  it  tuay  b;-  the  eonsc((iicncc  of  an  hereditary  tendency  or 
♦•cdentary  habit.s,  with  overeating  and  drinking  ;  it  is  more  com- 
mon in  advanced  years  than  in  early  Hie.  Very  frequently  it  is 
met  with   in  women  who   have  grown  stout  at    the   nu-nopause ; 
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somotiriH'S,   however,  cniisiilerjil>le  deposit   about   the   heart 
occur  in   persons  otherwise  presenting  no  tendency  to   fatne» 

Pathologic  Anatomy. — The  !uli[>ose  tissue  beneath  the  visceral 
pericanliuni  may  be  slij^htly  iticreased  in  amount,  or  the  heart  mav 
be  embeddeil  within  an  enormous  deposit  of  fat,  which  may  involve 
not  alone  the  epieanlium,  but  the  [wrietal  layer  and  the  mt»dia*- 
tiniini  as  well.  On  section  throufrli  the  heart-wall,  trabecnla?  of 
adi])ose  tissue  may  be  seen  jnissin^  throujjh  the  heart's  ssubstancf, 
and  sotnetimes  sulieuilocardial  cii/posits  may  be  .*een  as  a  uniform 
infiltration  beneath  the  endni'urdium  or  as  lix-alized  deposits  pnv 
jecting  into  the  heart  beneath  the  endo<-anlium.  Microscopically 
fatty  infiltration  presents  the  oniiiiary  appearances  of  adiiwse  celb 
lying  between  the  heart-nuiscle  riljcrs  (Fig.  165).  The  filters 
themselves  are  not  involved  ;  but  they  may  become  atrophic  frum 


Fio.  16.=).— Fatty  Inflltrstlon  of  the  heart,  from  a  section  through  the  waU  of  the  right 
aiirltk-  iRramweU). 

pressure,  and  in  such  iiistiniees  present  a  more  yellowish  or  brown- 
ish color  than  normal,  and  micntscopically  show  an  aiiundunee  of 
granules.  In  other  eases  pronounced  fatty  degeneration  i.s  seen  in 
the  nnisi'le-filiers. 

Results. — Weakening  of  the  lieart-niu.scle  must  necessarily 
result  from  the  luecliauieul  iin]«'dimeut  imposed  n|wn  the  muscle. 
Circulatory  disturbances  are  therefore  nurt  with  as  in  valvular 
disea-se  or  fatty  degeneration.  Occasirmally  rupture  of  the  heart! 
occurs,  and  is  due  to  the  atrophic  condition  of  t!ie  muscle  proper] 
and  a  want  of  resisting  power  of  the  infiltrating  adijK)se  tissue. 
It  is  especially  prone  to  occur  when  the  disea.se  is  hx'alized. 

Fatty  degeneration  atie<ts  the  muscle-fibers  themselves. 

Etiology. — I'atty    degenenition    results    from    malnutrition    or 
from  toxic  agencies.     The  most  frequent  cause  i.s  anemia,  either 
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lix-jil  or  general.  Looal  anoniia  is  diu-  tn  solfmsis  and  narrowing 
of  the  corouarv  arterit's  ;  or  it  iivay  Ijc  tlio  cunsctiiifiifi'  i»f  improper 
circulation  in  the  coronary  vessels  attciuling  tlif  final  stages  of 
valvular  disease  of  the  heart.  Fatty  di'gfnemtion  is  therefore  a 
terminal  condition  in  arterial  sclerosis  aHcctiiig  the  coronary  ves- 
sels and  in  valvular  disease.  The  remote  or  antecedent  causes 
are  those  which  hring  about  arteriosclerosis.  We  find  it  therefore 
in  elderly  person-^  of  the  nude  se.x  who  have  had  syphilis,  who 
have  used  alcohol  excessively,  or  have  gout  or  chronic  Bright's 
disease.  The  fatty  degeneration  of  the  heart  resulting  I'roni  gen- 
eral anemia  is  most  ty])ically  seen  in  ]«'rnicious  anemia,  in  wliir'h 
the  most  extreme  grades  of  fatty  disease  arc  sonictiines  wilucsscd. 
Of  the  cases  which  are  due  to  toxic  agents  wc  may  distinguish 
those  resulting  fnnu  >peciKc  infectious  and  tlnw  i>c<'urriug  in 
various  chemical  intoxicaiioiis.  In  the  specific  fevers,  in  which 
intense  parenchymatous  dcgencratiiin  m'curs,  and  anmug  these 
diphtheria  is  most  promincut,  i'atty  degenenition  is  sonietiiucs  the 
terminal  conditinu.  .\uiong  th<-  external  puisuns  capal)Ie  of 
pr<j<iucing  the  disease  phosfifmnis  and  aiseni<'  are  intportant. 

Pathologic  Anatomy. — Fatty  degenenition  tnay  he  a  loeali/eti 
or  a  <lifl'use  pnw-ess.  As  a  rule,  a  considentble  jHirtion  of  the 
hcTsrt  is  affected,  hut  only  isolated  fihers  en"  groups  of  filters  are 
involve*!.  There  results  a  somcwhut  spi-ckled  or  mottled  condi- 
tion, which  is  especially  visilile  licncalli  the  endocardium,  f^treidis 
or  lines  of  a  yellowish  or  whitisli  color  ulteniatc  with  tlie  darker 
pt>rtious  of  normal  muscle.  When  the  ju-oeess  is  uuiforni  ihe 
entire  muscle  assuines  a  yc!l()wi.>-h  hue.  It  is  sotler  than  normal, 
the  <«vities  tend  to  dilate,  and  the  walls  may  he  considendjly 
thinner  tiian  normal. 

Microscoj)ically  the  miisfde-fihers  are  found  (o  he  filled  with 
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Fig.  KiT,  — FaUj*  degeneration  of  Ihe  heart  in  t  -  ;i-r  «it  [ivrrui 
tlbcra  in  the  lower  part  of  the  Ulu»tm:i'iii  art'  iinrunl 


^-'imi;  of  the 
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small  gninides  of  a  dai'k  color  or  with  small  droplets  of  high 
refractive  power  (Fig.  1(>(j).  Th<'se  may  eompletcly  rihscnre  the 
nucleus,  or  they  nuiy  he  arranged  in  groups  at  the  ])ofes  of  the 
nucleus.  Sometimes  distinct  vnciiolizjition  of  the  fihers  is  s(>en, 
especially  in  ca-ses  in  which  fibroid  myocanlitis  accompanies  the 
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fatty  chanpc.  The  nature  of  the  grnniiles  and  droplets  within  tne 
fibers  is  well  denutnstnitcd  l>_v  treating;  tlie  section  with  osmic  acid, 
when  the  fat-droplets  become  intensely  black. 

Associated  Conditions. —  In  eases  of  eoronarj'  selemsis,  or  valvu- 
lar heart  <lisease  wilii  failure  of  comjKnsation,  fatty  <letreneration 
is  nirely  the  sole  |i;itii<i|niric  eondition.  As  a  rule,  fibnjid  niyi> 
carditis  aeeornpanii-s  it,  ami  lln'  latter  may  be  the  more  extensive 
and  imiwirtant  condition  <jf  the  two.  Fatty  infiltration  is  often 
met  vvitli  as  an  a.ssociated  eondition,  and  may  be  the  direct  cause 
of  the  degenenitirm  by  tlie  pressure  exerted  upon  heart-muscle 
fibers  by  the  iufiltratinfr  fat.  Rupture  of  the  heart  may  o<'cnr  in 
case."  in  which  llitty  dc^reiienrfion  alfeets  localized  areas,  a.s  is  of'ten 
the  cuso  near  the  apex  of  the  heart. 


,.     i*&JL 
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Flo.   IfT  — Miirkud  ccni-riil  si-cim'titiitlnn  vtiih  itrvnt  i||ii««i»l»  of  the  plccci;  X  13)  (fhnn 
ilie  Amenotn  JtmrruU  it/  tht  Mrdictti  Sctmcet)  ^Icktovii). 

Segmentation  of  the  Fibers. — This  k  an  interesting  con- 
dition oeea.'^ionally  ob.served,  esjM^eially  in  cases  in  which  .sudden 
death  ]ia.s  taken  place.  It  consists  in  a  transverse  splittinji  of  the 
fibers,  by  which  they  are  converted  into  columns  of  var\Mn^  lenf!th 
st'parated  by  transverse  fi.«surus  (Fig.  1G7).  It  Uan  been  describe*! 
under  the  name  of  flat  ser/moilni'ri',  or  inyocarditr  sf(fmrntnirii,  bv 
French  Mriters.  A  coiisideritble  discussion  as  to  its  significance 
has  arisen,  some  hoMing  iliat  it  is  a  eondition  of  clinical  as  well  as 
pathologic  iinjiortance ;  otliers,  that  it  wcurs  during  the  death- 
agony  or  post-mortem.  Whether  the  latter  .statement  be  true  or 
not,  the  segmentation  .seems  to  indicate  a  degree  of  fragilitv  of  the 
fibers,  and  in  jiartieiilar  of  the  cenient-substance,  wholly  abnormal, 
tliough  it  may  not  be  demonstrable  liy  our  present  means  of  exam- 
ination.    This  fragility  may  be  due  to  digestive  action  of  bacteria 
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■  Ijacterial  protliicts,  as  lias  been  siiggostwl.  Some  recent  investi- 
gutioiis  sfvni  to  iixliciite  timt  sogriiciitatioii  i=  pnrply  artificial,  ami 
broutjht  about  l»y  llu-  impurtbct  luljtistmcnt  nt'  the  Icnifr  iti  r'liding. 
Degeneration  of  the  intracardiac  ganglia  lias  Wen 
noted  bv  a  niinibt'i'  of  observers  in  invorarijitis  ami  in  wises  of 
angina  iwctoris  without  gross  eiirditic  alteration.  The  ehanges 
obsers'ed  are  sw'elling,  or  granular,  fatty,  :irn!  hyaline  degeneration 
of  the  ganglion-Cflls,  and  intilinition  of  rouiul  eulls  with  selenitic 
formation  between  the  ncrve-i'clls.  The  iniportanee  of  these 
changes  has  not  lii-en  tleterniined. 

Pathologic  Physiology. — The  finictional  disorders  in  de- 
gcncratiou:^  of  tlie  niyot-.irdiimi  may  be  tlue  to  the  direct  injury  of 
the  fibers,  or  to  disturbances  of  the  nervous  mechanism  of  the 
heart.  The  latter  seems  to  Ix"  the  ease  in  instanoi  s  in  which 
marke<l  e^irdia*'  irregularity,  or  arrhythmia,  occurs.  The  tlisease 
of  the  fibers  explains  the  weakness  of  tlic  heart-action  ;  :iiid  this  is 
especially  marke<l  iu  cases  (of  fiitty  and  fdtroid  disease)  in  which 
the  circulation  through  the  coronary  arteries  is  insuttieieiit.  Keeeut 
investigations  have  shown  that  fatty  degeneration  of  the  heart- 
musele  in  itself  causes  much  less  cardiac  weakness  than  lias 
gt^neniliy  been  supposed.  Sometimes  the  iieart  is  arrested  and 
sudden  death  occurs  in  cases  of  myocardial  degeneration  due  to 
infectious  fevers  (diphtheria).  This  was  fornuirly  ascribed  to 
heart-dots,  but  is  now  recognized  as  a  form  of  sudden  and  com- 
plete a.systole  due  to  the  mym-ardial  disease  or  to  associated  nervous 
disonJers,  organic  (in  the  intracardiae  ganglia  or  in  the  cardiac 
nerves)  or  reflex.  The  <iistiirb:mees  of  the  irenerai  circulation  in 
myocardial  disease  an<l  their  results  arc  similar  to  those  met  with 
in  valvular  tlisease.  (See  :dso  pathologic  physiology  of  I'^iiiroid 
Degeneration  of  the  Heart.) 
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INFLAMMATION. 


Inflammation  of  the  hcart-musele,  or  myocarditis,  may  be  either 
acnt«-  or  chronic,  fliffuse  or  eircnniscribed. 

Acute    myocarditis   was  <lesiguated   canlitis    by    the   older 

writers,  though  the  simie   term  was   applied  to  endocardial   and 

pericartlial  inflammations  !is  well.     Tt  may  be   circumscrilKMl  or 

«Jiflus<?,  the  former  appearing  most  frcijiicntly  in  the  form  of  ub- 

•esses  of  the  heart-muscle. 

Acute  circumscribed  myocarditis,  or  absce&s  of  the  heart, 

may  occur  in  eomtcction  with  jierictrating  endociirdial  h'sions  or  in 

a^^sociation  with  pericanlitis.     More  freipieutly  the  infection  tiikes 

place  through  the  coronary  eircidatiou,  aiHl  the  metastatic  absces-scs 

f  the  heart  are  but  a  jwirt  of  a  genend  pyemic  disease  (Fig.  IfiMi. 

Ids  occurs  in  ca.ses  of  puerperal  se|)sis,  in  oste<]myelitis,  nnd  other 

intensely  septic  diseases,  but  particularly   in  cjises  of  malignant 

idocarditis. 


TEXTBOOK  OF  PATBOLOOT. 

Pathologic  Anatomy. — When  the  infectious  eniVioli  are  large  a 
siiijtrlc  aljsceris  or  a  few  abscesses  result,  while  in  cases  of  finely 
ilisseminatetl  infectious  particles  the  heart-sul)stanc<,'  may  be 
stiultk')!  witli  innutiienible  suppunitinur  points.  These  are  more 
common  in  the  Ic-j't  %'entriek'  !in<l  in  the  anterior  wall  than  else- 
vvliere.  At  first  the  lesion  may  jiresent  itself  as  a  minute,  heraor- 
riiajrie,  or  necrotic  area,  but  soon  the  focus  softens  and  forms  a 
purulent  collection.  In  size  the  abscesses  vary  from  the  merest 
points  to  cavities  the  size  of  a  cherry,  and  as  much  as  an  ounce  of 
juis  has  been  removed  from  a  sinj^^le  cavity.  Perforation  mav  take 
place  into  the  heart  itself,  and  acute  cardiac  aneurysm  or  even 
rupture  of  the  heart  may  ensue.  t>n  the  (tther  hand,  the  abscess 
may  diseharfje  into  the  pericardial  sac,  or  without  such  mpture 
may  set  up  purulent  pericarditis.     Occasionally  tlie  pus  becomes  in- 
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FlQ.  168.— Embulic  aUiCCW  of  the  niyuMrdiuin. 

spissated  and  fibrous  overgrowth  causes  its  complete  encapsulation, 
or  finally  the  area  may  lie  renderj'd  ealeareotis.  Su<'li  terminations, 
however,  are  rare,  the  patient  usually  iwrishing  of  the  pyemic  pro- 
cess, as  a  part  of  wliieli  the  abscesses  in  the  heart  ot^-ur. 

In  snppumtive  myo<'anlitis  otrcurring  fnim  extension  in  conse- 
quence (vf  tiialiiruant  eudm'anlitis  comnuinicating  sinu.ses  may  be 
established  between  the  ehamlters  of  the  heart. 

Acute  difFuse  myocarditis  occurs  in  various  forms  c»f  infec- 
tious fevers.  It  was  first  rceoj;tii/ed  in  tyjihoid  fever,  but  is  more  I 
common  in  diphtheria  and  scarlet  fever,  and  is  met  with  in  acute ; 
rheumatism,  puerperal  septicemia,  and  various  other  infections. 
It  is  most  likely  that  the  toxins  of  the  infectious  disea.ses  named 
are  the  immediate  causes,  and  nut  the  s]>eeific  bacteria  themselves. 
The  process  may  be  entirely  diffuse,  but  in  most  cases  the  left 
ventricle  is  more  seriously  involved  than  other  parts-,  and  often  j 
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there  are  meix-ly  ItHsilized  areas  of  myixarditis  scattered  about  in 

I  various  parts  ot'  the  ventricular  wall, 

I  Pathologic  Anatomy. — Tlie  atliicted  heart-muscle  is  soft  and 
otten  distinctly  triaiiie.  In  the  earlier  stages  there  may  he  spots 
of  hemon-hacric  iidiltration,  but  a;;  a  rule  the  color  is  rather  lighter 
than  that  of  the  iionual  orjnin.  It  may  be  noticeable  tliat  the 
bundles  of  fibers  eiisily  sepanUe  frotu  nne  another.  The  cavities  of 
the  heart  are  frequently  dilated,  particularly  the  left  ventricle. 

Micros<'Of>icallv  the  im[K)rtant  chauges  arc  ilifluse  infiltration  of 
round  cell.«  in  the  couueetivc  tissue  between  the  muscle-fibers  (Fig. 
169),  and  proliferation  of  the  connective  tissue  itself,  with  forma- 


Fic.  168.— Acatc  myocudltls,  shuwlnK  dcguntfration  of  the  musclB-Sbcn  and  musire 
■pcumutiitiiiD  i>{  leukocyten. 

tion  of  rounded  or  spindle-shaped  fibroblastic  cells.  There  is  no 
temlency  to  supjiunition.  The  IiUh id-vessels  are  usually  somewhat 
distended  with  bl<nid,  and  there  may  lie  distinct  pnilifenitivc  thtck- 
euing  of  their  walls.  Degenenitive  changes  of  the  muscle-fibers 
themselves  are  rarely,  if  ever,  absent,  and  it  is  most  ))r<ibable  that 
the  first  stage  in  the  pntcess  is  a  tuxic  degeneration  of  tlie  niu.>*cle- 
fil)crs,  and  that  the  intermuscular  infiltnition  and  prolifcr.ition  are 
consecjuent  ujvm  the  jvrimarv  dcgcucratiftu.  The  fillers  become 
granular  and  oj)a(|Ue,  the  strialions  are  indistinct;  ix;casionally 
there  may  be  vacuolization,  and  snmctimcs  the  segnu'ntatitin  to 
which  so  much  attention  has  been  directed  of  late.  Proliferation 
or  swelling  of  the  nuclei  of  the  muscle-fibers  is  frerpvent,  and  the 
hyaline  transformation  of  Zenker  is  sometimes  observed. 

Besults. — I'uder  entirely  favitralile  conditions  actite,  diffuse, 
and  non-suppurative  my<H'arditis  Unuaily  tenniuat^-s  in  complete 
resolution.  It  is,  however,  (piite  likely  that  the  jirolitcrative 
changes  noted  in  the  interiruisciilar  rnmiectivc  tissue  otteii  ad- 
vance to  com{)Iete  organ izatiou  and  formation  of  luwdized  areas 
of  sclertisis.  Death  from  dilatatimi  of  the  cavities  and  cardiac 
failure  is  not  uncommon. 
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Chronic  myocarditis,  or  Hlimns  mym-anlitin,  lik<»  the  acutp 
fonii,  may  \w  ditlusi'  or  lui-alizcti,  tlioiijjli  in  tliis  i.-ast-  the  citviim- 
scriliwl  furni  is  the  more  coiniuon. 

Etiology. — It  is  not  nnlikcly  that  many  ctises  are  consequent 
itpoii  jiiMite  ilitl'iirti."  inyocanlltis,  as  has  b(!eu  already  i'iig«e:itPil. 
Ill  siR'h  east's  the  tuyocanliti-  may  he  Ktoked  ujmui  as  a  pri- 
marv  att'eotiou.  Mure  eDmnionly  the  process  is  seeon<iary,  aud  i* 
dependent  uihmi  primary  disease  of  the  eoronary  arteries  or  ilis- 
turhanee.s  of  the  cireuiation  in  tiie  eoronary  arteries.  It  is  there- 
fore very  eommon  to  liud  areas  of  selerosis  in  eases  of  atheroma  of 
tlie  eoronary  arteries  or  in  valvular  ilisea.se  id'  the  heart  in  which 
the  eoronary  eirenlation  has  Jinally  Iteeome  defieient.  Among  tiit 
remote  aiiti-ci'di'iit  causes  are  the  eon<litions  whieh  are  prone  tn 
oeeasion  arterioselerosis,  such  as  old  ajre,  alcohol,  pait,  sy|>hili.'«, 
ami  the  like.  The  conneetion  between  the  arterial  disease  and  the 
re.sulting  myoeardial  selerosis  has  been  the  subjeet  of  eonsi<lerahle 
dispute.  No  doubt,  in  some  instances,  the  eirenmseribed  areas  ( if 
fibrous  overjjrowtii  met  with  in  the  distribution  of  branehes  of  tlii" 
eoroiuiry  artery  re]»n'seiit  ihe  si-arsof  liruled  infarctions.  In  oiln-r 
eases,  however,  it  would  seem  more  likely  that  a  slow  dep-nerative 
change  with  (gradual  overgrowth  of  the  connective  tiiNsiu-  ix-curs  in 
consecpienee  of  the  disturbed  circulation  through  the  damagtil 
coronary  vessels,  and  it  has  lieen  urge<l  that  in  these  instances  die 
(ibrtiid  disease  of  the  heart  is  degenerative,  and  not  in  reality  an 
intlammatory  process  at  all.  DiH'nse  selero>is  may  be  assiM-i.-iictl 
witli  hy|>ertrn])hy  in  cases  of  valvular  disea-se  and  other  conditions 
causing  cardiac  enlargement.  Dehio  hn.s  suggestetl  that  fibroid 
degeiienition  or  myofibrosis  is  a  e<insorvative  jirocess  designed  to  b 
streugtbeii  a  bc>arf-wall  (hat  has  become  impaired  by  some  do-fl 
generati<m  tir  fiiuctional  weakness,  just  a.s,  according  to  Thonia, 
the  fibrous  nodules  in  alheroiiia  serve  to  strengthen  part.s  of  the 
arterial  wall  that  have  become  weakened  by  disea.sc  of  the  muscu- 
lari.s.  _ 

LocaliKed   myocarditis  with   fibroid  overgrowth  i.s  very  com-fl 
nionly  met  with  at  tin-  tips  of  the  papillary  muscles  in  asstxMatioD 
witli  chronic  iridueurditis  and  disease  of  the  chorthe  tendinea*. 

Su|>ertieial  myocarditis  of  a  fibroid  character  niav  \*f  seen 
beneath  the  pfrieardium  or  eniloeardium  which  has  l)e<'n  thick- 
ened by  chronic  inllamniatiiui. 

Pathologic  Anatomy. — The  characteristic  change  is  the  forma- 
tion of  selenitic  areas  in  the  muside-siibstance.  These  ap]N'ar 
either  as  more  or  less  irregular  spots,  or  as  stn-aks  or  lines  ruimiug 
in  tile  direction  of  the  liliers  of  the  heart.  Thev  are  most  com- 
mon ill  the  anterior  wall  of  the  left  ventricle,  near  the  ajK-x,  iu  the 
septum,  and  at  the  tips  of  the  papillary  muscles  ;  but  the  entire 
substance  of  the  heart  may  lie  involved  and  thickening  t)f  the-  walls 
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may  result.  The  in)[)cilinient  offered  to  tlie  iniisele  of  the  heart 
by  the  intermuscular  sclerosis  may  lead  to  true  hyptTtrophy,  but 
more  commonly  there  is  degeneration  of  the  fibers  in  consequeuee 
of  the  pressure  of  the  new-formed  ti.ssue,  and  yellowish  areas  of 
latty  degeneration  are  frequently  oliscrvud. 

Microscopically  the  diseased  ar«is  are  found  to  consist  of  more 


Yta.  riO — Edge  of  an  area  of  fibmiu  mfocardltU,  nhowlng  replacement  of  the  Bben  by 
connective  tissue  (Orth). 

or  less  well-organized  connective  tissue  lying  Ijetweea  the  nuiscle- 
fibers  and  pressing  them  far  apart,  or  taking  the  place  of  atrophic 
muscle-fibers  (Figs.  170  and  171). 


n 


Fio.  171.— Chronic  mToranJltli,  •howing^xtenalve  destruction  of  fibers. 

Sometimes  certain    portions    show   the   earlier  stages    of  the 
process,  round-cell  infiltration  and  proliferation  of  the  connective 
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tissue  beinp  the  important  features  (T"ig.  172).     As  a  rule,  how- 
ever, the  diseased  areas  are  found  in  a  completely  organize*!  cod- 
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Fig.  172.— EniJomyocardltls,  showing.  (1.  thickened  endorairlluni ;  {■,  bands  of  mfl 
Hbcn  with  interstitial  inllltraiion  or   round  cells  and  prolirerated   connective 
(Brain  well). 

dition.     The  nin.soIe-filnTs  tliemsclves  suffer  granular  an<l   fatty' 
degeneration,  ami  not    infrriniently  distinct  vacuolization    is  ol>- 
servcd. 

Results. — In  cases  in  wliich  a  considerable  area  of  chninic 
mywanlitis  is  developed,  as  is  not  uncoiiummly  ob.ser\'cd  at  the 
apex  in  consequence  of  thrombotic  or  emlwlic  obstruction  of  the 
anterior  coronary  artery,  an  aneurysm  of  the  heart  may  result 
from  gradual  stretcliinfr  of  the  tibiviid  area.  In  cases  in  which  the 
procf.s.s  is  diffuse  the  heart-muscle  may  at  first  undergo  hyper- 
trophy ill  coiisc(iuence  of  the  excessive  lalior  imjwsed  upon  it,  but 
eventually  degeneration  from  pressure  upon  the  6bers  gains  the 
ascendency,  dilatation  of  the  cavities  ensues,  and  geneml  failure 
of  the  circulation  is  the  terminal  result. 

It  is  not  iinnsiial  to  find  diffuse  arteriosclerosis  and  fibroid 
disease  of  other  firg-.ins  as.«ociated  with  chrrtnic  mywarditis.  In 
such  cases  the  antecedent  cause  is  the  arterial  disi-ase,  which  in 
turn  may  he  dependent  ujjoii  some  systemic  disorder. 

Pathologic  Physiology. — The  immediate  effect  of  chronic  mvo- 
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carditis  or  fihroid  degeneration  of  tin-  heart  is  a  loss  of  power.  By 
Eonic  it  has  been  held  tliat  tlie  fibroid  ti.s.-;iie  is  designed  as  a  suf>- 
|>ort  for  the  heart-miisele  weakened  by  otiier  causes,  sueh  as  de- 
feneration of  the  nuiscle-fihers  themselves,  just  as  it  has  been 
elaimc<i  that  nodules  of  arteriosek'rosis  are  iiiti'iided  as  siipjmrt 
for  areas  of  weakness  of  the  muscular  layers  of  the  arterial  walls. 
Tliis  theory  is  not  generally  accepted  ;  but,  ou  the  otiicr  hand,  it 
His  certain  that  the  presence  of  iihroiis  tissue  weakens  the  heart  so 
^  far  as  its  proper  function  (contntctility)  is  concerned.  For  a  time, 
hypertroj>hy  of  the  muscular  elements  may  eouuterlialanc^  the 
functional  weakness  occasioned  by  the  fibroid  change,  but  event- 
ually the  miisele  fails,  and  tliis  failure  is  usually  hastened  by  falty 
degeneration  and  atrophy  of  the  luuscle-tibers,  which   in  turn  are 

t doubtless  occasioned  by  the  fibroid  change,  especially  that 
involving  the  walls  of  tlie  small  nutrient  arteries.  In  the  early 
stages,  with  adequate  hypertrophy,  symptoms  may  be  wanting, 
though  a  strong  action  of  the  lieart  jiiid  an  increase  in  it,-!  size  may 
bo  detected.  I^ter,  prngressively  increasing  weakness  of  the  cir- 
culation develops,  and  eventually  all  the  signs  of  cardiac  failure, 
ju.st  as  in  advanced  valvular  diseas<\  Irregularity  of  the  heart's 
action  is  much  more  pronounced  than  in  valvular  disease,  and  is 
particularly  jvrominent  when  the  walls  of  the  auricles  are  especially 
involved.  It  has  been  ascribed  to  im])lication  of  the  intracurfliac 
nn-ehanism.  No  satisfactory  denionstralions  have,  however,  been 
made,  and  for  the  present  it  can  oidy  be  said  that  tiie  irregularity 
of  action  results  from  the  disease  of  the  muscle  and  the  conse- 
quent disturbance  of  its  automatic  contractility. 

Ang^a  Pectoris. — In  many  cases  of  fd)roid  licart,  paro.xysms 
of  pain  occur.  These  nuiy  be  nioderativ  in  severity  and  without 
definite  characters,  or  they  may  be  severe  and  of  a  uniform  kind. 
The  latter  constitute  the  contlition  called  angina  pectoris.  This  is 
especially  markc<l  and  frerjiient  in  cases  of  fibroid  heart  associated 
with  advanced  sclerosis  of  the  conmary  arteries.  The  cause  t)f 
the  paroxysm  is  uncertain.  It  nuiy  be  tlic  result  of  occlusions  by 
embolism  or  thrombosis  of  branches  of  the  coronary  arteries.  It  is 
certainlv  in  many  cases  associated  with  strain  of  the  heart-muscle 
in  its  efforts  to  propel  the  bloo4l.  Neither  of  the.se  explaiuUions 
suffices  for  all  ca.se.s.  Changes  in  the  intracardiac  ganglia  an4l  in 
the  fibers  of  flifferent  parts  of  the  cardiac  nervous  mechanism 
have  been  described,  but  an'  of  uncertain  significance. 

Deterioration  of  the  generid  health  as.«o<-iated  with  fibroid 
heart  may  be  the  <iirect  result  of  linling  circulation,  but  may  also 
,  result  from  as.sociated  widespread  arteriosclenisis.  The  latter 
node  of  operation  is  perhap."?  the  more  frequent. 

HYPOPLASIA  AND  ATROPHY. 

H}rpoplasia  of  tlie  heart  is  a  congenital   condition  in  which 
jc    heart    is    insutbciently    developed    and    remains    undersized 


404 


TEXTBOOK  OF  PATBl 


tliroiifiliont  life.  This  condition  is  fre<juently  a-ssoriated  \\\ 
liypopla>?ia  of"  the  aorta  and  otiier  large  vessels,  and  sometime* 
with  a  similar  condition  of  the  generative  organs.  Persons  hav- 
ing a  predi.sj)nsition  to  tuliemilosis  and  women  who  develop 
chlorosis  not  niivly  present  the  eonditioii.s  referrwl  to.  These  in- 
dividuals are  often  of  delieatc  structure,  with  feeble  or  unstalile 
cireulatiitti,  and,  in  the  ease  of  uiales,  of  et!eininato  nature  ami 
ap|K'anince.  The  heart  is  small  in  size,  ami,  as  a  rule,  uniformly 
atleeted  in  all  jwrts.  The  epioanliuni  may  l)e  stmiewhat  wrinkled, 
and  this  eonditinn,  no  flouht,  has  often  led  to  the  desf-ription  of 
cases  of  this  sort  as  instanees  of  atrophy.  Many  cases  of 
snpposed  hy|nj|)lasia  are  doubtless  instanees  of  true  atrophv, 
the  size  of  the  heart  being  strictly  proportioned  to  the  eiuaciat«tl 
body. 

Atrophy  of  the  heart  is  usually  descrilxMi  as  oeeurring  in 
two  varieties,  mntpfi-  and  hroirn  nirnphti.  It  is  very  doubtful,  how- 
ever, if  simple  atitipliy  ever  o<'eurs.  JIany  of  the  ca.ses  so  desig- 
nated were  doubtless  liyjiojilasite,  and  other  eases  pix>bably  brown 
atrophies. 

Etiology. — Atro])hy  of  the  heart  usually  <jccurs  in  jjersons  of 
advauced  age  ;  l)ut  is  occasionally  met  with   in  the  young.     It 

results  from  simple  senility,  or  Irr^m 
various  cachectic  or  wasting  diseases, 
such  as  tulieivulosis,  carcinoma,  and 
the  like. 

Pathologic  Anatomy. — The  heart 
is  small  in  size,  sometimes  weighing 
but  a  tliii"*!  or  fourth  of  its  normal 
weight.  The  capsule,  or  epieardium, 
is  \\rinkhMl,  and  may  be  sijniewhat 
thicki'ind  by  tibrous-t  issue  over- 
growth or  by  fatty  or  mucoid  change 


\, 


Pio.  173.— Alr(>j)h)-  <if  the  heart, 
§een  from  tho  rri>iit  (two-third* 
iMIiinil  alxe)  (Dramwell>. 
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Fw.  174.— Brown  !■ 

thcbeartmu:^.  .l. 


The  vessels  are  conspienously  tortuous  (Fig.  1 73).     The  muscle  is 
flabby  and  often  quite  dark  in  color. 
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Microscopically  the  fibers  are  found  smaller  than  normal,  and 
<X)ntain  exoess  of  pifrtuent.  The  hitter  is  hrfiwnish  or  lilack,  and 
at  first  situated  at  the  [Hiles  nf  the  nitiscle-niielei  (Fijj.  174).  Later 
the  whole  fiber  may  be  uniformly  iHii:iuented.  Sumelime.s  tlie  niiis- 
cle-fiber  13  eonverte<I  into  a  liollow  wheath,  eoiitaininj;;  scattered 
pigment-granules  and  more  or  less  f'nigmented  nuclei,  (.,'omplete 
destruction  of  the  fiber  may  leail  to  the  apparent  w-eurrence  of 
pijrnient  between  the  musele-fibers.  The  pigment  doe.s  not  con- 
tain irtm,  and  seems  to  Ite  a  derivative  of  the  albuminous  con- 
stituents of  the  fibers. 

Localized  atrophy  of  the  fibers  may  ueeur  around  an'as  of 
disease  of  the  heart-iiuhsele,  such  a?  tix-i  of  mycMirditis,  tubercles, 
guramata,  etc.  The  fibers  present  the  same  apijearances  as  those 
jiLst  described. 

Pathologic  Physiology. — Atrophy  of  the  heart-muscle  docs  not 
often  ixx-a.sion  strikinj;  results  or  symptoms,  as  tlip  pn>cess  is  in 
most  cas<'s  eomraensurate  with  ttie  genend  eniaeintinn  and  de- 
cri-.i.>«Kl  demaml.  ()eca.sionally  irregidar  action  of  the  lieart  is 
noted,  and  sudden  death  has  sometimes  oeciirretl. 

HYPERTROPHY  AND  DILATATION. 

Hypertrophy  and  dilatation  are  usually  assoeiuied  and  result  from 
the  same  eaust-s,  the  deforce  of  hypTtrophy  or  of  dilatation  present 
in  a  given  ease  dependin;r  iip>n  the  suridenness  of  action  or  the 
inteasity  of -the  cause,  and  upon  the  state  of  the  heart  itself  A 
sudden  strain  may  cause  immeiliate  dilatation  ;  reftcated  strains  of 
less  severity  cause  hypertrophy  in  a  well-nourished  heart,  or  in- 
creasing dilatation   in   oui-  the   scat   of  myocardial    weakness  or 

^kdegeneration. 

"  Etiology. — The  influeuee  of  valvnlar  diseases  (7.  e.)  of  the  heart 
in  developing  hypertrophy  has  been  sufficiently  diseiis.sed.  Vari- 
ous other  causes  may  lead  to  overwork  f»r  eanlia*'  strain,  and  occa- 
sion hyp«?rtrophy  or  ililatatittn.  We  may  tlassilV  the  cau.ses 
in  aecfirdance  with  their  njicratiou  upon  either  or  upon  both 
veufrielcs. 

B       Causes  Acting  on  the  Left  Ventricle. — All  forms  of  arterial 

^■»lisea.se,  but  especially  diffuse  artcrio.sclerosis,  increase  the  work  of 
the  left  ventricle  notably,  and  may  cause  marked  changes  in  it. 
-Vneurysms  r)f  the  aorta,  however,  have  surjirisingly  little  cffi-ct. 
Chrf)nic  Bright's  disease,  esp'cially  the  int<Tstitial  (brm,  is  a  well- 
known  cans*'.  It  probably  acts  in  several  ways:  partly  by  the 
a'*s«x;iated  arterial  disea.se,  jjjirtly  by  vascular  contraction  due  to 
toxic  products,  ami  partly  by  the  direct  stimidntion  of  eanhao 
action  bv  the  .same  causes.     Excessive  exercise  or  laborious  oeeu- 

e mining,   blaeksmithing,  etc.)   may  act  upon    the   whole 
t  especially  upon  the  left  ventricle. 
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Causes  Acting:  on  the  Right  Ventricle. — Diseases  of  the 
lungs  anil  pleiira,  siicli  a.s  I'mplivsL'iua,  tiljroiil  plithisii^,  and  pleural 
Bynet'lbitc,  are  frL-tiuent  causes  of  liypertropliy  and  dilatation  of  the 
right  ventricle. 

Causes  Acting  on  the  Heaj-t  as  a  wnole. — General  func- 
tional overstinuilation  may  cau.se  uniform  enlargement  of  the 
orgjiii.  This  may  lie  seen  in  ca.se.s  of  liysteria,  exoplitlialniie 
goiter,  and  other  diseases  in  which  tlie  4»veraction  is  due  to  ner-  ■ 
vous  influences.  Exces.sive  eating  and  drinking  affect  the  left  more  ■ 
tlian  the  right  ventricle,  but  influence  lioth  sides  to  some  extent. 
Hahitual,  excessive  heer-<lriiiking  is  mo.st  striking  in  its  effects,  M 
and  d<iul»tle.ss  acts  through  the  constantly  recurring  overtlistcDtion  ■ 
of  the  hl<  11  k1- vessels,  ais  well  a.>  through  the  excess  of  nutriinint 
and  (lireet  stimulus  conveyed  to  the  organ.  Pericardial  adhtsions  _ 
may  occa.sion  continuous  ovcraction  of  both  ventricles.  ■ 

Any  of  the  causes  named  may  <x-casion  hyp«.>rtniphy  or  dilata- 
tion, or  both.  Tlie  degrii'  ni'  hypertrophy  is  de{M.'Uilent  n|K(n  the 
rirevious  integrity  of  tiie  heart -muscle,  the  state  of  the  general 
leallh,  and  the  manner  nf  action  of  the  wuise.  Sudden  strain* 
are  more  likely  to  cause  dilatjition,  and  ]ntre  dilatation  may  result 
if  the  muscle  of  the  heart  is  degenerateil.  This  is  illustrated  bv  h 
cases  of  uciifc  flilatutimi  of  the  heart  in  the  course  of  int"ectious  I 
fevers. 

Pathologic  Anatomy. — Four  forms  of  enlai^enient  of  the  heart 
may  be  distinguished.     First,  the  walls  are   thiekeni-d,  and  the  f 
cavities  are  smaller  than   normal ;    this  is   known    as    concrnlrie  " 
hyjK'rtmphy,  but  it  is  likely  that  the  decreased  .size  of  the  ca\'itiefl 
Ls  due  to  post-mortem    contraction  ;  .second,  hyjKTtropby  of  tlie 
walls  with   normal  cavities  is  s])oken  of  a.s  nimple  ht/jii'iirophy ; 
third,   hy])ertro[)!iy   with   cavities  of  increased  size  is   known  as 
eci-t'titric  hypnirophy,  or  hypertrophy  with  (lilatation  ;  and,  fourth, 
there  run'  be  pure  dUalntion  without   hj-pertrophy.     In   hyper- 
trophy the  mu.selc-substance  is  darker  than  normal  and  is  increawil  ^ 
in  consistcuey.     Mieroseopieally  the  fibers  are  incn'a.sifl  in  thick- H 
ness,  and   there   is   pmlml)ly  al.so  incrca.se   in   the   number  of  the 
fibei-s.     The  nuclei  <if  tlie  luusele  are  swollen  and  multiply;  nivo- 
eanlial  degeneration  (tibni-fatty)  is  often  associated.     When  dila- 
tation is  pn'sent  the  hcart-nuisele  is  usually  .softer,  more  flabbv,  ^ 
and  genendly  somewhat  lighter  in  color,  due  to  associated  degen-  ■ 
eration. 

The  shape  of  the  heart  varies  from  the  normal.  When  the 
left  ventricle  is  hypertrnphied  the  organ  is  increased  in  length  M 
and  extends  further  to  the  left  than  nornuil  (Fig.  175).  When  I 
the  right  ventricle  is  liypertrophied  the  organ  a.ssunies  a  rounded 
shape  ;  its  apex  is  less  sharp,  and  the  transverse  measurement  of  _ 
the  organ  is  greatly  inercasc<l.  Tlie  weight  and  size  of  the  heart  I 
may  increase  enormously,  and  the  term  cor  bovinum  is  often  highly 


I 
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other  impotlimonts  to  the  circulation.  Occasionallv  there  may  be 
excessive  livpertropliy,  but,  as  a  I'tile,  it  is  merely  sufficient  to 
maintain  the  cireulatinn  nuiler  ordinary  conditions  with  less  re- 
sen'e  jjower  than  is  met  with  in  liealth.  In  con8e(|ueni'i^  valvular 
lesions  or  arterio.-^elerosi.s  ntay  (>wa.sion  i\o  syin|(tonis  for  a  long 
time,  provided  the  individual  leads  a  quiet  life.  Eventually, 
however,  when  intercurrent  diseases  have  determined  cardiac 
•Nv<?aknei5.«,  or  when  the  ini|)ediment  to  the  circulation  has  {jrowii 
propressivelv  to  an  excessive  degree,  dilatation  ensues  ami  fail- 
ure of  the  circulation  is  the  cotisetjucnee.  When  the  left  ventri- 
cle 18  at  fault  congestion  of  the  pulmonary  system  m'curs,  ami 
edema,  hemorrhage  fmm  the  lutigs,  or  timmibosis  with  infaretiou 
of  tlie  lungs  may  take  place.  When  the  right  ventricle  fails 
general  syi^teraic  congestion,  cyanosis,  and  dropsy  are  the  conse- 
quence. 

Great  hyjH'rtrophy,  while  it  results  from  arterial  disease,  very 
frequently  reacts  upon  the  arteries  and  increases  existing  arterial 
disease,  or  oei^asions  arterial  disease  when  it  has  not  previously 
existed.  This  is  due  to  the  increased  force  with  which  the  blood 
is  pnyected  from  the  ventricidar  <".ivity  and  the  increased  dis- 
tention which  the  arteries  sutler  in  consequence. 
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ANEURYSM. 

Aneun-sm  of  tho  heart  is  a  rare  condition.  It  is  usually  found 
in  tlie  anterior  wall  of  thti  left  ventricle,  near  the  apex,  but  may 
affect  any  part  of  the  auricles  or  ventricles.     Sometimes  it  is  diffi- 


Fio.  176  — Aucurysms  of  ihe  left  ventricle ;  the  sac  thrntigli  which  the  probe  was  pused 
wa»  sltunleil  inwtorlorly  ;  the  unoiK'ncd  aiicurjsm  on  the  right  wrs  nntcrlor;  th«  hfut 
Is  aomvwhut  twisted  out  of  its  usual  shape  to  show  both  sues  In  the  illustratliin  (!>aileij. 

cult  to  distinguish  simple  dilatation  from  aneurism.  The  usual 
cause  of  anciirviini  is  coronary  ol>struetion,  with  resulting  degen- 
enttioii  of  localized  areas  uf  the  wall  of  the  heart.  First,  there  is 
softening  (niyonialaeia),  and  this  may  ix-casion  acute  aneurysmal 
dilatation  and  even  niptiire  of  the  heart.  In  other  cases  the 
degenerated  area  be<'onies  tilinius  and  suhsetjiiently  dilates.  Aeiitr 
ancur^'sni  of  the  heart-wall  may  similarly  occur  in  eases  of  nniral 
entlot-'arditis.     Ktiptiire  in  such  ehnuiic  eases  is  a  rare  termination. 


WOUNDS  AND  RUPTURE  OF  THE  HEART. 

Non-penctmting  and  even  penetniting  wounds  of  the  heart- 
wall  arc  s<inictiincs  recovered  from,  the  injury  being  repaired  by 
scar-tissue  or  fibrous  my(K'arditis.  As  a  rule,  penetrating  injuries 
occasion  rapid  <leath  by  hemorrhage  into  the  pericardium.  Spon- 
taneous  rupture  of  the   heart   may  be  occasionally  the  result  of 
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severe  strain  of  a  nonnal  heart,  l)iit,  as  a  nile,  it  occurs  when 
there  is  myooanlial  fii.sfa.se.  Mymiialaeia  conli.s,  fatty  dt-genera- 
tion,  lUiili^nant  enilocarditis,  and  absceti.s  are  the  coiiditioiiri  must 
likely  to  occasion  rupture. 
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INFECTIOUS  DISEASES. 


» 
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Tuberculosis  niiiy  occur  in  the  form  of  acute  miliary  tuber- 
culosis;, ati'fcting  either  tlie  eudoeaniiuui,  niyocanlium,  or  peri- 
canlium  ;  while  caseous  luherele.s  result  fivuu  extension  of  tuber- 
cular adenitis  from  the  anterior  or  middle  mediastinum. 

Syphilis  is  rare,  but  may  occur  in  the  turm  of  gumnia  or  of 
diflWe  infiltration,  (iumnuita  may  lie  immediately  beneath  the 
p-rieanlium  or  endiM-ardium,  ami  after  sofb^iing  by  tiegeneration 
may  rupture  on  the  surface. 

Actinomycosis  may  involve  the  heart  liy  extension  from  the 
me<liitstinu[ii  or  by  enilicdism.  White  or  grayish  notlules  are 
formed,  and  subsequently  degenerate. 

NEW  GROWTHS  AND  PARASITES. 


Primary  tumors  of  the  heart  are  extremely  rare.  Sarcoma, 
fifiroma,  /ijniiiifi,  ini/rniiin,  and  iiu/omd.  have  been  met  with,  and 
usually  occur  in  the  I'orni  of  wart-like  growths  proje'etiiig  into  the 
cavities  beneath  the  endoeanlium.    Organized  pedieulated  thrombi 

1  have  fre<|U('ntlv  l)evn  mistiiUen  for  tumors. 

I  Secondary  tumors  are  more  common.  Sarcomata,  of  the 
me<lia.stimmi  may  involve  the  perieardium,  or  even  the  heart-wall, 
by  direct  extension,  while  secondary  eareiuouiata  and  sarcomata 
may  affect  the  myo<;ardium  liy  metastasis.  In  tfie  latter  instances 
nodular  fonnations  are  seen  end»edded  in  the  heart-nuiscle. 

Parasites. — Eehinococcus  cysts  are  m-easionally  seen  beneath 
the  eudm-ijrd'.um  or  luTicardium,  ami  luay  rupture  into  the  cavities 
of  the  heart,  with  residting  end)oiistn.  The  cystiecrri  of  Tscnia 
solium  and  of  Tienia  saginata  liave  oi'currcil  in  man,  but  are  more 
c<immon  in  animals.  The  larval  I'entastomum  denticulatum  is  a 
rare  parasite  of  the  heart. 


THE   PERICARDIUM. 


^B      The  pericanliuni  is  a  membranous  sac  enclosing  the  hearti  and 
^B^ie  root  of  the  great  blood-vessels.      It  is  rom))Osed  of  a  filirous 
^"outer  layer,  and  is  lined  within  by  flat  endothelial  cells.    Nornmlly 
it  contains  from  -5  to  .50  ce.  of  clear  serous  liquitl. 

Partial  or  complete  absence  of  the  pericardium  is  sometimes 
en,  espt'cially   in   eases  of  ecto])ia   of  the   heart.     Occasionally 
iverticula  arc  present  congcnifally. 


J 
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CIRCULATORY    DISTURBANCES. 

Hyperemia  of  the  ptricanliuni  may  occur  in  valvular  heart- 
(lisca.sc  or  in  cases  of  tumor  or  aneurysm  causing  intratlioraiie 

pressiirc. 

Hemorrhag'es. —  Kxtrciiic    fw^sive   i-ongestion    with   eccliv- 
motic  lieniurrhagcs  is  loiiin!   post-mortem  in  cases  i»f  death  fnmi 
asphyxia.     Small    ]Hinetate   hemorrhages  are  also  occasioned  liv 
various  infectious  diseases  and  by  certain  jwisons,  as  phosphoni«.    bJ 
Tiiey   are  also   seen    in   pcrnieions  anemia,  scurvy,  purpura,  and  H 
otluT  Idood   diseases.  ~ 

Hemopericarditim  is  a  term  appliefl  to  accumulation  <>f 
hlnod  in  flic  pericardial  ssie.  It  may  result  fnim  rupture  of  the 
heart  or  of  aneurysms  of  the  aorta,  pulmonary  artery,  or  comnar}- 
arteries.  The  serous  efl'usion  of  intlanunatfirj'  conditions  of  the 
pericardium  may  .simetimes  contain  cim.siderahle  hhuxl  which  has 
es<^':ipcd  from  the  small  lilood-vesseis  in  Jhe  iuHammatorv  tissia-. 
This  is  more  i'i>minnn  in  inflammatory  effusions  of  the  pericanlium 
than  of  ntlnr  serous  inemliiinies,  and  is  jiarticiilarly  true  of  tuber- 
culous and  cmicerons  ea.ses. 

Hydropericarditun,  or  drop.sy  of  the  pericardium,  may  occur 
when  piissive  conircstiryn  is  continued,  or  as  a  jmrt  of  a  general 
anasiirca.  Oeeasioually  the  litjuid  is  milky  (chylous  hydroprri- 
canUuvi). 

INFLAMMATION. 

Inflammation  of  the  pericardium,  or  pericarditis,  is] 

the  most  imixirtaut  pathologic  process  ati'ecting  this  part  of  the 
l)ody. 

Etiology. — Pcric:irdi:il  inflammations  may  be  primary  or  xfc] 
omhtrij.  In  the  former  the  irritants  are  conveyed  to  the  p«!ricar- 
dium  through  the  blood,  while  in  the  latter  the  inflammation 
restdts  from  extension.  Primary  jwriearditis  occurs  in  aswx-iation 
with  various  infectious  dis<>ases,  notably  acute  rheumatism,  s<-arlet 
fever,  small-pox,  influenza,  and  intense  septic  infection.s.  It  is 
also  met  with  in  the  eoursi'  of  nephritis,  either  acute  or  chronic. 
Secnntlarv  pi'ricarditis  may  result  from  extension  of  inflanmiation 
from  the  pleuni,  the  lung,  the  mediastinal  glands,  the  sternum,  tlie^ 
esojihiigus,  and  stomach,  or  from  the  heart  itself.  ■ 

In  manv  instances,  even  where  the  |)ericarditis  has  occurred  in 
the  course  of  an  infectious  disease,  miero-<jrgnnisms  are  not  dis- 
covered in   the  exudate;  this  may  be   due  to  the   arrest  of  the  i 
miero-ortrauisiTis  in  the  pericardial  tissues  ;  staph vh kmk'c!.  strcpto-1 
cocci,  pneunnx-occi,  and  tubertde-barilli  have  all  been   found. 

Pathologic  Anatomy. — Several  varieties  may  be  distinguished,  j 
though  one  iitnu   may  merge  into  another. 

Fibrinous  or  Dry  Pericarditis. — The  first  change  noted  in 
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pt-ricarditis  is  a  dulnesss  or  lustorleHs  eoiulitioii  of  the  Hurfaco  of 
the  membrane.  Sjmewhut  Inter  distinet  ^nmiiliitioiis,  or  a  thin 
coating  of  fibrin,  appear  upon  the  surface,  am!  tliiri  niiiy  increase 
luitil  tlie  ik-posit  has  a  notable  tliielcness.  The  nioveiuents  of  tlie 
heart  may  give  the  latter  a  iitarked  roughness  or  rugosity,  and  tlie 
term  applied  by  older  writers,  cor  viUogum,  m  not  inappropriate 


Fig.  ITT.— Acute  iwrluardtlU  (Bramwell). 

'  fFig.  177).  Microseopically  there  is  seen  a  deposit  of  grannlar  or 
fibrillar  fibrin  upon  the  siirliiee,  whilst  the  endothelial  cells  are 
hjosened  and  partly  degeiierated,  and  the  siilteiidothclial  tissues 
ar«'  infiltrated  with  romul  cells.  Tiie  bloiHt-vessels  are  generally 
wi<lely  dilated,  and  pnn<-tifni-in  heniorrliages  may  be  observed. 

Serofibrinous  Pericarditis. — The  perieanlial  exudate  rarely 
remains  purely  fibrinous  in  eharaeter.  Usually  there  is  seen  some 
serous  out|>ouring,  and  the  sac  heeomes  distended  with  more  or 
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less  :ibiin(l;uit  tiirhid,  serous  liquid,  in  whicli  flakes  of  fibrin  an* 
su.s|ic'iiile<l.  In  such  cases  the  tii)riii<jus  deposit  is  generally  slight. 
Later  tlie  fluid  inay  be  reabsorbed,  leaving  a  simple  fibrinous 
pericarditis. 

Purulent  pericarditis,  fir  pyopericardium,  may  l«egin  as  a 
fil)r!niHis  or  scrntiliriuuiis  j)rrK'e.ss,  or  it  may  assume  the  suppura- 
tivf  form  f'nini  tiie  very  start.  In  the.si.'  eases  the  cause  t)f  tlic 
pericarditis  is  nsuully  some  intense  general  infection,  as  in  puer- 
jH-ral  pyemia  and  septicemia,  or  it  may  lie  a  l<x;al  inftn-tion,  as  in 
cases  in  wliicli  an  esupliageal  or  gastric  ulceration  has  ruptur^KJ 
into  tlic  ]H'ricardiuiii,  or  in  wliich  a  ca.seous  tubercular  fiK'Us  or 
jiiirulciit  [ilciu-isy  has  found  a  similar  discharge.  The  jwricanJijii 
SIC  is  tilled  with  more  or  k's.s  pnruli'ut  or  sernjjurulcnt  liquid,  aad 
the  |)crieanlinm  it.self  is  covered  willi  fihrinupurulent  exudate. 
The  supcrlii-ial  layers  of  the  mywsirdium  are  frequently  involvi-d 
by  iuHauMiKitory  edema,  mynearditis,  or  fatty  degeneration. 

Hemorrhagic  pericarditis  is  met  with  in  indivi<luals  of  low  I 
vitality  and  in  persons  sutt'cring  from  scurvy,  purpura,  and  similar 
attt'ctions.  Pericarditis  acconijianying  tubercidosis  or  cancer  of 
the  jK'ri<'ur<lium  is  specially  prone  to  assume  a  hemorrhagic  type. 
Usually  the  exudate  is  serous,  but  distinctly  colored  with  bl<x»d; 
sometimes  it  is  almost  completely  hemorrhagic. 

Terminations  of  Acute  Pericarditis. — Any  of  the  forms  des<  riboil 
may  ]ursiht  for  a  cotisiderablc  leiigtli  of"  time  without  cdiange,  but 
n-nully  certain  aiterations  are  noted.  In  the  fibrinous  variety,  or  ] 
in  the  serofd»rinous  form,  after  the  liquid  has  been  reab.sorbed,  the 
viscenil  and  the  ])arietal  pericardium  lie  in  contact  and  are  aggluti- 
nated by  the  exudate.  Gni<lually  the  inflammatorj'  pnx*escf 
biMicatli  the  tilirinuus  exndati'  extend  into  the  ti!>rinous  coating: 
comiective-tissne  hyperplasia  and  new  formation  of  bhxxl-vesiek 
follow,  and  gninutation-tissue  unites  the  adjacent  layers  of  jn'ricar- 
(lium.  At  the  same  time  the  fibrinous  exudate  is  reabsorbed  and 
stdisequently  orgsinization  of  the  granulation-tissues  is  eompletetl. 
Fibrous  adhesions  biiuling  the  two  layers  of  the  periairrlium 
together  ensue,  and  at  times  complete  obliteration  of  the  sac  is  the 
conseijuence  (Figs.  17S  anil  179).  In  ca.-ies  in  which  the  inflam- 
mation is  slight,  or  in  wliich  the  layrTs  an'  kept  a|iart  by  persist- i 
ent  serous  exudate,  the  areas  of  inflammation  gradually  iK-ooniP 
thickened  by  new-fbrmed  fibrous  tissue,  and  there  remain  upon 
the  surface  of  the  |)cricardiuni  selenitic  spots,  often  sjioken  of  as 
''  milk  s])ots."  Occasionally  |M>rtions  of  the  fibrinous  exu<hitc  re- 
main niiabsorbcd,  and  together  with  the  thieki'ncd  mendiniiie 
itself  and  the  adhesions  siilVer  calcareous  infiltration.  Tlie 
heart  may  thus  be  encased  in  calcareiins  plates  of  considerable 
thickness. 

Pianleiit  pericarditis  may  terminate  by  discharge  of  the  exu- 
date into  the  esttphagtis,  stomach,  pleura,  or  even  into  the  bronchi. 


Tl».  178.— A<lhe»iTe  pericarditis,  slinwlnij  fit)riii-<l('tK>slt,  wilh  nuw  bluud-veuelB  extending 
L  upward  Into  it  (Perla>. 

Associated  Conditions. — While,  on  the  one    hand,  poricanJitis 
often  follows  inriamniatory  jiroces-ses  in  the  i^nrTOunding  ](arti<,  it, 


,  179.— New  blood-veascla  uud  HliMMii.''tii-  rolls  in  n  bc^nnlng  adhesion  of  the 
pericardial  laytTS. 

the  other  hand,  not  infr«|iiently  occasions  disease  of  the  adja- 
?nt  .structures.     In  most  cases  of  severe  acute  pericarditis  there 
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is  some  associate*!  inflanmuition  of  the  mediastinal  structures  and 
of  the  pleum  cniitigiious  to  the  pericardium.  Cases  which  teroii- 
nate  witli  the  forcuatioii  of  tiljrous  adhesions  within  the  pericaniial 
sac  usually  present,  also,  mediastinal  and  pleural  adhesions  with 
the  external  surface  of  the  pericardium  ( pa-icarditis  interna  ri 
externa).  Myocanlitis  extcniling  to  a  depth  of  1  or  2  ram.  is  seen 
in  nearly  every  case  of  perieanlitis.  In  cases  in  which  consideral)le 
pericardial  exudate  is  present  the  heart-muscle  is  presseti  upai  ami 
impeded  in  function,  so  that  venous  congestions  are  commonly 
oljserved.  Adhesive  {jericarditis  leads  to  hypertrophy  and,  later, 
tlilatation  of  the  chambers  of  the  heart. 


INFECTIOUS  DISEASES. 

Tuberculosis  of  the  perifurdium  may  result  from  the  e 
sion  of  pnltnotiar\'  or  pleural  tulierculosis,  or  of  tulK-rcular  afl'ec- 
tions  of  the  mediastinal  glands.  More  rarely  direct  infection  may 
tx'cur  through  the  niciliuni  of  the  circulation.  Miliary  tuberi'lis 
are  formed  in  the  subserous  and  serous  layers  of  the  membrane, 
while  the  surface  is  covered  with  fibrinous  exudation.  The  attend- 
ant pericarditis  may  be  entirely  fibrinous  and  the  tubercles  may 
be  hidden  from  view  by  a  thick  deposit.  In  other  cases  there  is 
serous  or  hemorrhagic  or  purulent  exudation,  the  latter  especially 
in  eases  in  which  caseous  vomicH'  have  ruptured  into  the  pericar- 
dial sac.  Tnberculous  periwirditis  may  terminate  by  gradual  al)- 
sorption  of  the  exudate  and  fibrous  adhesion,  sometimes  with 
calcareous  infiltration.  In  other  ca-scs  the  net^rotic  and  destructive 
changes  characteristic  of  tuberculous  pnx-esses  elsewhere  gsiin  the 
jis<-eudency,  and  the  ilisease  j^roves  fatal  by  the  seriousness  of  the 
cardiac  invtdvement. 

SjTJhilis  is  an  extremely  rare  condition.  Certain  indurative 
changes  iti  the  jK'ricanlium  have,  however,  been  met  with  in  asso- 
ciation with  syphilis  of  the  heart. 

Actinomycosis  may  result  from  extension  of  actinomycosii 
of  the  mediastinum  or  of  the  Iimgs. 


1 


TUMORS  AND  PARASITES. 

Primary  tumors,  such  tvs  lipoma  and  fibroma,  are  extremely 
rare.      Secondary    carcinoma    and    .sarcoma   are    more    frequent. 
They    result    from    similar    growths    in    neighboring    structures. , 
Hydatid  cysts  and  cysticerci  are  occasi(Hially  met  with. 


PNEUMOPERICARDIUM. 

PneumojMTtcanlium  (air  in  the  pericardium)  may  result  from  , 
perforation  of  the  sac  in  ca.ses  of  fracturt?  of  the  ribs  or  fn>m  pone- j 
tration  of  foreign  bcMlies  through  the  esophagus  into  the  pericar- 
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dinra.  It  also  results  from  rupturt!  of  gastric  or  osophagcal  ulcers, 
anil  a  certain  amount  ot'  giLstoiis  acciimuhiticm  complicates  puruk'iit 
pericarditis  when  the  exudate  undergtx's*  dccomportition.  The 
association  of  air  and  pus  {pneinnopi/iipirirfiniiinii)  more  often 
resultt^  from  swomlarv  purulent  inHamiuutiou  after  the  develop- 
ment of  pneunioperieurdium. 

b  THE  ARTERIES. 

Anatomic  Considerations. — The  arteries  and  veins  consist 
of  three  coats,  e:illcd,  respectively,  the  iiifima,  or  inner  coat,  tlie 
media,  or  middle  coat,  and  the  (ifirrulifid,  or  external  coat.  The 
intima  consists  of  a  layer  of  endotiielial  lining-cells,  helow  which 
there  is  a  thick  fibrous  layer  and  then  an  elastic  membrane.  The 
middle  coat  consists  of  smix)th  muscle-fibers,  while  the  outer  coat 
is  composed  of  the  fibro-clastie  tissue.  Small  bliHul- vessels,  the 
vftMo  v(u>oruin,  ramify  through  the  adveutitia  and  media,  but  Uie 
intima  is  avascular. 

CONQENITAL  DEFECTS. 

P  Certain  defects  of  distril>ntion  and  of  origin  of  the  larger 
trunks  have  been  referred  to  in  the  discu.s,sion  of  congt'nital  <lefecta 
of  the  heart.  Very  commonly  there  are  anomalies  in  the  arrange- 
ment of  the  peripheral  branches,  but  tliese  are  of  merely  anatom- 
ical interest. 

HjTpoplasia. — A  condition  of  inijwrtance  is  congenital  small- 
ness,  or  hy|>oplasia.  This  may  affect  the  aorta  and  larger  vessels 
together  wilh  the  heart,  or  it  may  Ik>  <"on fined  to  the  blood-ves-sels, 
the  heart  being  normal.  Va-seular  hyiM>|)la.sia  has  been  especially 
met  with  in  ehlorfitic  girls,  and  also  weurs  in  persons  of  tubercu- 
lous haltit.  The  aorta  is  .sonietinies  so  small  that  it  liarelv  admits 
the  little  finger,  antl  the  walls  are  usually  correspondingly  decreased 
in  thickness.  Decided  elasticity  of  the  coats  of  tlie  vessels  may 
be  observed. 

HYPERTROPHY. 


This  occurs  when  a  collatenU  circulation  is  established  in  con- 
sequence of  obstruction  of  an  artery.  Similarly  in  the  new  for- 
mation of  tissue  the  blood-vessels  first  formed  are  delicate  vascu- 
lar channels,  which  Bubse(|uently  hypertnipby  and  are  converted 
into  wcll-develop<'f|  arterioles.  In  this  r-ase  there  is  a  uniform 
overgrowth  of  each  of  the  ciunponent  parts  of  ttie  blood-vessel, 
and  not  a  mere  hyperplasia  of  one  or  anotlier  coat. 


I 


ATROPHY. 


Atrophy  may  occur  in  a  part  which  is  undergoing  general 
atrophy,  or  in  consequence  of  jircssure   and    anemia  of  certain 
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areas.  Degencratiitn  of  the  walls  usually  takes  place  in  such 
cases,  and  the  contlitions  are  therefore  more  properly  eousideiwl 
among  degenerations. 


DEQENERATIONS. 

Fatty  Degeneration. — Any  one  of  the  coats  may  be  affected, 
but  till'  process  is  most  ctimmuii  in  the  intima.  P'atty  (legcMii'm- 
tioi)  is  one  i>f  the  iiniMjrtant  tactin's  in  atlierouia ;  more  rarely  it 
occurs  as  an  indc])ciHk'nt  aH'cction  of  the  bliKKl-vessels.  In  tlie 
latter  case  di.-turbanccs  of  circulation  and  toxic  agencies  in  the 
bltifKl  are  the  iinnicdiate  causes.  Snuill  white  or  yellowish  s]»<its 
or  streaks  may  l>e  seen  in  the  cudfitlicliniu,  and  microscopically 
the  eiulnthelial  cells  may  be  fouiirl  i;rnuular  or  filled  with  uil- 
dni|)s.  In  cases  of  jTrcater  severity  there  may  lie  actual  erosion 
of  the  eudotlu'lial  surliice.  In  cases  iu  which  the  media  is  affected 
the  muscle-cells  undergo  fatty  degeneration.  Fatty  degeneration 
may  occasion  rupture  of  the  blood-vessels,  or  calcareous  infiltra- 
tion may  ensue. 

Calcareous  infiltration  is  the  ccimmnn  termination  of  athe- 
rriiii;t,  but  sometimes  ralciticatiou  of  the  intima  or  meilia,  or  even 
of  the  entire  wall  of  the  vessel,  may  1k>  observed  witliotit  arterio- 
Bclerosis.  The  pnwess  is  most  common  in  the  intima  and  media, 
and,  aside  from  the  instances  in  wliich  it  is  a  iKirt  of  athenmia,  it 
may  occur  in  consefpienr-e  of  circiil;it<irv  <listurbances,  or  as  the 
result  of  bonc-tlisease,  with  destruction  of  osseous  tissue  and  sur- 
charijje  of  the  Idood  with  earthy  sjdts. 

Hyaline  degeneration  is  a  condition,  the  nature  and  uniform 
character  of  which  remaiti  in  iloubt.  A  form  of  hyaline  degenera- 
tion is  very  connnoii  in  the  livjicrplastic  tissue  of  arteriosclerosis, 
and  is  gcnondly  the  first  evidence  of  licginning  degeneration.  It 
is  met  with  in  small  Idood-vessels  which  are  nl)structed  by  thrombi, 
or  which  arc  subjected  to  destructive  pressure  by  inflammatory 
new  growths  or  other  causes.  Not  infrequently  it  is  due  to  infec- 
tious fevers  *<v  intoxications,  and  in  these  cases  the  small  arteries 
and  the  ciipiilaries  are  prone  to  be  affected.  Hyaline  degeneration 
of  the  l)lood-vessclp  is  the  striking  feature  of  certain  cylindromata 
(see  Fig.  54).  The  artery  may  show  a  uniform  or  a  more  nmlular 
glass-like  thickening,  and  under  the  micn)scope  the  subcndothelial 
tissue  or  tfie  adventitia,  or  the  entire  wall  of  the  idofKl-vcssel  may 
be  foimd  converted  into  vitreous  substance.  Rupture  of  thv 
affected  vessel  is  a  not  infrcijucnt  n'sult. 

Amyloid  degeneration  counMouIy  begins  in  the  blood-ves- 
sels of  tile  parts  of  the  body  in  which  this  disease  is  found.  In  the 
kidneys  the  fa|)illarv  tufts  of  the  Malpighian  bodies  and  in  the 
spleen  the  capillaries  within  the  lymphoid  nmles  are  first  affected. 
In  these  cases  the  entire  wall  of  the  vessel  is  involved,  and  pre* 
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seats  the  characteristic  appcanmcc-!  of  the  disease.  Amyloid  disease 
is  .sometimes  tbiiiKl  iu  tlic  iiitiiiui  of  tJie  hirger  bloud-vesscls,  uoeur- 
ring  in  small  linear  or  ptiiK'tate  areas,  and  scarcely  to  be  recog- 
nized excepting  by  cheniical  tests. 


Acute  Arteritis. 


^P  INFLAMMATION. 

Inflammation  of  the  arteries  may  affect  tlie  inner,  the  middle, 
or  the  outer  coat,  and  in  a  strict  aiiiitomieul  .sense  the  terms 
endarteritis,  mesarteritis,  and  jieri-arteritis  are  justified  ;  hat,  as  a 
rule,  all  thre<^'  coats  are  more  or  tes.s  involved  at  the  sjinie  time, 
and  no  pnietieal  distiiictiou  can  be  drawn.     There  may  be  acute 

r  chronic  inflammation. 
Acute  arteritis  may  be  of  two  kinds :  a  suppurative,  or  necrotic, 
form,  anil  a  pnwlnctive  form. 

Acute  suppurative  arteritis  occurs  in  the  arteries  travers- 
ing areas  of  supf)unitive  intlaniination,  and  rcsnlt.s  from  the  exten- 
sion of  the  suppurative  pnwess,  It  may  also  occur  in  consequence 
of  the  lodgement  of  infected  emboli  or  a.s  a  result  of  infection  of 
thrombi  within  the  vessels. 

When  the  process  extends  from  without,  the  adventitia  and 
tlien  the  media  are  infiltnited  with  round  cells,  and  in  ca.ses  of 
some  of  the  larger  vessels  there  may  be  visible  pctints  or  collec- 
tions of  pus.  The  process  may  extend  as  deeply  a.s  the  intima, 
and  may  completely  jK^rforate  the  wall  of  the  vt'ssel,  leading  to 
hemorrhage.  The  intima  itself  is  not  directly  involved  hy  the 
suppurative  process  from  the  lack  of  independent  blood-supjily, 
but  the  emigrated  leukocytes  may  intiltnite  it,  and  degenerative 
changes  are  common  in  the  endothelium.  Where  the  process 
begins  by  infection  within,  as  through  softened  thnvmbi  or  infectious 
emboli,  there  is  first  necrotic  or  degenerative  destruction  of  the 
intima,  and  subsequently  infiltration  of  tlie  media  and  adventitia 
with  emigrateil  round  ceils. 

A  form  of  infectious  arteritis  resembling  malignant  endocarditis 
haii  l)een  observed  in  association  with  that  condition  in  a  few 
instances.  Ulcerated  patches  are  seen  in  the  intima  of  the  aorta, 
and  acute  aneurysmal  dilatation  or  even  perforation  has  been  met 
with. 

Acute  productive  arteritis  is  most  commonly  the  residt 
of  tissue-i;hanges  surrounding  the  arteries,  and  is  therefore  con- 
stantly met  with  in  di9C'as<'s  of  org;nis  leading  to  overgrowth 
of  connective  tissue.  The  condition  is  chronic  rather  than  acute 
in  such  instances.  Acute  productive  arteritis  occurs  as  a  conse- 
inence  of  thrombosis  within  the  blood-vessels  when  the  latter  are 
27 
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not  infected.  The  term  thromho-arleritis  has  been  applied  to  these 
cases.  It  is  by  thrombo-arteritis  that  wounds  of  ves.sels  are  closed 
and  the  lumen  of  the  blood-vessels  at  the  point  of  ligation  perma- 
nently obliteratwl. 

The  changes  affect  mainly  the  intima  and  the  adventitia,  both 
of  which  coats  are  densely  infiltrated  with  round  cells.  The 
thrombus,  which  was  the  original  cause  of  the  arteritis,  or  which 
has  resulted  from  the  arteritis,  becomes  similarly  infiltrated  with 
round  cells,  and  as  the  process  advances  is  fouuil  to  be  penetrated 
by  fibroblastic  cells,  which  probal)ly  take  origin  from  proliferation 
of  the  cndothdiiil-liuing  cells  or  from  other  connective-tissue  cells 
in  the  walls  of  the  vessels.  Js'ew  blixitl-vcssels  spring  from  tlie 
vema  vasorum  and  penetrate  the  tliruinbus,  and  a  lesser  number  of 
new  vessels  may  enter  the  thrombus  directly  from  the  liunen  of 
the  occluded  vessel  itself  (see  Fig.  7).  The  process  of  organization 
takes  place  as  in  the  serous  surfaces  generally,  and,  as  new  connec- 
tive tissue  is  formed,  the  thrombus  is  gradually  removed  and  the 
lumen  of  the  vessel  may  become  completely  obliterated.  Less  ei- 
tcusive  involvement  of  the  vessel  may  lead  to  the  formation  of 
bands  of  adhesion  pissing  from  one  side  of  the  vessel  to  the  other, 
and  causing  considerable  deformity  and  distortion.  In  other  cases  ^ 
there  may  be  merely  thickening  of  the  intima  as  a  final  result,  thefl 
thrombus  having  been  washed  away  or  absorbed.  The  media  ^ 
usually  takes  very  little  juirt  in  the  process,  being  merely  itifil- 
trate<l  with  round  cells,  Init  the  entire  wall  of  the  vessel  niay 
become  fibroid  in  the  terminal  stages  and  the  separate  coats  may  j 
be  indistinguishable.  fl 

Feri-arteritis  Nodosa. — Under  tliis  name  has  been  described  a  form 
n(  |>riKluctive  influiiniiiition  of  the  adventitia  leading  to  the  formation  of 
fibrous  nodules.  In  some  of  these  cases  there  is  no  doubt  a  different  path- 
ology, as  in  the  instances  in  which  the  intima  has  been  found  to  protrude 
in  a  herniutis  manner  through  defects  in  the  media,  but  in  most  cases  the 
di8ea:se  is  a  productive  peri-arteritis  (see  also  under  Aneurysm). 


Arteriosclerosis. 

Arteriosclerosis,  or  endarteritis  chronica  deformans, 

is  a  chronic  degenerative  and  inflammatory  di.sease  of  the  arterial 
system.     It  may  be  confined   to  the  arteries,  or  may  be  more 
extensive,  involving  the  capillaries  as  well,  when  the  term  aiicrio'l 
capillarv  fibrosis  {(iull  and  Sutton)  is  applicable.     Sometimes  thej 
veins  also  are  involved,  and  for  this  condition  the  name  awyto-l 
sclerosis  has  been  proposwl. 

Etiology. — Arteriosclerosis  is  a  physiologic  process  of  old  ajje, 
and  probably  begins  as  early  as  middle  life  in  most  persons.  The 
earlier  occurrence  of  the  disease  or  the  more  extreme  grades  of  iU 
severity  are  dependent  upon  a  variety  of  causes,  among  which  cer- 
tain chronic  intoxications,  viz.,  syphilis,  gout,  chronic  alcoholism, 
and  chronic  nephritis,  arc  prominent.      An  important   cause  b 
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muscular  exertion,  and  it  is  not  uncomnuin  to  find  marked  in- 
statK'es  in  persons  whose  life  or  occupiUion  has  suhjecttMl  tliein  t<> 
iinii.siial  nuifieular  strain,  (.'aelicctii'  roinlitions  of  various  kinils 
may  play  a  pjirt,  as  in  cases  of  <'art;inonui,  tiilierfulosis,  or  irmni- 
tion ;  and  sometimes  tlie  elironi<.'  arterial  disease  follows  after 
acute  infections,  such  as  rheunuitism,  scarlet  fever,  typhoid  fever, 
and  the  like. 

Pathogenesis. — Not  a  little  difference  of  opinion  has  e.xistetl  in 
rejranl  to  the  manner  in  which  the  ri'eojrnizcd  eauscs  of  artcrio- 
strlerosis  operate.  At  first  it  wjls  gctK-nilty  maintained  that  the 
infectious  and  toxic  a^^neies  din-ctly  irritate  thf  inner  lining  of 
the  hloo<I-vessels  and  produce  inHaniinatory  thickeninj;:.  This 
view  has,  however,  been  quite  generally  abandoiud,  and  it  now 
seems  establishetl  that  degenerative  elmng<'S  and  loss  of  elastit-ity 
in  the  vessel-wall  are  the  result  of  the  primitive  causes,  aivd  that 
the  hypeq)lastie  processes  in  the  intiiua  and  other  parts  of  the 
arterial  wall  are  the  ultimate  result. 

In  cases  of  arterioselerfjsis  occurring  in  old  age,  i<)r  example, 
the  first  disturbance  of  the  blotKl-vessel  consists  in  the  loss  of 
elasticity  in  the  muscularis  and  the  ovenlilatation  of  the  blowl- 
vessels.  Secondarily,  in  conse<|uence  of  this  loss  of  elasticity, 
there  is  a  hyperplasia  of  the  intima,  which  serves  in  sotne  measure 
to  contract  the  lumen  of  the  vessels  and  thus  restore  tlie  vascular 
channels  to  their  normal  condition.  In  cases  of  purely  patho- 
logic arteriosclerosis  similar  functional  weakness  of  the  muscularis 
or  more  pnjnounced  and  dcmoiistr.ible  degenerative  changes  may 
l)€  the  primar\-  conditions,  which  in  the  end  lead  to  arteriosclerosis. 
In  all  cases  the  direct  effect  of  elevations  of  blood-jircssure  may 
play  an  imp«>rtant  part,  and  in  cases  of  muscular  overwork  or  of 
nv|)ertrophy  of  the  heart  the  increased  vascular  tension  maybe  the 
all-important  cause. 

Pathologic  Anatomy. — Arteriosclerosis  may  be  a  (fifii^  process, 
atfecting  more  or  less  uniforndy  a  large  part  of  the  arterial  system, 
or  it  ttuiy  Iw  a  circurwrlfM-rl  <ir  it'/ditlfir  condition.  In  the  latter 
instance!*,  which  are  most  common  in  the  aorta  and  large  vessels, 
there  are  seen  on  the  inner  lining  t»f  the  vessel  nwlnlar  elevations, 
varying  from  the  merest  {wints  to  areas  the  size  of  a  small  coin. 
These  are  rai.sed  a  millimeter  or  two  above  the  surface,  and  in 
their  earlier  stages  hav<'  a  translucent  grayish  color  ;  they  are 
covered  with  smooth,  unaltered  I'tidotlieliinti.  Later,  degcncrtitive 
changes  ensue  and  the  mnlule  becomes  dull  white  or  yellowish  in 
lor,  and  finally  calcification  may  render  it  extremely  hard  (tilhe- 
ronudotu*  plate).  The  focus  may,  ou  the  other  hand,  s<iften  com- 
pletely by  degeneration  and  may  discliiirge  into  the  lumen  of  the 
vessel,  leaving  a  necrotic,  ulcenit<'d  patcii  {tifhcronutfotut  ulctr). 
Calcareous  change  may  now  occur,  and  the  surface  ma>'  be  covered 
with  thrombotic  fibrinous  deposits.  These  circumscribed  areas  of 
ruriosclerosia  may  he  few  in  number  and  widely  separated.     In 
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such  cases  the  openings  into  the  coronary  arteries  and  tiie  other 
brunches  of  the  atirta  are  the  favorite  seats.  In  other  cases  the 
plutt's  may  l)e  .so  nimieroii.s  and  tiiiekiy  set  that  the  aorta  is  com- 
pletely tninsformeil. 

Ditrtise  arteriosclero.si.s  is  especially  frequent  in  ehJerly  p<'r- 
sons,  and  is  more  common  in  the  small  vessels  than  in  the  aorta. 
Sometimes  it  is  associated  with  the  notlular  form ;  sometimes 
tlie  niMlular  ehanj^e  is  wanting. 

Mk'roxfDji'milhi  the  iKidiilar  elevations  are  found  to  consist  of 
dense  sdenitie  tissue  in  whieii  deeply  staining  cells  of  elongated 
elianieter  may  lie  visible,  the  hy|)erpla.sia  aiJ'eeting  the  snbendo- 
thelial  jMirt  of  the  iutinia  in  the  earliest  stages  (Fig,  180).    Sub- 


t 


PlO.  J80.— Transverse  section  of  a  cerebral  vrasel.  in  a  case  of  endarleritU  iKxtwi  iBlKb- 

Hintchfi-ldi. 

seqiiently  degeneratinn  of  the  nodule  lieconies  manifest.  At  first 
the  intereelhitar  material  assumes  a  liyaline  character  and  becomes 
glassy  in  ap|K'aninee.  The  cells  themselves  may  suffer  fatty 
degenenitiiHi  front  pressure.  Later  the  whole  area  undergoes 
myxomatous  or  more  pnrtietdarly  fatty  deg<'neration,  and  breaks 
down,  forming  a  pultaeeous  detritus  in  which  fat-dnips  and  cholcs- 
tcriD-plates  are  prominent  (Fig.  181).  Eventually  calcareous 
granules  are  dej«)sited.  In  diffuse  arteriosclerosis  the  changes 
resemble  those  met  with  in  the  niHlular  form.  There  is  wide- 
spread thickening  of  the  arterial  enats  invr>lving  the  subendothelial 
tissue  at  first  and  later  the  entire  wall.  Secondary  <legrncrative 
changes  in  areas  or  patches  occur  in  the  large  arteries,  but  arc  less 
common  in  the  small  vessels. 

Fattv  degeneration  and  calcification  may  also  be  apparent  in 
the  medii»,  and  more  or  less  hyperplastic  connective-tissue  over- 
growth may  be  seen  in  the  adventitia.  In  c«s*'s  of  diffuse  arterie- 
seleriisls  the  media,  as  a  rule,  is  fliiekcned  by  hy|H"rtropliy  of  tlu- 
muscle-fibers  as  well  as  by  .seieii>sis ;  but  in  the  iKxhiiar  forms  tite 


Fio.  181.— Atheromutiius  ilegencratimi  >;f  u  ccrubral  artvry  (Karg  and  Schmorl). 

lof  bloo<l-ve9s<?ls  may  lie  c|nit(.>  [tronouinied. 

•  ever,  are  not  usual  aiul  iint  cliaracteristif. 

Besolts. — In  the  smaller  liliMKl-vt'ssels,  partieulnrly  in  those  of 
the  bruin,  the  hyiier])la,«ttc  pnieess  in  tlie  intinu*  may  proceed  to 
such  a  degree  tliat  tlie  lumen  of  the  vessels  is  almost  completely 
obliterate*]  (enthi rferititi  ofditentiis).  ('ompletc  obliteration  may 
take  place  by  direct  union  of  the  ojtposite  walls  of  the  vessel,  or 
there  may  he  first  thrombosis,  with  subsequent  orj^dnization  of  the 
thn>nibus.  In  the  aorta  and  in  some  of  its  larger  branches  tlie 
loss  of  elasticity  consequent  upon  the  formation  of  tihrous  tissue 
and  subswpient  degenerations  leads  to  gmdnal  dilatation  of  the 
blood-vessel  walls,  either  in  the  form  of  diffuse  ectasia  or  of  local- 
ired  aneurysmal  sacs.  Sometimes  the  degencnition  of  the  dis- 
eased area  ot-casions  sfKintaueous  rupture  of  the  vessel. 

Portions  of  the  throniliotic  d<'posits  njMin  the  roughened  lining 
of  the  vessels,  or  jxirtions  of  tlie  degenerative  tissue  itself,  may  be 
di.s<^hargcd  into  the  circulation,  and  may  be  carried  to  the  periph- 
eral parts  as  emboli. 

I  Changes  in  Other  Organs. — Diffuse  arteriosclerosis  places  an 
imjiediraent  up<jn  the  heart  which  leads  to  hypertrophy  of  its  walls, 
and  in  jwrticidar  of  the  walls  of  the  left  ventricle. 

When  the  process  affects  the  small  blmxl-vessels  in  the  sub- 
Stance  of  the  various  oi-gans,  degenerative  changes  due  to  anemia 
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and  reactive  hypoqilasia  of  connective  tissue  arc  common  results. 
Tims,  in  cases  of  sclerosis  aficcting  tlie  cereliral  vessels,  cerebral 
soi'tening  is  comnnmiy  met  witli,  while  in  cases  in  which  tht 
hraiK'hes  of  the  cl^rf>na^v  or  of  the  ivnal  arteries  arc  affecti-d, 
degeneration  and  fibroid  changes  are  seen  in  the  heart  and  kid- 
neys. 

INFECTIOUS  DISEASES. 

S3T)liiHs  may  involve  the  IjIoikI-vcsscIs  in  a  variety  of  ways. 
No  (luiilit,  syjrliilitic  iiilL-ctioii  i.s  the  most  potent  mnse  in  the  pn>- 
diiction  of  arteriosclerosi.s,  but  more  sjK-cific  involvement  of  the 
vessels  o^^curs.  Thus  in  area^  of  syphilitic  infiltratiun  and  indura- 
tion or  adjoining  giiniinuta,  the  Idimd-vessels  present  notewurlliy 
changes.  The  iutinia  and  tlrr  ndviiititia,  but  jmrticularly  thf 
former,  imdergo  great  hypirpla!-ia,  and  the  lumen  of  the  vessel 
may  be  almost  oljlitenited.  The  changes  are  first  noted  in  the 
intima,  where  large  numbers  of  epithelioidal  cells  are  formed, 
while,  later,  infiltmtion  of  round  cells  is  observed.  The  adven- 
titia  is  similarly,  but  less  extensively,  affected.  There  is  no  his- 
tologic or  macroscopic  feature  by  which  the  syphilitic  nature  of 
the  disease  can   be  jiositively  asserted. 

Tuberculosis. — The  arteries  may  become  involved  in  areas 
of  tuberculosis,  tliough,  as  a  rule,  they  prove  resistant  for  a  long 
time.  Typical  caseous  degeneration  may  be  seen  in  the  walls 
of  the  l>lood-vessel»,  beginning  in  the  adveiititia  and  gradually 
advancing  towanl  the  interior.  In  the  Imigs  these  changes  are 
not  iufre{|iient!y  seen  in  the  walls  of  tubercuhius  cavities,  and 
as  a  result  there  may  be  small  ani'urysmal  dilatations  at  the 
point*  where  the  wall  of  the  vessel  has  become  erodetl  and  weak- 
ened. It  is  from  such  vessels  that  the  severe  hemorrhages  of  the 
late  stages  of  phthisis  take  ])hicc.  S<inietinies  the  blrKni-vesiSels 
of  the  tuberculous  area  present  pri>ductive  change  leading  to 
great  thickening  of  the  adventilia  and  of  the  intima,  and  there 
may  be  considembie  narrriwing  of  the  lunieu  of  the  vessel.  This, 
however,  is  less  common  than  the  degenerative  changes  before 
alluded  to. 

ANEURYSM. 

Definition. — By  aneurysm  i.s  meant  a  more  or  less  localized 
dilatation  of  the  arterial  walls.  The  term  has,  however.  Ix-cn 
applied  also  to  <'olleetions  of  blood  outside  of  an  artery  enclosed 
by  an  adventitious  wall  and  consequent  U])on  a  rupture  of  the  ves- 
sel. The  name  fnlHC  or  spurious  aneun/mi  has  been  .specially 
apjilied  to  such  cases,  while  the  term  true  nncurjfmn  is  ^eser^•e<I  for 
such  as  conform  to  the  first  definition.  It  is  preferable  to  confine 
the  single  w(jnl  aneurysm  to  the  latter. 

Etiology. — Aneurysms  are  always  due  to  some  weakness  of 
the  walls  of  the  blooil-ves.sel  and  to  the  distending  force  of  the 
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blood  within.  It  is  therefore  most  common  to  fiufl  the  disease  in 
]H*rsous  beyond  the  age  of  forty  or  forty-five  years,  and  particu- 
lar! v  in  those  wiio  have  acquired  arterioselcmsi.s.  Aiiiuiig  (he 
remote  causes,  therefore,  are  tlie  causes  of  arterial  disease — syph- 
ilis, gout,  ale<.)holism,  Icad-poisoniug,  and  other  ctinmic  intoxica- 
tions. Sometimes  it  would  seem  that  tlicre  is  an  hcreiiitary  weak- 
ness of  the  arterial  coats,  and  instances  of  aneurysm  occurring  in 
successive  generations  have  been  reconled.  Even  congenital  aneur- 
vsms  have  been  observed.  As  contributing  causes  may  be  ninkwl 
all  conditions  which  increase  the  hlond-pressurc.  Thus  lal)orious 
occupations,  hypertrophy  of  tlie  heart,  and  diseases  whicli  occasion 
constant  excess  iif  Iduwl-prcssun'  give  rise  to  arterial  degt'neration 
and  also  to  dilatatiim  of  the  vessel  in  a  purely  mechanical  way. 
Sudden  aneurj-smal  dilabition  of  the  weakened  vessel  may  occur 
after  severe  straining  elforts,  as  in  coughing,  during  labor,  in  tlie 
straining  of  oljstinate  constipation,  etc.  Of  all  the  causes,  syphilis 
is  most  imp<^^)rtant. 

More  acute  degenerative  changes  in  the  blood-vessels  may  lead 
to  aneurj'smal  dilatations.  Thus  in  the  rare  instances  of  acute 
aortitis  in  a.ssociation  with  malig- 
nant endoeartlitis,  small  aneur- 
ysmal dilatations  and  even  nqiture 
of  the  aorta  may  otTur.  Emhidisra 
plays  a  part  in  a  similar  niaiiiier. 
Sometimes  a  calcareous  embolus 
from  a  diseased  valve  of  the  heart, 
or  from  an  atheromatous  plate  in 
the  aorta,  may  lacerate  the  walls 
of  the  jieripheral  vessel,  leading 
to  the  formation  of  a  dilatation. 
Jn  other  cases  infecte<l  emboli 
(as  in  malignant  endwarditis  or 
thromljosis  with  secondary  de- 
generation of  the  clot)  lodge  in 
the  peripheral  vessels  and  occa- 
sion acute  inflammatory  or  de- 
^nerative  lesions  of  the  walls, 
and  eventually  aneurysmal  dila- 
tation. These  cases  are  analogous 
to  the  aneurj'sms  of  lower  animals, 
cansetl  by  animal  panisites  (Fig. 
182). 

The  artery  most  commonly  af- 

fectetl   is   the  aorta,  and  in  particular  the  thoracic  portion.     A 

majority  of  the  aneurj-sms   aiFecting    the    thoracic    part  of  this 

ves.sel  arise  from  the  as<'unding  lind>,  and  nut  rarely  it  is  one 

f  the  sinuses  of  Valsalva  that  first  suffers   dilatation.     Ne.xt 


Flu. 


182— Worm-«neur;nn  of  the  hone 
iLvuekart). 
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to  the  aorta  in  point  of  frequency,  the  p)plitejil,  femoral,  carotid, 
aulwlavian,  innominate,  axil  far}',  and  iliae  vessels  are  aflected.        ^ 

An  interesting  form,  and  one  of  great  frequency  uncj  clinical  signifi- 
cance, is  that  wliicli  Bifects  the  small  blood-vessels  of  the  brain,  fmrticulariy 
the  hninches  sup[>lying  the  lenticu- 
liislrirtte  boily.  This  is  the  so-called 
miliary  ititeiiTi/mH,  which  is  cimiinonly 
tho  cause  of  cerebral  hemorrhage 
(Fig.  183).  It  is  simply  a  i>niall 
saccular  aneurj-sni  due  to  weakening 
of  the  blood-vessel  walls  by  sclerosis 
or  degeneration. 

In  some  cases  of  the  condition  de- 
scribed as  peri-nrlrriti*  niidutii  (.see 
page  418)  there  has  been  discovered 
a  liernious  prnjection  of  the  intima 
through  defects  of  the  media.  These 
have  been  recorded  as  instaueea  of 
congenital  aneurysm  ;  but  tliis  expla- 
nation does  not  suffice  for  all  cases 
(see  Arteriti-s), 

In  phthisical  lungs  there  are  often 
found  sonicvvhat  similar  hernious 
aneurysms,  due  to  erosion  of  the  ad- 
vcutitia  and  media  by  the  tubercu- 
lous process  ;  and  it  is  ironi  these  that 
the  severe  hemorrhages  of  the  late 
stages  of  phthisis  occur. 


Fia.  183. — Miliary  aneurjim  of  the  brain. 


Fir,.  184— Cylindrical  and  lome- 
whal  cirsoid  aneurysm  of  the  »t>- 
dontlnal  aortn:  an  or>cnin);  has  Wyn 
made  tu  •^hovi  the  clot  nithln  ifnjm 
a  speeimen  in  the  Mnseimi  of  the 
Philadelphia  Ui»|iitiil). 


Pathologic  Anatomy. — Aneury.sniH  may  l)o  of  tliree  kinds: 
(1 )  those  in  which  there  is  quite  general  iHlatation  of  all  of  the  coats 
uf  the  vessel,  which  therefore  present  themselves  in  the  t'orm 
of  a  more  or  less  uniform  dilatation  {cclatic  aneurysm) ;  (2)  those  iu 
which  a  local  weakening  lead.sto  the  formation  of  a  .'saccular  jwurli, 
often  coriimiiiiicatinfj  with  the  artery  by  a  narrowed  orifice  (wficcu/or 
(iiKitriftiin);  ami  (;i)  those  in  which  a  rupture  of  the  intima,  and 
usiially  of  portions  of  the  media  as  well,  ha.*  led  to  infiltnition  of 
bltMKl  hetween  the  tunics  of  the  ves.scl-wall  {iViKwvtinif  oitmrifiim). 

1.  Ectatic  Aneurysm. — There  is  more  or  less  uniform  dilatation 
in  these  cases,  and  there  may  be  distinguished  ftis'ijorm  or  spindlt- 
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hajjrd  and  ciflindncal  varieties,  acoonliiij;:  to  the  shape  assumed 

Fig.  184).     In  wme  instances  the  vessel  is  rendered  tortuous  by 

lie  uncf^iial  involvement  of"  different  portions,  and  to  this  form  the 

|t'  ryAD/iniay  i)e  applied.     The  siime  term,  as  well  as 

[t:  ii'itir  niirun/Kiii,   is  j];iven  to  certain  eonditions  of 

lie  arteries  of  tlie  scalp  jukI  other  jmrts  which  lead  to  the  fornia- 

b<>0  fif  tortuous  vessels  standing  out  pniminently  beneath  the  ekin  ; 

Jt  thesw  are  instances  nitlier  of  hypertrophy  of  the  coats,  witii 

LOf  length  and  thickness  of  the  walls,  without  in  reality  any 

i\  dilatation  at  all. 

In  cctatic  aneurtsms  the  intima  and  adventitin   are  usually 

lickeoed,  and  there  ai*e  jieiurully  atheromatous  patches  in  the 

>rraer.     The  media  is  generally  thinner  than  normal,  and  may  be 

cttjaUy  deficient  in  places.     Ectatic  aneur^•sms  may  show  a  cer- 

lin  amount  of  thrombosis  in  the  form  of  laminated  clots,  when 

lirrc  are  pouchings  or  ine<|ualitie8  iti  the  dilatation ;   but  very 

'rijuently  tliere  is  no  thrombosis. 

2.  Saccular  Anemysm. — This  is  the  most  important  variety. 
Locordixtg  to  Thoma  and  others,  the  first  step  in  the  process  is  the 


Ai 


MV— €accuUr  ■Dcuo'^ni  ut  the  arch  of  tlie  aorta,  proJecUag  Ibrvard  and  atucbcd  to 
the  libs  tZIegler). 


wraJcening  or  giving  way  of  the  media,  followed  by  gradual  dila- 

Mion  of  the  intima  and  adventitia.     There  rei*ults  a  saccular 

_liIatation  communicating  with  an  arterj',  from  which  it  arises  by 

a  more  or  less  narrow  orifice  (Fig.  185).     The  aneur}'sroal  sao 
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grows  larger  and  larptr,  and  may  eventually  rupture;  but  even 
then  a  sec^ndarj'  retaining  wall  may  be  funned  by  coudensaticm 
and  reactive  hyperpla.sia  of  the  surmunding  tissues.  The  wall  of 
the  aneurysmal  sac  consists  of  thickene<l  atlventitia  and  intima,  the 
media  being  usually  thinned  and  often  completely  wanting.  The 
intima  is  generally  covered  with  atheromatous  plates,  and  the  cav- 
ity, as  a  rule,  contains  more  or  less  abundaut  laminated  clots, 
which  tend  to  contract  and   organize,  or  to   suffer  subsequent 


FlO.  188.— Siecular  anil  partly  ci 
aorta  (from  u  hpeciiutrii 


■m  of  the  liescendlnif  pan  of  the  arch  of  the 
cum  of  thf  I'lilladelpliiH  H<x.|ilul). 


degeneration.     The  aneurysm,  if  small,  may  be  completely  heak 
by  the  organization  of  the  clots  within. 

The  tissues  surrotmding  the  aneurAsm  are  pu.shed  aside  or 
compressed,  and  may  suffer  extensive  necrasis.  In  cases  of 
aneurysm  of  the  thoracic  aorta  the  sternum  and  ribs  may  be 
eroded,  and  the  aneurysm  may  project  bcnonth  the  skin  anteriorly 
and  eventually  rupture  (Fig.  1S8).  In  other  cases  the  trachea, 
bronchial  tubes,  or  lungs  are  compressed,  and  rupture  takes  place 
through  the  trachea  or  bronchi  (Fig.  189).  In  still  otliera  the  sac 
projects  posteriorly,  erodes  the  Iwdies  of  the  vertebiie  and  ribs, 
and  may  compress  the  spinal  cord  or  may  project  beneath  the 
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|es  of  the  back.  Occasionally  communiaition  is  estaljlished 
i  the  larpe  venous  trunks,  jwrticularly  tlii>  descending  vena 
h.  Complete  arrest  or  cure  of  an  aneurvsni  may  take  place 
^Tganizntion  of  the  clots  cfintained,  liiit  sueli  a  result  is  rare. 
L  DiasectiiiK-anenrysm  is  ni<ist  eoninion  in  the  aorta.  As  the 
It  of  degenerative  lesions  or  ()f  nu'clianieal  injury,  rupture  of  ■ 
Lntinia  occurs,  and  the  lilnod  finds  its  way  hetween  tne  coats 
be  artery,  often  burrowing  to  consitlerable  distances.  In  a 
under  my  observation  the  walls  of  the  aorta  were  dissected 


(7.— SMCulttr  nncuryain  of  the  McendinK  part  of  ihe  atfti  of  Iho  aorta  (fh>m  a 
I  specimen  In  tliu  Museum  of  llie  l"hila<lflphli»  HiwiiUnl). 

tu*  as  the  bifurcation,  where  secondary  rLipturen  had  occurred 
|»e  intinia  (Fig.  190).  Usually  the  dissection  takes  place  in 
|nie<lia,  which  is  thus  separated  into  two  jmrts.  Subsequently 
ladventitious  canal  may  become  line*!  with  endotheliuni,  and 
liy  case  atheromatous  plates  ha<l  formed  in  the  latter. 
dissociated  ConditionB  in  Other  Parts. — Sonic  hypertrophy 
be  heart  may  weur  when  an  aneurysm  is  situated  ucar  the  root 
lie  aorta,  and  particularly  in  instances  in  wliieh  direct  press- 
lb  brought  to  bear  ujmih  the  lieart.     As  a  rule,  however,  the 


Flo.  189.— The  ti«che«,  showing  perforation  ntnn  Hnciirysm  of  the  aorta  fftom  ■  «p«di««i 
In  the  Museum  uf  the  rhlladolphm  Hi«pUal). 

been  alhulod  tn.  Portions  of  the  clot  within  the  anounsmul 
cavitv  not  nircly  Ixroino  sepanitfii,  and  arc  carried  as  emboli  to 
the  pcrijilicral  part.s  of  the  circulation. 
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Palse  or  spurious  aneurysms  most  ooiuninnly  result  from 
traumatism,  tliouixli  soiiu'tinu's  sijwintiiiiuoits  riipturL- of  the  vessel  is 
the  immediate  cause.  The  liUxxl  may  find  its  way  from  tlie  rupt- 
ured artery  into  the  siirroiin(liii<;  tissues,  fonnin;^  a  hlood-timior, 
or  hetnaiotna ,  which  becomes  ci>c!i|>siilate(i  l»y  coinIcHs;itiun  ot"  the 
surrounding  tissues  an<l  liy  reactive  overj^rowth  of  connective 
tissue.  The  retaining  wall  thus  foniM'd  may  in  sonic  eases  he 
lined  with  endothelial  cells,  an<l  secondary  iutiannnatory  thicken- 
ing or  atlieromatous  plates  may  form.     \Vlun  an  artery  and  vein 


Fio.  1!<0.— DisKcrtlDi^-anearYiim  of  the  aorta:  the  aneuryKDi  bv^aii  tivar  the  aortlo 
kItcs  Btxl  cxtpiKle'l  ti>  the  iliac  brancbca,  couvvrting  U\u  aorta  lulu  a  double  tube: 
,  ti»iuTene,  b,  longitudinal  section. 

are  both  injured,  a.s  is  sometimes  the  case  in  phlebotflray,  the  blood 
may  enter  the  vein  and  distend  this  rnarkeilly.  The  term  aneur- 
ymuil  varix  is  applied  t«>  such  eases.  In  other  instjinces  the 
artery  and  vein  coiniunnicate  by  an  intermediate  sac  formed  by 
the  condensation  of  the  intervening  tissues,  and  for  such  the  name 
varicose  aneurymn  is  used. 

THE   VEINS. 

Anatomical  Considerations. — The  veins  resemble  the 
arteries,  excepting  that  the  mnsenlar  coat  is  less  well  developed 
and  that  most  of  the  veins  are  supjdicd  with  endothelial  n-dupli- 
cations  or  folds,  which  act  as  valves  and  prevent  the  backward 
flow  of  the  blood. 


CIRCULATORY  DISTURBANCES. 

Thrombosis  of   the  veins  is  the    most   impfirtant  condition, 
fhis,  however,  is  sufficiently  considered  under  Thrombosis  (p.  57). 


430 


TEXT-BOOK  OF  PATHOLOGY. 


DEQENERATIONS. 

Fatty  degeneration  uf  the  intima  and  niwlia  may  occur,  as 
in  tlie  urtcrifs,  but  it  is  eompanitivoly  rare  and  unimjK>rtant. 

Calcification  is  met  with  iu  veins  which  have  become  dilatd 
or  varicose,  or  otherwise  diseasetl. 

INFLAMMATION,  OR  PHLEBITIS. 


Acute  phlebitis  !;<  a  (•(nn|ranitively  common  affe<'tion.  It 
may  (n'cur  as  thi'  rt-siilt  of  inHainmation,  particuhirly  iufectiou: 
inflammation,  in  the  ncigiil)urii<md  of  the  vein.  In  such  cases  the 
outer  coat  is  first  involved,  and  tiie  term  jK-riphlebitis  is  properijr 
applied.  This  condition  is  met  with  in  a.ssociation  with  infected, 
wounds  and  phlegmonons  inflammations  of  the  subcutaneottt' 
tissues.  The  veins  Ueneath  tiie  i^kin  may  be  distinctly  visible  at 
blue  streaks  ninninjj;  iu  various  directions.  Microscopically  there 
is  found  to  be  an  invasion  of  the  adventitia  with  round  cells,  and 
actual  foci  of  sup]>unition  are  not  uncommon.  The  cellular  iniil- 
tration  may  extend  to  the  me<lia  ami  sometimes  to  the  intima,  and 
not  rarely  thrombosis  occurs  within.  The  thnimbi  thus  formed 
may  secondarily  become  infected,  soften,  and  occasion  septic  embo- 
lism. 

In  another  group  of  cases  phlebitis  begins  from  within,  and  is 
the  consequence  of  primarj-  thrombosis  of  the  vein  (Figs.  191  and 
192).      To   such  the  name   thrombophlebitis  is  applicable.     The 
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FlO.  15J. — TliroiJib'>phlet)Ul8  of  tlie  ferufjrn]  v. -in  ifr.iin  u  wpccim^'ii  in  itic  Miiscam  of  the 
Fhllndelplilii  Ho«|iltnli. 

histoloi^ie  elianj;ea  are  similar  in  these  to  those  which  ocnur  in 
thronibo-arteritis,  and  as  terminal  results  localized  thickening  of 
the  venous  wall  or  irregular  eontnictions  by  the  ff)rmation  of 
fibrous  adhesions  and  even  complete  obliteration  of  the  venous 
channel  may  result.  When  the  thrombus  is  thus  organized  or 
partially  orpinized  calcification  may  eventually  occur,  and  in  this 
manner  phkboUtJin,  or  \'ein-»tones,  are  formed. 

Chronic  phlebitis,   or  phlebosclerosis,   corresponds  to 
chronic  arteritis  nr  arteriosclerosis.     A  certain  amoimt  of  chronifti 
inflammatory  thickening  of  the  vein  ensues  as  a  consequence  o1 
thromlwphlebitis.      Phlebosclerosis  may  also  be  due  to  overdii 
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tention  of  a  vein  resulting  frtmi  thrornhosis  or  otiier  forms  of 
obstruction,  and  thus  plays  a  sticondary  {uirt  in  dilatation  of  the 
veins,  or  phlebectasia. 

Phleboselemsis  may,  however,  occur  as  a  widespread  affection 
in  association  with  arteriosclerosis,  thoujjh  randy  in  equal  degree, 
in  consequence  of  certain  systemic  conditions — syphilis,  alcohol, 
gout,  etc.     The  changes  occurring  in  the  vein  are  practically  the 
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Fio.  19Z.— Phlebitla  and  periphlcbltU  of  the  umbilical  vein  of  tbe  new-born :  paralent 
Infiltretion  of  the  Intlma  and  adventiUa;  calcareous  particles  In  tbe  media  (Birch- 
Ilinchreld). 

same  as  those  in  the  arterv,  but  the  new-forme<l  fibrous  tissue  in 
the  intima  less  commouly  undergoes  degenerative  changes  and 
calcification  than  in  arterial  sclerosis. 

^|  In  cases  of  congenital  syphilis  an  interesting  form  of  thicken- 
ing of  the  intima,  Iea<ling  to  stenosis  or  even  complete  obstruction, 
has  been  found  in  the  veins  of  the  umbilical  cord,  and  less  fre- 
quently in  the  |)<irtal  vein.  Similar  hyperplastic  cndfiphlebitis  has 
been  found  in  the  veins  of  the  extremities  in  syphilis  of  adults. 


DILATATION  OF  THE  VEINS;  PHLEBECTASIA;   VARICOSITY, 

diology. — Dilatation  of  the  veins  o<'curs  from  mechanical 
obstruction  to  the  circulation  or  from  weakness  of  their  walls. 
It  presents  itself  more  commonly  in  dependent  portions  of  the 
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body,  and  is  particularly  fVfijiRiit   in  the  veins  of  the  legs, 
the  reetum,  of  the  ueek  of  tlie  blmlder,  of  the  jipermatie  cord,/ 
of  the  scrotum,  and  of  the  vagina. 

Mechanieal   causes   are    most   important.     Thus    In  cases  of ' 
cirrhosis  of  the  liver,  of  obstinate  cctnstipation,  and  of  pelvic 
tumors,  dilatation  of  the  veins  of  tlie  rectum,  causing  hemor- 
rhoids,   is    freipieiit.      In    cases   of  abdominal    tumors,  nptiitt^j 
pregnancy,  or  other  causes  of  oljstruction  to  the  venous  return  uf  | 
the  blood   from   the  lower  extremities,  varicosity  of  tlie  veins  of  1 
the  legs  is  frcijuently  observed.     Always,  however,  local  diseaj* 
of  tlie  veins  themselves  tends  to  make  the  dilatations  more  pro-| 
nounced,  and   in  addition   systemic  depression,  and    particularly! 
cardiac  weakness,  are  crjntributing  causes  which  o|X'rate  by  aiding:; 
in  the  stagnation  ol'  the  blo<jd,  wiiich  otherwise  might  pass  by  col- 
latcml  ehaiiiii'ls  to  its  projier  destination. 

Pathologic  Anatomy. — The  veins  in  phleboctasia  Ix-coraej 
dilated  and  also  elongated,  so  that  they  soon  assume  a  tortuoa 
character.  Not  rarely  masses  of  mneh-dilated  veins  lie  closelyi 
aggregated  in  groups  or  elnmps  bcni-ath  the  surface  of  the  skinj 
ami  commnnicatifms  may  be  established  between  the  adjoining 
piniches  of  dilatation,  ami  thus  a  cavernous  ti.ssue  is  formed.  The  ^ 
walls  of  the  dilated  veins  are  usually  considendjly  thickenedfl 
(phlebosclenisis),  and  even  calcification  may  occur  in  the  intima.     i 

Results. — Tlie  circulation  of  the  blood  is  slowed  and  throm- 
bosis is  therefore  frequeiit.  The  thrombi  may  undergo  organijEi- 
tion  or  calcification,  or  in  other  casi's  may  sof\en  and  occa'ion 
embolism.  When  varicosities  are  established  in  the  veins  of  any 
Bubniiicoiis  tissue,  catarrhal  inflammation  of  the  overlying  mucwa 
is  occasioned  and  generally  proves  obstinate.  At  the  same  time  k; 
certain  amount  of  hy]u'r]>l!isia  of  the  connective  tissue  between  the 
dilated  veins  takes  [ihicc  and  thickening  of  Xhv.  mucous  membrane 
results.  When  the  subcutaneous  veins  are  involved  the  skin  i? 
prfme  to  become  thickened  and  to  ])resent  eczematous  inflamma- 
tion, while  the  subcutaneous  tissue  may  be  greatly  increased  in 
thickness  and  density  (phlebectatic  elephantiasis,  or  pachydermia i. 
Not  rarely  ulcerations  of  the  skin  oi  the  lower  extremity  owe 
their  origin  to  varii'osity  of  the  veins,  and  such  ulcers  are  prom; 
to  prove  indolent  and  obstinate.  Heniori'hage  may  txvur  from 
varicosities  of  the  submucous  veins,  particularly  in  case  of  hem- 
orrhoids and  in  the  esophageal  varicosities  of  drunkards. 


TUMORS. 

Tumors  rarely  begin  in  the  walls  of  the  veins,  though  myoma 
and  sarcoma  have  been  describetl.  More  commonly  the  walls  ot 
the  veins  are  secondarily  involved  in  cases  of  tumors  surrounding 
them. 


DISEASES  OF  THE  CIRCULATORY  SYSTEM. 
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INFECTIOUS  DISEASES. 

Tuberculosis  ii<it  raroly  attut-ks  tlte  veins,  partiritlarly  tlio.se 
of  the  limps.  IVrJomtioii  of  tlie  wall  may  ttike  place,  and  miliary 
tulM»reiiI<)sis  is  a  tritjuciit  ('i>iisci[iienee. 

SypMlis  of  the  veins  Iia.s  already  been  referred  to. 


THE   LYMPHATIC  CHANNELS. 


^B  Anatomic  Considerations. — The  lym))hatie  .system  hegiii.s 
^"^  in  the  lym|)h-sj)aee>,  wliieh  are  tlie  sjiaces  between  the  tissue- 
eletuents  in  all  parts  of  the  IiimIv.  These  lynipli-spaees  unite  to 
form  defiiiile  lymphatic  eapillaries,  whieli  are  channels  liaviiip 
walls  eoniiMised  of  a  sintile  layer  ot'  endothelial  cells.  The  lym- 
phatic cjipillaries  unite  to  form  larj^er  vessels,  and  in  the.se  con- 
nective-tissue coat-s  suppi>rt  the  endothelial  lining. 


I 

I 


* 
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INFLAMMATION. 

Inflammation  of  the  l3Tnpl2atic  vessels,  ur  lymphan- 
gitis, is  alwavs  .secomlarv  to  intlamruatory  affections  of  tlie  part.s 
surruundinjj  the  lymph;itics,  or  nf  those  parts  from  whieli  the  lym- 
phatics take  their  ortf;;in.  In  cases  of  infective  lesions  of  the  e.v- 
treniities  re<l  lines,  indieatin<;  the  position  and  conrse  of  the  intlameil 
Jympiiatios,  may  not  infre([nently  be  .seen  beneath  the  skin,  extend- 
ing upward  to  the  nearest  lymphatic  jjlauds.  Histolof^ieally  the 
first  chanire  in  siveh  cases  is  swellin;^  and  oftlimes  i7inlti]>lication 
«)f  the  endothelial  cells  of  the  lymphatic  vessel  ;  later,  there  may 
be  acenmidation  of  leukiR'vtcs  within,  and  the  lyniphatte  channel 
may  be  unifonnly  filled  with  [lus  ur  distended  al  ditferent  point.s. 
Usually  a  certain  amount  of  [ierilytnpliani;itis  aectxnpanies  the 
process,  and  in  cases  of  violent  sejitie  infection  the  siuToimding 
tissues  may  become  extensively  involved  in  phiefimonons  inHam- 
niation.  Thn^mbosis  may  take  place  within  the  lymphatic  chan- 
nel in  ea.«es  of  moderate  .>i)'vcrity,  and  obstruction  ensue.  The  ter- 
mination is  either  in  n'solutinii  or  stijijniration,  with  more  or  less 
widespread  involvement  of  the  surrounding  tissues.  Resolution 
may  be  only  partial,  the  inflannnatory  changes  going  on  to  the 
formation  of  connei'tive  tissue,  which  may  obliterate  the  cliamiels, 
or  the  restitution  of  the  wall  of  the  lytH|>h;>tic  vessel  may  be  im- 
iperfect,  and  subsequent  dilatatiim  residts. 

DILATATION   OF  THE   LYMPHATICS,  OR    LYMPHANOIECTASIA. 

Thi>  conilition  may  be  an  aci|uircd  or  a  congenital  atfection. 

Acquired  dilatation  of  the  lymphatics  results  from  ob- 
struction to  the  larger  channels,  as  in  eases  of  pressure  nj)on  or 
thrombosis  of  the   thoracic  diu-t,  or  of  oitstruetion  id'  the  lyni- 
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]»l)ati('  fhniincls  hy  filariti-.  In  Dtlit-r  caws  it  is  chit*  to  inflamma- 
liiHis  Mirrtiiiudiiijr  thf  l_viii|)luiti<-'.s  ainl  leudiiig  to  weakness  of  their 
wallfi.  It  is  very  eoinniuuly  ohserved  in  tlie  suln-iitaiieoiis  lym- 
phaties,  und  constitutes  tlie  endemic  ele]>hantia.sis  of  warmer  coun- 
tries. This  cfindition  is  particularly  conmion  in  the  lower  extrem- 
ities, serotuui,  and  labia,  lint  may  afl'eet  otiic-r  parts.  The  skin  is 
greatly  thickeJU'd  and  the  snrtiiee  often  of  irrefrularly  lobulatcii 
ehanx'tiT.  On  incision  into  it  there  is  found  an  aixnidant  exuda- 
tion from  the  suljenlaiu'ous  tissue  of  serous  or  of  milky  litjuid. 

Ohstriietive  dilatation  of  the  intra-alidominal  lymphatics  i.s  not 
nnusual.  l\u|)ture  u\'  dilated  bnmehes  in  the  genito-nrinury  tract 
may  lead  to  ehyluria. 

Congenital  Ijrmphaiigiectasia  may  take  the  form  of  a 
ditiu>c  I'liuditinii  artccting  the  lymphatics  more  or  less  regularly 
in  certain  jKirls  of  the  Itody,  or  it  may  a)>])ear  in  cirenmscril>eil 
areas,  ot'teu  in  situations  in  which  tlie  ordinary  lymphatic  supply 
is  ni>t  ahiuidaut.  The  diffuse  form  occasionally  prcsent-s  itself  in 
the  new-horn  in  the  form  nf  edematous  or  seinicyslie  swelling*  i>f 
the  siiheutuneous  tissue,  resend>ling  those  of  elcjihantiasis.  In  thu 
same  group  of  eases  belong  the  instances  of  congenital  enlargement 
of  the  tongue  {mrffnii/losttiit)  and  of  the  lips  (iiuirrnr/u-Hia).  In  some 
of  the.«e  instances  the  development  of  the  condition  does  mit  occur 
until  .«onie  time  after  birth,  though  the  jinieess  is  in  reality  con- 
geuital.  Localized  lyinpluttic  dilatations  constitute  the  form  of 
new  growth  known   as  lymphangioma    (see  Geneiial   Pathology). 

INFECTIOUS  DISEASES. 

Tuberculosis. — The  lymphatics  play  an  imjiortant  part  in 
the  disscminatiiMi  of  tuberculosis  within  the  organs,  and  they  niav 
themselves  be  invidved  in  the  disease.  This  is  beantiftdly  illus- 
trated in  cases  of  intestinal  tiiberculnsis  with  ulceration.  In  such 
eases  the  lyuqihatie  channels  in  the  .senuis  coat  nuiy  be  seen  radi-  i 
ating  from  a  point  opjMisite  the  nlcenition  towanl  the  mesentery,  ^| 
and  siuidl  miliary  nodides  are  seen  in  their  course.  ^^ 

Syphilis. — The  lymjihntics  may  be  invrdved  in  syphilitic  proc- 
esses in  thi'ir  vicinity,  but  tiie  changes  are  not  characteristic. 


TUMORS. 

In  addition  to  the  lymphaiigiomata  referred  to,  the  lymphatic 
ves.sels  air  tlie  |)rimary  seat  ol'  tumors  resulting  from  niiiltipli«t- 
tion  of  the  lining  ciidolhelial  cells,  which  are  known  as  cmlnt/ulin- 
mata.  These  tumors  are  especially  common  in  the  serous  surfaces, 
but  may  also  be  met  with  in  the  skin  and  elsewhere.  The  lym- 
plmtics  bear  an  imjiortant  rcdation  to  the  metastasis  of  malignant 
tumons,  jxirticuhuly  of  earcinomata.      The  carcinoma-cells  entct; 
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tlie  lymphatics  and  are  carrietl  by  the  stream  to  distant  parts  of 
the  body  ;  sfjmetimes  tht'  lyrn|>h!itics  near  oarcinomata  are  found 
densely  packed  with  «in(C'r-(tils. 


PARASITES. 


L 

^r  The  adult  k)  tin'  Ularia  sanj^uiiiis  Jiominis  resides  in  the  lym- 
'  ]>hatic  vessels,  and  tJie  enibrjos  may  be  present  in  large  numbei-s 
^B  (see  General  Pathology). 


THE    THORACIC    DUCT. 


K 


Patliitlii<ric  processes  involvirifr  tlu>  thoracic  duct  resemble  in 
genersil  clianicter  those  of  the  other  lymphatic  vessels,  but  the  size 
of  the  diK't  and  its  anatomirnl  rclatimis  rrniUi"  the  diseases  a H'ect- 
iiiir  it  iif  soioovvliat  greater  signirK'aiu'c  than  tlie  sanie  discuses  when 
occnrriiii^  in  tlie  smaller  lymphatics. 

Thrombosis  may  rtccur  in  a.ssoc-iation  with  iiiHammution  of 
the  duct  or  withont  such,  and  tiiere  may  be  a  permanent  occlusion 
in  consequence.  Dilatation  of  the  lower  part.s  of  the  duct,  as 
well  as  of  the  lymphatic  vessels  of  the  abdomen,  may  ensue,  and 
tionietimes  the  receptaciiliim  or  other  portions  of  the  tluct  may 
become  cystic.  Chylous  ascites  may  likewise  result.  More  com- 
monly collateral  circulation  ren-stabl ishes  circulation  and  serious 
Con.s4'<pienccs  are  not  "bscrvrd. 

I  Dilatation  of  the  thoracic  duct  may  also  result  directly 
from  cardiac  liiiliii-e  witiv  cui^ocj^cnient  ol'  the  irrcatcr  veins.  The 
oiitHow  of  lympii  is  im|M'di-<l,  and  in  some  ca.ses  the  backward 
pressure  of  the  blood  thrfMigh  the  superior  cava  may  fill  aD<l  dis- 
ti-nd  the  upper  part  of  the  thoracic  duct  with  blood. 
[  Inflammation  (x^curs  in  consequence  of  various  inflamnuitory 
diseases  of  tiic  abdomen  or  of  the  pelvis,  l>y  the  inva>iou  of  irri- 
tants thridigh  the  lymph  rc'ceived  fnou  the  alfcctcd  areas.  Tlicre 
may  also  be  direct  extension  of  iutiamtTiatiun  in  ca.ses  of  abdominal 
discn.se,  or  in  pb'nrisy  or  otiicr  intratltoriicic  alfcetions. 

Tuberculosis  atfccting  the  abdumiual  [lortiou  of  the  duct  is 
sometimes  observed  in  ca.ses  of  intestinal  tir  mcscnt<'ric  tubercu- 
losis, and  may  (K-casion  secomlary  miliary  tubenudosis,  particu- 
larly the  form  in  which  the  di.-^ease  is  subacute  or  elirnni<^  in  its 
conrse  (M'eigert). 

Tumors. — Primary  tumors  (sarcoma,  iiltroma)  are  sotuctimes 
pb.served,  and  secomlary  can-iuonm  is  more  commonly  met  with. 
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CHAPTER   IV. 


DISEASES  OF  THE  RESPIRATORY  SYSTEM. 


THE  N.\SAL  CAVITIES. 


Anatomic  Considerations. — T\m  niuroiis  membrane  of"  the 
nose  is  unusually  jvroniiut'iit,  esjK'cially  over  the  lower  turbi- 
nated bone,  where  it  is  4  mm.  tliick.  In  the  lower,  or  respiratory, 
parts  of  tlie  ni)«:e  the  epitfieliinir  is  str.itified  ciliated  eolumn.ir. 
The  siibinitcosM  i.><  replete  with  a  veiujii.s  network,  givins;  it,  par- 
tieuliirly  over  the  interior  tnrbinatetl  bone,  the  apjieanince  of 
erectile  tii^sue.  In  the  olfactory  regions?  non-ciliatod  columnar 
cells,  which  become  attenuated  nt  the  inner  end,  line  the  surface, 
Between  the  (iliforin  prolongations  within  lie  romid  and  tapering 
o/facfnr!/  i'c/l.t.  Small  tubular  and  racemose  serous  and  niucoiit 
glands  are  freely  distributed   in  tlie  mucosa. 

CONGENITAL    ABNORMALITIES. 

Di'viations  of  tlie  septnm  and  other  slight  anomalies  are  com- 
mon. Atresia,  absence  of  the  septum  or  other  ])arts,  or  complete 
absence  of  the  nosi\  are  rare  defects.  Harelip  and  cleft  palate 
frequently  involve  tlie  na.<al  cavities. 

CIRCULATORY  DISTURBANCES. 

Active  hjrperemia  occurs  in  conscfjuence  of  exjHJSure  t« 
great  heat  or  cold,  or  of  a.scending  elevations,  and  when  the  heart 
IS  ovci-stiinulated.  Certain  odors  or  tinely  divide«l  diist-particlifl 
may  ])rnvoke  transient  congestion.  I'Vetjiiently,  however,  such 
congcstiiiu  terniiiiates  iiv  iiiHaiuiiiation. 

Passive  hjrperemia  may  be  <lue  to  canliao  weakness,  ob- 
structive diseases  of  the  liiuirs,  and  hn'al  jiressure  on  veins. 

Hemorrhage. — In  either  ]»a.ssive  or  active  congestion,  and 
in  inHanimatious  nf  the  mucous  membrane  hemorrhage  {tpiidtixi*) 
may  occur.  Hli'cdinir  may  alsn  result  from  blood-«liseases  (hemo 
jihilia,  pernicious  anemia,  leukemia),  from  di.sease  of  the  bloo<i 
vessels  (artcriiwlcrK.sis),  or  in  a  pjinixysmal  form  fnim  obscure 
causes.  Epistuxis  is  a  fre<jiient  ]irndronud  symiUoni  *>f  typhoiii 
fever ;   less  freipiently  it  occurs  in  influenza  and  other  infections. 

!Bdema  of  the  mucous  membrane  may  be  assiH-iated  with  in- 
flaniniation. 

INFLAMMATIONS. 

Acute  nasal  catarrh  (acute   rhinitis ;   coryza)  commonlrl 
residts  from  cxjiosure  to  cold.     Irritant  fumes  may  cause  it ;  ot^en 
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^pSt  seems  infectious  and  contagious.  It  may  octujr  as  an  associated 
^^  condition  in  various  infoftions,  us  frrip,  tyjilioid  fever,  niwislos,  etc. 
I  The  mucosa  is  at  first  intensely  red  :in<l  dry  ;  then  an  irritating 
^■eerons,  followed  by  mueuns  and  fiuully  nHieupiinilent,  exudutiun 
^■is  discharged.  Herpes  or  eezeniatous  emotions  of  the  lip  are, 
common.     Considerable  inHaiiitiiiitury  «I<-ina  of  the  nineons  meni- 

hbrane  of  the  nose  and  aeecssorv  cavities  may  occur. 
Chronic  rllinitls  follows  repeated  acute  attacks,  especially 
in  scrofulous,  tuberculous,  or  syphilitic  pci"sons.  The  mucosa, 
especially  over  the  inferior  turbinated  bone,  becomes  thickened 
(hypertrophic  rhinitis)  and  may  remain  so,  or  unilergo  atrophy 
(rhinitis  (ilrophii-a}.  In  the  latter  the  exudate  is  scanty  and  ap- 
{vears  as  drv,  greenish  crusts,  wliidi  soiuctiuies  occasion  extensive 
ulcerations  and  beconic  iutrrilily  otlcnsive.  Th  such  cases  the  term 
ozena  is  a}>]>licd.  Various  forms  of  ba<'illi  aiul  microc(K'ci  have 
been  discoven'd,  the  mi»st  fre(|uent  b<'iug  an  organism  resembling 
the  bacillus  of  Friedliinder.  Fetid  tlischarges  may  also  occur  in 
syphilitic  or  tul)erculous  diseases  (»f  the  nose  (oziena  syphilitica  s. 
Ltuberculosa). 


I 
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INFECTIOUS   DISEASES. 

Diphtheritic  rhinitis  is  usually  secondary  to  pharyngeal 
diphtheria,  l-'rimary  diphtheritic  rhinitis  of  nitlicr  benign  cliar- 
acttr  is  occasionally  observed.  Non-specific  diplitlieritic  rhinitis 
is  a  very  rare  condition. 

Syphilis  in  the  secondary  stage  and  in  ctjugcnitiil  cases  some- 
times iX.-casions  simple  catarrhal  rhinitis.  .Mucous  patches  may 
cur,  or  gummata  springing  from  the  nuicuus  membrane  or  from 
>e  periosteum  or  pericliomlriuiu.  The  latter  tend  to  ulcenite  and 
cause  destructifin.     The  purulent  discharge  may  be  fetid. 

Tnberctllosis  may  iK-cur  as  disseminated  or  aggregated 
tuben-les  of  the  nuicous  membrane,  or  as  idccrs  and  carious  pro- 
cesses. The.si'  are  all  rare,  but  "scrofuliyus  (Mtarrhs"  of  children, 
probably  often  tuberculous,  are  common.  Lupnn  of  the  fa<?c  may 
extend  to  the  nose. 

Gtanderi  occnsions  intense  purulent  and  )ipmf>rrliagic  rhinitis,  or  nodu- 
owths  with  ulceration.     jHodules  anil  ulcers  in   Iqint,  and  irregular 
ing  and  induration  of  the  nuieouH   membrane  of  tlie  nose  and  the 
ining  skin  in  rhinoacleroma  are  rare  conditions. 

TUMORS. 

The  commonest  form  of  tumors  is  the  poli/p,  which  is  some- 
times distinctly  the  result  of  liypcrtmpliie  rhinitis,  at  other  times 
obsc'ure  in  origin.  Poly))s  present  the  onliuary  structure  of  the 
nasal  mucosa,  with  a  tendency  to  cystic  chiinge  from  occlusion  of 
the  glands,  or  to  adenomatous  appx-aranccs  from  [irolifenition  of 
the  glandular  element.s.  Fibroid,  myxomatous,  and  sarcomatous 
polyps  also  occur.     In  all  cases  there  is  a  tendency  to  recurrence 
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after  removal.      A  rare  form  of  hairy  poli/p  lias  been  recently 
di'sirilu'd.     C'hondroniata,  osteotuata,  sarcomata,  and  epitlieliul  i)r 

glandular  cancers  may  be  found. 

PARASITES   AND   FOREIGN    BODIES. 

Larvffi  of  various  flies  may  occur  in  the  nasal  chambers  and  set 
11J1  serioii.-i  iiiHaiiitnatory  lesions.  Foreij^n  liodies  may  Ixrome 
inerusted  with  lime-salt^  and  lead  to  tlie  formation  of  rhiiuAilht. 


THE   LARYNX. 

Anatomic  Considerations. — The  lining  epithelium  of  tTiT 
larynx  is  stratitic*!  rojiiamoiis  as  far  as  the  false  vocal  conk. 
Uclow  these  and  lliniughout  the  ventricles  it  is  stratifietl  ciliate<l 
colimniar,  and  thus  eoiitiniies  into  the  trachea  and  bmnehi,  ex- 
ce])ting  over  the  true  vocal  cords,  which  are  covered  with  strati- 
fied s<|iianious  epithi'liuni.  The  tunica  pmjiria  <'ontains  much 
yellow  ela.stic  iiher,  and  the  stihniucosa  is  (jtiite  loose,  esnecially 
over  the  base  of  the  epiglottis  and  the  aryepiglottic  folus. 

CONQENITAL  ABNORMALITIES. 

Minor  defects  in  8lui[)e  of  the  constituent  parts  of  the  larynx 
are  not  rare.  (^Vmgenital  fistulfc  coninnmicating  with  the  exterior, 
and  liilatation  of  (he  ventricles  siniiljir  to  the  normal  jMJUching 
found  in  certain  monkeys,  are  occasionally  met  with.  Abnormal 
largeness  and  snudlness,  the  latter  especially  in  fwrsons  having 
poorly  develojwd  sexual  organs  and  those  castrated  early  in  life, 
are  more  freijiient  conditions. 

CIRCULATORY  DISTURBANCES. 

Anemia  ina\'  occur  in  general  ancuiia,and  is  sometimes  fonnd 
in  tuberculous  and  chlorotic  subjects  in  pronounecnl  degrees. 

Active  hjTJeremia  follows  exwsurc,  overuse  of  the  voice, 
and   irritation   by  prases,  dust,  and   the  like. 

Passive  hyperemia  occurs  in  heart-diseases,  intrathoracic 
tnnior,  ami  other  conditions  obstructing  the  venous  circulation. 
In  active  congestion  the  larynx  is  bright  red  ;  in  passive  cod- 
gestion  it  is  dark  re<l  in  color,  and  <listended  veins  may  b<- 
pnimincut. 

Hemorrhages  are  seen  in  the  mucosa  after  death  from 
asphyxia,  in  casi's  (if  purpura  or  other  hemorrhagic  conditions,  as 
well  as  in  intense  inflammation  of  the  larj-nx.  Large  hemor- 
rhages may  occur  in  cases  of  cancer. 

Bdema  of  the  epiglottis,  the  aryepiglottic  folds,  and  other 
parts  of  the  larynx  may  be  part  of  a  general  ana.sarca  in  Bright'r 
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disease  or  heart-<lisease,  or  may  result  from  local  pressure  upon 
the  veins.  The  partn  lieoimie  j^jn-atly  swollen,  ami  of  an  anemic, 
translucent  appt.'iirauee.  <ireat  st:<'ni).si.s  of  tlie  hirvux  ruuininuly 
results.  Generally  "edema  of  the  larynx"  is  iuHaninmiory  in 
nature  (see  below). 


INFLAMMATIONS. 

Acute  catarrhal  laryngitis  results  from  chemical  or 
mechanical  irritation  ;  it  accompanies  \vhiH>pin}i;-cough,  measles, 
small-pox,  ty[)hi>iil  fever,  and  other  infections.  The  mucous 
membrane  is  bright  reil  and  swollen.  A  scanty  mucous  or  mnco- 
punilent  exudate  is  usually  notetl.  Intense  larynj^itis  is  attended 
with  small  hemorrhagic  ecchymoses  or  erosions ;  true  ulcers  are 
rare.  Follicular  ulcers  are  sometimes  seen,  and  rarely  snuiU 
vesicles  arise  upon  the  surface  [lit'i-pelk  laryiif/tttji). 

Pathologic  Physiology. — Acute  laryngitis  may  cause  consider- 
able disturbance  of  breathing  by  the  swelling  nf  the  mucous  mem- 
brane, and  in  children  often  leads  to  spasmu^lic  contraction  of  the 
laryngeal  muscles,  with  paroxysmal  dyspnea  (pthe  croup). 

Chronic  catarrhal  laryngitis  may  follow  the  acute  form,  or 
begin  gnidiially.  Overuse  of  the  voiee  and  exposure  to  cold  or 
irritating  gases  or  dust  are  tlie  coiunion  causes.  The  mucous 
membrane  is  usually  tliickened  ami  somewhat  granular,  or  even 
papillomatous.  There  is  a  tendency  for  the  epithelium  to  assume 
a  s<piamons  or  epi<lernii>id  chanieter,  especially  on  the  v<x^al  cords 
(jHir/iydennIa  Idrijiujin).  In  tiie  later  stages  atrophic  changes 
may  ensue.  Fil>rous  thickening  and  stenosis  of  the  larynx  some- 
times residt  from  the  chronic  irritation  of  fiircign  bodies,  such  as 
intubation  tubes. 

Edematous  Iar3mgiti8  is  generally  known  as  edema  of  the 
larynx.  Nearly  always  it  is  a  true  inflammatory  edema,  due  to 
violent  irritation,  general  or  local  infectifni,  or  severe  loeal  lesions 
of  a  chronic  nature,  sucli  as  tuljercidous  or  syphilitic  ulceration 
and  perichomlritis.  The  looser  submucous  tissues  at  the  ba.se  of 
the  epiglottis  and  over  the  aryepiglottic  folds  become  greatly 
swollen,  and  the  surface  is  more  or  less  translucent.  Sometimes 
the  e<lematous  infiltration  is  yellowish,  or  even  quite  purulent, 
especially  in  ca.ses  in  which  phlegmonous  suppurations  have  ex- 
tendcfl  from  neighboring  ]iarts  (r<'tropharyngeal  abscess ;  erysi|K.'- 
las).     When  cin-imiseribed  areas  are  affected  ahaceiw  residts. 

Perichondritis,  inflammation  of  the  perictiondrium  of  the 
cartilages  of  the  larynx,  is  usually  secondary  to  serious  laryngeal 
diseases,  as  .syphilitic  or  tuiierculous  idcers,  carcinoma,  etc.  It 
may  be  primary  in  tvphoid  fever  or  other  infections.  Frequently 
suppuration  and  necrosis  of  the  cartihige  result;  but  merely  local- 
ized induration  and  swelling  may  occur. 
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INFECTIOUS  DISEASES. 

Diphtheritic  anri  croupous  inflammations  may  be  pan 

of  tilt-  lUKitoniicul   changes  in  dipfitlieria,  l)Ut  may  also  occur  in 

typhoid  fever,  scarlet  fever, 
>niall-jvjx.  or  other  infections 
diseases  (due  in  snch  cas-s  to 
stri>])toc(i(.vi  or  other  organ- 
isms), or  from  violent  irri- 
tation by  steam  or  the  like. 
The  surface  of  the  lan-nx  is 
coveretl  with  a  more  or  ies* 
adherent,  grayish  or  yellowL=L 
[(seudomi-mbrane,  which  cod- 
siists  of  a  network  or  masses 
of  fibrin  entangling  degener- 
ated roinul  cells  arid  epithe- 
lium. The  nieml>rane  is  raoe't 
adlierent  where  the  epithelium 
is  .sijiiamoiis.  Diphtheritic 
laryngitis  usually  follows  a 
similar  process  in  the  pliarjni 
(see  Diphtheria,  Part  I.). 

Tuberculosis  is  nearly 
alwiiys  secondary  to  pulrao- 
iKiry  tuberculosis.  JSmall  lo- 
calized tuberculou.s  masst-s,  or 
more  diffuse  tuberculous  infil- 
tration, arc  fotmd  in  the  mu- 
cosa and  subniucossi,  especially 
on  the  posterior  wall  of  the 
larynx.  Early  ca.seation  ami 
ulceration  are  further  charac- 
teristics (Fig.  193).  Simple  catirrhal  inflammation,  or  hyper- 
trophic conditions  of  the  mucous  membrane  between  the  tuber- 
culoits  nitis.si<s,  nr  edematous  laryngitis  and  jwrichondritis,  may 
cnm|>iic;itc  tlu'  tultcrcidiHis  lesions.  Lupiin  of  the  nose  and  phar- 
ynx may  extetid  to  the  larynx,  where  it  (x-casions  m^Hliilar  thick- 
enings and  ulceration.  Primary  laryngeal  lupus  has  i>ecn  observed. 
Syphilis  may  occasion  simple  catarrh  of  the  larynx,  or  infil- 
tration !ind  ero.sion  of  the  mucous  membrane  secondary  to  phaiyn- 
geal  involvement.  The  latter  conditions  are  most  frequent  in 
the  epiglottis,  the  jHisterior  wall  of  the  larynx,  and  the  vocal 
conLs.  Gumniata  may  occur  in  the  same  situations  indejiendent 
of  pharyngeal  syphilis,  and  lead  to  deeper  idcers.  In  the 
healing  of  syphilitic  ulcers  irregular  papillomatous  elevations 
of  the  henlthy  mucosa,  or  extreme  contractions  and  deformities 
of  the  larynx,  may  occur. 


Flii.  IM— TutxT'iil-iiv  .  r.-ion  And  ulcer- 
ali"H  of  tlH'  Iiioiix.  ■MiiMui.-  cxiiMisivi'  de- 
struction of  the  vociil  «_'or(li*  'frfnii  a  8j,<i'clmen 
In  the  Mii«eum  otthv  Phlladclphiii  Hospitiil). 
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I^epra  aixl  g^landers  sometirn<?8  occur  in  the  form  of  nodular 
iwellines  and  ulcers. 

Swelling  and  iik-cration  of  the  lynipliatic  follicles  analogous  to 
lesions  in  tlie  iiitt-stines  may  (Krur  in  fifpfiuul  ferrr ;   and   in 
_  V-p<JX  there  may  bo  small  areas  of  iiiKltration  and  epithelial 
Icgrneratiou,  or  even  pseudomemhranes. 


)f 


TUMORS. 

Papilloma. — Over  half  of  all  tumors  of  the  larjnx  belong  to 
lie  gniuj)  of  pitjtilloiniitii  or  fiajtil/DinalDim  fihroiiuiln ,     These  are 
ly    liyjH;rtr<ii)hied    papillie   covere<l  with    a  tliiciv  manti 
aious   epithelium    (Fig.    194).       The 
irt^ma    may    he    insignificant    and    the 
'epithelium  considerable  (hanl  jKipilloma), 
or   the  stroma  may  be  excessive,  highly 
isoular,  and  infiltnitcd  with  ninnd  cells, 
rhile  the  epithelial   covering  is  thin  (soft 
ipdiomn).    i'apillomata  are  most  fn'quent 
the  fals<^  vocal  cords  or  on  the  other 
irtA  iff  thv  larynx  line<l  with  squamous 
plth<-]iiim.     They  usually  (XTur  in  num- 
vrv:,  but   may   Im-  solitary.     Chnmic  in- 
tuition often  determines  their  occur- 
and  they  are  not  infre<iuent  around 
lironic  ulr«rs  or  carcinoma  ot  the  larynx, 
liniple  hyjicrplasia  of  mucous  membrane, 
normal    structure,    occurs    in    various 
tinjnic    inflanmiaton*   conditions   i>f    the 
»rmx. 

Pibroma. — No<lular,  sessile,  or  poly- 
xiid  tibromata  constitute  one-third  of  all 
iroore.     They  are  mo«t  frwjuent  on  the  vocal  wirds  and  in  the 
Kppi-r  part  of  the  larynx. 

Cystic  dilatation  of  the  glands  may  occasion  mucmm  poly/m. 

oma,  li|>oma,    myxoma,  sarcoma,  and   chondrr>ma   are    rare 

Tumi)r-like  txtames  of  heterotopic  tJiyroid-gland  tidtfue 

ive  \M!en  found  in  the  larrnx. 

Carcinoma   ntav  he   i>rimar>-,  or   leaa  frpqaently  MH-omiary. 

imar\'  carcinoma  is  uiiuaMy  of  the  sqaamon^  \'ariety  and  ootirs 

>ij'    '  Nodular  thickening  with  I  '  -'dt». 

l>i.  iingof  the  mricoos  membra  I  -ur- 

roumls  the  growiii.    Secwwlarj  tnvolTcm«nt  of  the  cervical  giaads 

esophagus  mar  occur. 

_pf  urm  tun.'  r.  of  th«  huyax,  calkcto4  bjr  Bran*.  602  were  p«pin»- 
tteoo*  poirfa,  aad  37  eyala.    Serentf -six  pier  e*^ 
-  the  •atanor  cmamaaare  «f  the  cot4a.    Mmdumat 
■  1  tail  14  per  eenL  fibromata. 
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PARASITES  AND  FOREIQN  BODIES. 

Tlif  larval  Trirliinn  npiralis  may  intts^t  the  laryngeal  muscles; 
and  lumhricouh  ocrasionally  enter  from  the  pharynx.  Kchino- 
cocctis  cysts  are  verj'  rare. 

Large  foreign  bodies  may  cause  death  by  sufl'ooation.  Smaller 
bodies  may  rest  in  the  larynx,  espeeially  tiie  ventricles,  for  yeare, 
beeomiug  surrounded  by  hy{)eq)Iastio  nnicoiis  membrane  or  a  cap- 
sule of  filirous  tissue.  Calcareous  concretions  may  form  arouod 
small  foreign  bodies,  or  spontaneously  in  the  ventricles. 


THE   TRACHEA. 
MALFORMATIONS. 

Congeaital    Malformations. — Conyplete   absence  of  the 

trachea  oiciirs  in  acejilmiic  monsters.  Congenital  decrease  in 
length  or  diameter,  in  t!ic  number  or  completeness  of  the  carti- 
lages, and  like  minor  deformities,  are  more  corTinmn.  An  adven- 
titious bronchus  is  oc^'asiutudiy  seen,  especially  on  the  right  side, 
and  fistulous  eommuuit-ations  with  the  exterior  or  with  the  esopha- 
gus are  rare  congenital  defects.  Diverticula  may  be  due  to  a 
rudimentary  condition  of  a  supernumerar}'  bronchus.  Congenital 
cysts  ntay  occur  between  the  trachea  and  esophagus  when  fistulous 
comninnications  between  them  become  closed  at  either  end. 

Acquired  Malformations.— Dilatations  of  the  trachea  may 
be  diffuse  or  loraiized.  They  <h'penil  i'or  their  «>ccurrence  npon 
weakness  of  the  walls  and  some  inijiedinieiit  to  exjiiration.  Sac- 
cular dilatations  are  usually  on  the  jwsterior  wall.  Narrowing  of 
the  lumen  may  be  due  to  pressure  fvf  tumors  or  aneiirA-sms ;  to 
new  growths  or  cicatricial  contractions  {especially  syphilitic)  or 
to  foreign  bodies  within. 

CIRCULATORY  DISTURBANCES. 

Anemia  and  active  and  passive  congestion  result  fmm  the  same 
causes  as  in  the  larynx  ;  and  the  pathologic  anatomy  is  the  same. 


INFLAMMATIONS. 

Inflammations  are  usually  associate*!  with  laryngitis  or  bron- 
chitis, and  are  due  to  the  same  causes.  Simple  catarrhal  and  psendo- 
membranous  inHannnations  are  met  with.  Foreign  bodies  may 
cause  extensive  and  ileep  inflammation,  leading  to  ulceration  and 
sometimes  jwrforation.  Chronic  inflammation  assumes  a  prolifera- 
tive, and  later  an  atrophic,  chanictor.  Pmliferative  (polypoid) 
inflammation  is  not  infrequent  after  tracheotomy,  and  may  fxva- 
sion  serious  obstruction.  Ozena  of  tlic  trachea  may  be  associated 
witli  nasal  ozena. 
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INFECTIOUS   DISEASES. 

Tuberculosis  and  sj^philis  'H-cur  under  tlie  same  cireum- 
stiiuct's  ;i.*  in  tlu>  larynx.  Syjvliilis  may,  liowoviT,  iiftVct  the 
trachea  and  bronchi    independent   of  diwase   of  the  pharynx  or 

lar>'nx. 

TUMORS. 

Primar\'  tumors  are  rare.  Secondiiry  involvement  by  cancer, 
extending  from  the  esopliaj^iis  or  tliyroid  u^hiud,  or  by  xdrcnmir, 
from  the  surn)undint:  lympliatic  .struetiiri's  or  thymus  glawl,  i.s 
more  frequent.  Ecehuudroses  and  oriteoniata  may  tij)riiig  from  the 
cartilages,  and  multiple  chondroniata  have  been  found  in  the  mu- 
cous membrane.  Retention-i-ysts  of  the  niueous  glands  are  occa- 
sionally seen  on  the  posterior  wail,  pnttnidiug  outside  the  trachea. 

THE    BRON'CHI. 

Anatomic  Considerations. — The  larger  bronchi  corre- 
spond verv  closely  to  the  trachea  in  structiM'c.  The  smaller 
divisions  Save  thinner  walls,  being  less  provided  with  cartilagi- 
nous rings,  but  having  insteail  small  cartilage-plates  and  gix'atcr 
8l>undunce  of  nuiscle-tibers.  The  tubes  having  a  diameter  less  than 
1  mm.  are  called  the  terininal  iroHc/iiWcx,  and  lead  into  yet  smaller 
tubes,  the  alreofar  pasgar/en,  which  open  into  dilatc(l  itifiniilihiiffi, 
aii<l  the  la.>«t  named  arc  finally  siuTotnuled  by  <tiy:sfirx.  The  lining 
epithelium  is  stratified  cohniinar  ciliat<'d  down  to  the  tenniiial 
bronchioles,  where  it  becomes  simple  columnar.  In  the  alveolar 
pa:^sages  there  is  first  polygonal,  then  flat,  epithelium  ;  while  in  the 
infundibula  and  air-s*ics  there  are  practically  only  flat  ejiithelial 
cells. 

CGNQENITAL  MALFORMATIONS. 


These  are  rare  and  nninipm-tant.  Dilatations  or  narrowing  and 
anomalou.s  division  of  the  tubes  have  been  noted  (see  Trachea). 

B  CIRCULATORY   DISTURBANCES. 

Anemia  and  hyperemia  occur  under  the  same  circumstances 
as  in  the  tnichea  and  larynx. 

Hemorrhage. — Intense  congestion  may  rH-casion  hemorrhages 
into  the  mucous  membrane  or  into  the  bronchi  themselves.  More 
frequently  hemorrhage  is  due  to  ("atarrhal  iuHamniation,  tuberenhms 

»nlceration,  or  a  genenil  hemorrhagic  tendency.  Anenrj'sms  of  the 
aorta  (see  Fig.  188)  and  the  small  aneurysms  of  the  pulnionary 
arterioles  in  tuberculosis  of  the  lungs  not  infrequently  rupture 

I  through  the  bronchi. 
INFLAMMATIONS. 
Both  acntc  and  chronic  bronchitis  are  common  conditions,  and 
there  are  a  variety  of  forms. 


Acute  catarrhal  bronchitis  results  fnjm  ex|K>sure,  from 
inhahitiim  nf  irritatiiij;  guisi's,  and  fn)m  downward  extension  of 
tmcliwil  cjitarriis.  The  terminal  bronchioles  are  frequently  affected 
secoinlariiy  in  inilnmiiiiry  di.«eases.  Bronchitis  is  constantly  aso- 
cialetl  vvitli  sdnic  ot'  the  infectiout;  fevers — typhoid  fever,  measles, 
wlKHijiinjj-ciiuf;!!,  etc.  Various  mii'rrj-orjpinis-ms  have  been  found 
in  broDciiitis.  Among  tiiese  are  the  nyogenic  nncrcx*<M*ei,  tlie 
diploeoccurt  of  Fniiikel,  the  Iweillus  of  Friedlflnder,  and  latterly 
rlie  ISaeilliiM  inflnerizie,  the  Bacilli  coll,  with  many  others.  The 
miicoii(5  iiienibnine  preseutd  an  inten.sely  red  color ;  at  first  it 
is  dry,  but  later  a   mucous  or  mucopurulent  exudate  is  formal 


^^ 


Fio.  I'.ii.— Acute  bronchial  catkirh  (Tboma). 

(Fig.  195).    The  exudation  may  be  excessive  in  quantity,  in  which 
ca.s<'  the  condition  is  called  bronchorrhea.     This  may  be  serous  or 
]iitrnleiit.  and  is  sonii'tinies  very  offensive  in  mlor  (fetid  hronrliiti»\. . 
Microscopically  tlic  bronchial  mucous  membrane  is  intiltr.ite<i  with! 
round  cells,  especially  in  the  purulent  cases  ;  the  ejtithelial  cells  arc 
<legenerated,  many   being   cuuvertwl   into   goblet-cells ;   and   the 
nnicfMis  glands  are  distended  with  niucns.     The  mncosa  of  thei 
bronchi  is  covered  with  niuco[)urulcnt  material  containing  degen- 
erateil  c|iitlielial  ceils  and  detritus.     The  inflammatory  conditions] 
may  extend  outward  as  fiir  as  tiic  |ieribroncliial  tissue,  and  occa- j 
sionaliy  there  is  some  perielioudritis. 

Pathologic    Physiology. — Bronchitis    may    occasion    no    other 
disturbance  than  cough.     In  many  cases,  however,  the  infection  _ 
may  cause  fever  and  general  depression.     Substernal  soreness  or  B 
pain  is  not  infre(jiieiit,  while  genendized  thoracic  pain  may  result      ■ 
from  the  violent  coughing.     Dyspnea  is  rare  excepting  in  chil- 
dren and  old  jxTsons,  in  whuin  caiiliac   weakness  and  spasmodic^ 
contractions  of  the  bronchi  seem  to  be  operative. 
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Chronic  catarrhal  bronchitis  ownirs  after  repeated  attacks 
of  the  aeute  form,  and  rspiH'ially  in  tild  persons  or  in  those  who 
have  some  cardiac  wi'akiie.-is  wiiieh  tnid.s  to  eanse  congest ii>n  ()f 
the  bronchi.  Clinmic  hrotieliitis  is  freqnently  associat<-<l  witli 
chronic  diseases  of  tlie  lungs. 
In  chronic  cji.ses  the  mucous 
membrane  may  undergo  con- 
siderable alteration.  Fre- 
quently the  ciliated  cells  dis- 
apjiear  entirely  and  arc  rt?- 
placod  by  colonmar  or  l«>lyg- 
onal  epithelium  ;  and  livjxT- 
trophic  conditions  of  the 
mucous  membrane  are  some- 
times present.  More  fre- 
?[uently  the  bronchus  is  uni- 
i)rndy  thickcnctl  by  cellular 
infihnUion  anil  overgrowth 
of  fibrous  tissue. 

Fibrinous  bronchitis 
ttccurs  under  a  variety  of 
conditions.  It  is  most  fre- 
quent in  assfH^iaiiun  with 
laryngeal  an<l  tnichcal  clipli- 
theria,  but  may  also  l)e  due 


to  inhalation  of  powerful  irritants.     Crou]H>u.s  iiirtainuiatioir  of  tlie 


Fl(i.  IIN^.— Ijirije  hniiichlnl  ronfpiltmi:  chrunlc 
nhriiii/UH  broiithltlH  (Vlunirdti. 


Fin.  19T.— Sputum  from  •  cnse  of 
anthma.  ahowinK  ^'urachmann  spiralK, 
Ch«rrot-LeyiIcD  crrsula,  leukocyteis  an<l 
numerous  free  euslnophilc  granule*;  uu- 
■talned  specimen  (Jakob). 


Flo.  198.— Sputum  from  n  case  i>l 
aflthmn,  shtiwitiK  leuktjcyles,  some  coq- 
taiiiingcosinophfU'  granuk-s.  free04>f4in<>- 
phile  ;;riiuuk's  ;  nn<linlrrooi'C«M;  ^tiilneil 
with  eoflln  and  mctbylcue-blue  cJakub). 


finer  bronchi  •x'ciirs  in  botlv  crou|K>us  and  catarrhal  pneumonia. 
Finally,  there  is  a  form  of  ehmnicor  essential  fibrinous  bronchitis, 
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charaoterizcfl  hy  pcTiodioal  attacks,  in  wliich  fibrinous  casts  of  the 
bronchi  are  forinc<l  iind  dlHcbargt'd  (Fig.  196).  In  all  forms  of 
fibrinotm  bronchitis  there  are  otlen  found  in  the  eputa,  on  niicn>- 
seopie  fXiiniination,  fine  spirals  wound  about  a  central  liWr 
(CiirnrluiKinn's  .•<j>intls)  ;  antl  within  llicse  or  associated  with  them 
the  small  octahedral  crystals  describeil  by  Charcot  and  Leyden. 
(Fifi.  197). 

Bronchiolitis  Exudativa. — This  terni  was  given  by  Curschtnonn  to  the 

condition  of  tlit*  toriuin:il  bronchioles  he  »si<umed  to  be  present  in  cases  of  mk 
asthinii.  The  Hpiita  roiitniii  tiie  spirals  that  bear  liis  nuine,  and  Charcot-  H 
Leyilun  crystals.  Tiif  sputa  iii  these  cases  are  further  characterized  by  the  ™ 
abundanfe  of  eusinophili'  cells  (Figs.  197  and  198). 

Ulcers  of  till'  bronchi  are  met  with  in  severe  catarrhal  inflammations, 
but  more  frciiuently  arc  tulierculous,  syjdiilitic,  or  due  to  extension  of  ul- 
cerative proccs.sea  from  neighboring  parts.  It  is  not  unusual  to  find  ulcera- 
tion in  the  main  bronchus  opposite  the  point  of  pressure  of  an  aneurysai. 

Peribronchitis  may  occur  from  direct  extension  of  inflammation  from 
within,  or  it  niny  be  due  to  extension  along  the  lymphatic  channein  from 
the  pleura  or  interlobular  septa  of  the  lung.  It  is  found  most  frequendr 
U  a  part  of  pulmonary  tuberculosis,  and  may  be  fibrous,  caseous,  or  puruleoL 


STENOSIS  AND  OBSTRUCTION  OF  THE  BRONCHI. 

The  snmllcr  brnni-hial  tubes  may  bo  considerably  occludwl  by 
catarrhal  jiwclliiig  of  the  nmco.sa  and  accumulatiou  of  exudate 
within,  (,'linieally  this  is  often  so  marked  in  bronchitis  affecting 
the  terminal  bronclnolcs  as  to  ha%'e  suggeste*!  the  name  suffocative 
catarrh.  (This  capillary  bronchitis  is  always  merely  a  part  of 
bronchopneumonia,  and  will  l)e  considered  under  that  head.) 
More  serious  ol»structions  of  tlie  bronchi  wcur  when  old  ulcers 
have  healed,  Icaviuii;  cicatrices  ;  or  in  cases  of  tumors  of  the  bronchi 
or  prcs«un'  upon  tht:-  outside.  Fevrcign  bodies  are  usually  coughed 
up,  but  may  remain  for  long  {wriods  and  occasion  obstruction. 


< 
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BRONCHIECTASIS,  OR  DILATATION  OF  THE  BRONCHI. 

This  is  due  to  increased  jtrcssure  within  the  bronchi  or  to  some 
weakness  of  the  w'alls,  or  to  both.  The  weakening  of  the  walls 
is  most  frc<]ucntly  due  to  c]in>iiic  bronchitis.  If  it  is  extreme, 
simply  the  litrcc  of  the  inspired  air  may  suffice  to  cause  dilatation, 
but  the  increased  expiratory  efforts  of  coughing  m.iy  aitl  materially. 
When  a  part  of  the  long  is  i-ollap.sed  (atelectasis)  the  im{)edimcnt 
to  till'  entrance  of  air  leads  to  dilatations  of  the  bnmehi  above  the 
collapsed  area.  This  is  especially  note<l  in  children.  The  weight 
of  accumulating  secretions  in  the  tubes  is  the  occasional  cause  of 
bronchiectasis.  Fimilly,  in  fibrous  pneumonia  the  traction  of  the 
connective  tissue,  attaching  it.-ielf,  on  the  one  band,  to  the  outer 
wall  of  the  bronchu.s,  and,  on  the  other  hand,  to  the  pleura,  may 
bring  about  considerable  dilatations. 

The  enlargement  of  the  bronchus  may  be  localized,  when  it 
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is  termed  saccular  hroncliiaioMin ;  or  more  iiuiflirm,  wliuii  the 
names  cylindncal  and  Jimj'orvi  are  applieil,  accurdiuj;  to  tlur  sIiuim; 
of  the  bronchus  {Fig.  19fl).  The  iniifoiis  nuTiibraiie  may  he 
almost  normal  in  apjx'aniin'e  in  iiniull  dil:ifiitioiis,  Imt  iimre  com- 
mualy  is  thickened  and  irrt-gidarou  tlie  siirliicc.     There  may  even 
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.— Bronchiectiula :  o.iaccatu';  6,  cyllndrlul ;  one-half  natunl  aize  (Otth). 


be  actual  pjlypoid  oiit^rou'ths,  imd  idcerations  may  oenir  vvlien 
the  seerelious  are  speeiallv  abniiihint  and  irritating,  Mier<»rie(>[»i- 
cally  the  epithcliiini  is  fimnd  to  aiiproiteli  tlie  s([iiatn(His  type  ;  while 
the  wall  of  the  hroneluis  is  irenerally  infiltrated  and  eirrliotic. 
The  exudation  is  generally  purulent  and  copious,  and  may  be 
very  fetid.    Occasionally  it  is  thick  and  cheesy. 

INFECTIOUS  DISEASES. 

Tuberculosis  of  the  l>ronclii  is  usuidly  associated  with  pul- 
monary tuberculosis,  and  appears  in  the  f()rin  of  miliary  or  larger 
no<lules  in  the  mucosa  or  snbiuucosji,  which  tend  to  break  down  to 
form  ulcers. 

Syphilis  sometimes  iH'curs  in  the  Conn  of  eruptions  and  ulcers. 
There  nuiy  be  dense  scar-forniatiun  ami  deformity  in  consequence 
of  the  healing  of  such  ulcers. 

TUMORS, 

Polypoid  conditions  of  the  mucosji  occur  in  cases  of  chronic 
bronchitis.  Fiiiroma,  cliondronia,  and  lijxmia  are  nire  fbriiis  of 
tumors.  Primarj-  cancers  may  spring  from  the  nnicnus  glands, 
or  from  the  surface-ejnthelium,  but  are  very  rare.  Lcnkemic 
notlules  are  .seen  in  the  bronclii  itt  times,  and  lympliosarconiata  are 
lot  rarely  found  to  spring  from  the  {H.'ribronchial  lymphatic  tissues. 


PARASITES  AND  FOREION  BODIES. 

Brrmchieetatic  cavities  may  contain  a  growth  of  as])ergillus — 
Mycosis  nspei-gilhna.  Round  worms  may  enter  by  migration,  and 
bvdati<l  cvsts  are  met  witli.  Tin*  IHnlnma  pii/munitm  is  a  rare 
anisite  invading  the  bronchi. 
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Foreign  bodies  from  the  exterior  usually  enter  tlie  right  broo- 
chiis.  They  often  lead  to  serimis  inilamniatiun  and  suppumtioo. 
unlesis  they  are  coughed  up.  Bronchial  concretions  sometimes 
iorm  by  inspiasatioii  of  tlic  secretions,  especially  in  bronchiectatir 
cavities.  Very  rarely  cartilaginous  or  bony  masses,  derive<l  liv 
outgrowth  and  later  separation  from  the  bronchial  cartilages,  arc 
observed. 


THE  LUNGS. 

Anatomic  Considerations.— The  structure  of  the  lung!-  in 

their  uirc.\]);indc(l  niiiditinn  is  verv  similar  to  that  of  an  epitlie- 
lial  gland,  consisting  of  ducts,  the  bronchi ;  and  glandular  tissue, 
the  pulmonary  parcucliyma.  The  terminal  bmnchioles  di\iile 
into  several  alveolar  passages,  which  open  into  infundibula,  and 
these  in  turn  are  surrounded  by  air-sacs.  The  groups  of  inftin- 
dibiila  connected  with  a  terminal  bronchiole  constitute  an  acinar. 
Keighboring  acini  unite  to  form  lolmlcs,  and  the  lobules  unite  to 
iorm  lobes.  The  epithelial  lining-cells  of  the  air-sacs  are  larp-, 
flat  plates,  which  resemble  endothelial  cells  very  closely.  Beneath 
these  cells  is  a  layer  of  ela.-^tic  tissue,  Mhich  gives  the  lungs  tiieir 
characteristic  ela.sticity,  and  in  which  is  eml)eddcd  a  rich  network 
of  capillaries,  that  carry  on  the  proper  respirator}-  function  of 
the  lungs.  These  c;ii)illaries  are  the  terminal  ends  of  the  piilmo 
nar\-  artery.  Another  set  of  blootl-vessels,  the  bronchial  arteries, 
serve  only  to  nourish  the  walls  of  the  bronchi  and  the  stnictun- 
of  the  lung's  themselves.  The  return  circulation  is  mainly  carried 
on  by  the  pulmonary  veins,  which  receive  the  blood  of  the 
pulmonary  arteries  and  much  of  that  of  the  bronchial  arteries. 
The  distribution  of  the  lymjihatic  vessels  in  the  lungs  is  of  the 
greatest  significance  in  pathologic  anatomy,  espei'ially  with  regani 
to  the  dissemination  ut'  infeclious  diseases  in  the  lung  itself.  One 
system  of  lymphatics  begins  in  the  lyni]>h-spaces  between  the  cells 
of  the  intcrvesicular  septa.  These  lympli-sjMices  deliver  their 
contents  to  lymjiliatic  capillaries  in  the  same  region,  and  these  in 
turn  follow  the  alveolar  passages,  snrroimding  the  latter  on  all 
sides.  Where  the  several  alveolar  passages  unite  to  form  a  ter- 
minal bmnchiole  the  smaller  lymphatic  capillaries  also  unite  to 
form  larger  branches,  which  follow  the  bronchioles.  Other  lym- 
phatic vess<'ls  surround  the  pulmonary  veins,  constituting  a  peri- 
vascular system.  Still  another  .sy.stem  begins  in  small  subpleural 
capillaries,  which  unite,  enlarge,  and  then  jK'netrate  the  lung  along 
the  iuterlolndar  scfita.  Some  of  tiicm,  however,  pass  at  once  t" 
tlx'  ])eril>ronchial  and  perivesieular  tissues.  All  the  lymphatic 
trunks  leave  the  lung  at  the  root  and  eventually  dischai^  int" 
the  thoracic  duct. 

Collections  of  lymphoid  cells  are  found  in  various  places  along 
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the  lymphatics  in  the  tissue  of  the  hmg.  Near  the  root  these  are 
of  considerable  size,  and  merit  the  ii:iinc  of  lynipiiatic  nodes  or 
glands.  Still  larger  and  more  ini|)<)rtaiit  ones  are  found  .surround- 
ing the  bronchi  just  outside  the  lungs,  and  around  the  end  of  the 
trachea. 
b  CONGENITAL  DEFECTS. 

Complete  absence  of  the  lungs  has  lu-en  noted  in  eertain  mon- 
sters. One  lung  may  be  absent,  or  its  jKirenehynia  may  bi-  im<le- 
veloped,  wiiile  tlie  bronchi  are  dilated  evrn  to  a  cystic  cuuditiun. 
The  opposite  lung  is  compeusatorily  enlarged.  Minor  aijnormali- 
ties  in  the  division  of  the  lobes  and  the  like  are  not  rare  ;  and  in 
a  few  instances  accessory  lobes,  wholly  discinmeeted  from  tlie  rest 
of  the  lung,  have  Ix-en  obser\'e<l. 

CIRCULATORY  DISTURBANCES. 

Anemia  of  the  lung  oecurs  a.s  a  part  of  general  anemia,  frmn 

1)res.sure  niion  the  lung,  or  from  oltstnietion  or  HhlitenitlMn  nf  the 
>loo<l-vessels.  The  last  is  the  cause  of  tlu'  great  |»uliuunary 
anemia  in  emphysema  of  the'  huigs.  The  liuitrs  are  pale  in  color 
or  of  a  mottled  ajipearance  in  elderly  persons,  in  whose  organs 
considerai)le  pigment  is  usually  [iresent. 


Fii;  jm  —Acute  cnnt:)??!!"!!  .if  tlii'  Irm^-    Kirc  iind  Srhmorl). 

Active  Hyperemia  or  Congestion. — Exercise  constantly 
leads  to  increased  flow  nf  bluod  tn  the  lungs,  and  this   may  be  ex- 

^treme,  causing  rapid  death  (iipopf<.riii  pulmninun  vam'ulnriti).  In 
cases  of  irritation  of  the  lungs  by  the  inhalation  of  heateti  or  cold 
air,  or  of  irritating  gases,  and  in  eertain  lesions  of  the  base  of  the 
brain,  there  may  be  more  or  less  active  congestion  of  tlie  lungs 
(F'ig.  200).  ('nUalcral  hypri-emin  occurs  wlien  tin-  opposite  lung 
^r  some  other  part  of  the  IhuIv  becomes  anemic  thnnigli  a  stop|Kige 
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of  tlie  circulation  in  that  part.  The  lung  in  active  hy|>ercniia  has 
a  (hirk-red  color,  ami  on  section  h\m»\  flows  from  the  surlace  nf 
section.  The  a!v<'oH  may  contain  free  bloo<I,  and  in  marked  cases 
there  is  blood  in  t)ie  ?piita  durinp  life. 

Passive  hyperemia  i;<  fur  the  most  part  a  chronic  condition, 
dne  to  causes  which  prevent  the  outHow  of  blood  from  the  lungs. 
The  most  frequent  cause  is  valvular  disease,  particularly  mitral 
stenosis  and  regurgitjition  ;  but  weakness  of  the  left  ventricle 
from  fattv  disease  or  fibroid  degreneration  acts  in  a  similar  manner. 
Any  local  cause  of  hindrance  to  the  outflow  of  the  blood  in  the 
veins  leads  to  similar  passive  congestion.  It  is  often  found  in 
the  dependent  parts  of  the  lungs  in  cases  of  great  asthcniu,  as  in 
typhoid  fever.  This  is  called  hi/poxlativ  I'onijfxiioii ;  not  infrt- 
qnently  it  lea*ls  ki  liypostatie  pneumonia  when  irritants  are  inspirtd 
or  descend  through  the  bronelii  to  the  parts  of  the  lung  affected. 
Post-mortem  there  is  often  a  similar  liy[)ostatic  congestion,  but 
without  any  evidences  of  catarrhal  intlaiiinmtion  of  the  bronchi, 
such  as  always  occurs  in  the  crises  ilevelopeil  during  life. 
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Fio.  201 .— Pbagucjrtlc  reUs  of  the  t|>iiliMii,  contnlnln!;  blmnl  iilgnivut,  bom  >  ca*e  < 
cardiac  congntiun  or  the  lungs  (Jakob). 


The  lung  in  passive  hyjxTeniia  is  <lark-red  in  color  and  heavy. 
In  the  more  acute  ca.scs  it  is  moist  on  section,  being  infiltrated  with 
serous  e-xudate  and  blocxi ;  in  chronic  cases,  as  in  slow  heart-failure, 
the  tissue  is  dry  and  indurated.  Microscopically  the  bloo<l-vcs6cl» 
in  the  alveolar  walls  are  seen  to  be  greatly  distcnde<l,  and  project 
into  the  alveoli.  Red  and  white  blood-itirpuscles  are  seen  within 
the  alveoli  and  in  the  interstitial  tissues.  In  the  later  stages  the  red 
cornu.seles  either  re-enter  the  circulation  or  break  down  to  form 
dark  pigment-granules  within  the  alveolar  epithelial  cells,  the  leu- 
kocytes, or  lying  free  in  the  tissues  of  the  alveolar  walls.  In  snch 
cases  there  arc  at  the  .same  time  considi 
ration  of  the  connective  tissue  of  the 
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is  calle<l  cyanotic  im^unition.  In  cases  <if  heart-disease  with  con- 
gestion of  the  Innps  tliere  are  very  i-nnimonly  fotiml  in  the  sputa 
|iiirnipnte<l  ejiitlielial  cells  and  leiiktK'vtes,  sueli  as  tliose  described 
above  (Fig.  201).  These  liave  been  called  hi'art-failure  cells 
(Horafeblerzelien).     They  are  of  somewhat  diagnostic  importance. 

Bdema  iK-curs  most  frequently  as  a  result  of  passive  hypen.'mia. 
In  other  oases  the  edema  is  the  conseonence  of  general  septic  condi- 
tions which  lead  to  unusual  perniealulity  of  the  blood-vessels.  In 
this  group  of  cases  helonij  the  instances  of  ''acute  itiiojwithic 
e<lema  "  which  are  apparently  indejiendent  of  cardiac  weakness 
and  probably  dependent  on  some  form  of  infection.  Similar 
edema,  not  defx-ndent  on  passive  congestion,  occurs  iu  the  parts 
of  the  lung  surrounding  inrtammatory  areas,  and  in  some  cases 
sudden  pulmonary  edema  seems  dejiendeiit  on  vasomotor  relaxa- 
tion. In  cases  of  stenosis  of  the  larynx,  edema  of  the  lung  may 
psult  fn>m  the  reduced  pressure  of  air  iu  the  alveoli  and  thecon- 
fsequent  suction  of  blood  to  the  pulmonary  circulation.  In  the 
MWS  of  edema  due  to  {wssive  congestion  the  lungs  are  dark-red 
in  color,  and  on  section  more  or  less  serous  Huid.  ivndcred  frothy 
by  admixture  of  air,  exudes  from  the  cut  surface.  In  the 
other  forms  of  edema  the  lung  may  be  quite  light  in  color, 
genenilly  grayish,  but  on  section  the  same  frothy  serum  exudes 
from  I  he  surface. 

Hemorrhage. — Small  punctate  hemorrhages  i>ccur  in  ca.ses 
of  severe  congestion  or  inflammation,  in  the  hemoTrhagic  or  in- 
fectious disea.ses,  and  in  cimsequence  of  high  hlo<Ml-pn'ssure,  as  in 
death  from  asphyxia  or  in  whooping-cough.  When  hemorrhage 
from  congestion  is  combined  with  serous  cH'usion  the  lung  assumes 
an  appearance  not  unlike  that  «(  a  hypercmic  spleen  (splenization). 
A  form  of  apparent  hemorrhage  is  seen  in  ca.ses  in  which  the  bhxxl 
is  aspirated  from  the  bronchi.  In  such  cases,  lobular  sjwts  of 
hemorrhagic  inKltration  are  found  at  the  bases.  Large  hemor- 
rhages into  the  substance  of  tfie  lungs  may  1k>  traumatic,  or  they 
may  be  due  to  rupture  of  an  adjacent  aneurysm  into  the  lung. 
Small  or  large  pulmonary  hemorrhages  are  at  times  due  to  lesions 
of  the  nervous  system,  especial  I  v  of  the  base  of  the  brain. 

Hemorrhage  from  the  lungs,  discharging  externally  thniugh  the 
bronchial  tubes,  is  most  commonly  dm*  to  tuberculosis,  and  is 
rwirticularly  frequent  in  the  late  stages,  when  <'aviti('s  have  formed. 
The  immediate  source  of  the  hieetling  is  genendly  an  eroded  ves- 
sel in  the  wall  of  the  cavity,  and  a  small  miliary  aneurysm  is 
commonly  found  at  the  point  of  erosion.  Hemoptysis  may  be  the 
first  indication  of  the  existence  of  pulmonary  tulwrculosis,  but  the 
old  belief  that  Hemorrhages  cjui.s*>  jihthisis  is  ill-fomuled.  A 
hemorrhage  or  any  other  lesion  of  the  lungs  may.  of  coui"si'.  add  to 
the  liability  to  infection  ;  but,  as  a  rule,  the  cases  in  question  are  in- 
stances of  hemorrhage  cx-curring  In-fore  the  other  evidences  of  the 
pulmonary  disease  have  become  marke<l.     Occasionally  hemopty- 
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sis  is  due  to  congestion  of  the  lunps,  to  erosion  of  small  blrxid- 
vcssels  from  {^anj^renc,  abscess,  or  tiu-  like,  or  to  vicarious  men- 
striiiitieii). 

Hemorrhagic  infarcts  muy  oc<Mir  in  the  Inn^,  as  in  other 
places,   froru   ulistruetioii  of  the  arteries   by  emlwli.     The  Litter 
come  from  the  riglit  hcurt  or  from  the  penenil  venous  system,  and 
lodge  in  the  siualler  bnuiehes  of  the  pulmonary  artery,  frequently 
at  their  points  of  subdivision.     \er\  often,  however,  emboli  u»i 
not  found,  or,  if  so,  are  so  small  as  to  have  been  unable  to  caa<e| 
olistructiou  without  the  associatetl    thntmliosis,  or  there  may  \»\ 
purely    throiuiK)tic    oeclusiitu.       Valvular    lesions    and    muscular 
weakness  of  the  heart  aid  greatly  in  the  pnKluctiou  of  infiirciioas 
by  causing  a  sluggish  ciirulation  in  the  pulmonary-  vessels,  and 
thus  eiu'ouragiug  thrombosis.      Infarctions  are  m'casionally  due  to 
throuibusis  nf  the   ]>ulmonarv  veins  without  obstnictiou    of  the] 
arteries;  nmri'  ran'ly  they  arc  taused  by  w<'lusion  of  one  of  the j 
bnuit'hial  tubes.     The  latter  condition  leads  t<i  collapse  (o/f/tr/ow) 
of  the  ]wrt  of  the  luiigassfx'iatcfl  with  that  tube,  to  consequent  cod- j 
gestion  (see  Atelectasis),  and,  suinetimes,  when  the  congestion  i* 
severe,  to  hemorrhage.     In  addition,  it  is  to  \ye  remembered  that 
hemorrhages  into  the  lungs  are  likely  to  have  the  shape  and  appear- 
ances of  iinliuary  iufarcts,  because  they  occupy  the  area  supplied  hv 
the  bninchus  into  which  the  blocnl  finds  its  way.      Infan-tions  are 
most  frequently  found  in  the  lower  lobes  and  in  the  right  lung;  they 
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Fra.  202.— Hemorrhagic  Infarction  of  the  lung  (from  A  phot<)graph  bjr  Dr.  Wm.  M.  Grsf). 

are  usually  multiple.  They  have  the  characteristic  wedge-shape,  the 
ba.se  of  the  wedge  directed  toward  the  pleural  surface.  They  are 
hard,  airless,  dark-colored,  and  project  above  the  other  paits  on 
section  and  on  the  pleural  surface.  Microscopically  there  is  seen  I 
a  uniform  hemorrhagic  infiitiTitinn  of  the  tissues  (Fig.  202),  and 
not  infrequently  liyuline  thrombosis  of  the  smaller  Idood-vessels. 
Toward  the  ajH-x  of  the  infarct  there  is  more  fibrin  in  the  blofnl- 
vessels,  and  the  main  vessel  luav  be  found  obstructed  bvan  emiw- 
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us  or  thrombus.  Small  infarcts  may  be  wliolly  rt-nioved  through 
he  vascular  ami  lymphatic  channels  after  lii|iufactinn  and  gninu- 
lar  dejjeiicration  of  the  Ijlood-chit.  Mure  cHmninnly  a  |»i^nicnted 
jcar  is  left.  Softening  and  eyst -format ion  may  occur,  or  in  cases 
in  which  tlie  orijjina!  embolus  was  infected  by  micro-or),'ani.«ms,  or 
in  which  the  infarct  IxH-imies  infeetcil  thruuf;h  tlic  broni'hial  tubes, 
jbwess  or  pin^reiie  may  result. 

Embolism  without  iidarction  is  not  infrequent  in  the  lungs. 
An  interestii)<r  fnriu  is  tut-i'mltoiism,  rcsultin>r  from  fracture  of  a. 
bone  with  disorirautzatiuu  of  the  marrow,  and  less  (Vequcntly  from 
traumatic  disturban<*e.s  of  other  fat-tissues.  When  large  lirauelics 
uf  the  pulnionary  artery  are  oc<'tuiIed  in  this  way,  or  wheu  numer- 
ous vessels  are  obstnicted,  sudden  death  may  result.  In  other 
cases  there  are  merely  irreat  dyspnea  tnu\  oppression,  .\ir-embo- 
lijim,  emboli.sm  of  hydatid  cysts,  aud  embolism  of  portions  of 
tumors  are  rare,     .\ttention  has  been  raUed  to  the  embolism  of 

flacental  cells  in  certain  cases  of  eclampsia. 
HYPERTROPHY  AND  ATROPHY. 
H3rpertrophy. — True  iiypertrophy,  iu  the  sense  of  increase 
:if  all  the  constituents  of  tlie  Inng-tissue,  is  c.\tremely  rare,  and 
probably  only  oi-curs  when  areas  of  the  pidmouary  tissue  have 
been  remlered  useless  early  iu  iufancy  or  in  fetal  life.  Cases  have 
been  observed,  however,  in  which  a  sitiirlc  Iuul'  oecupicf!  the  entire 
side  of  the  thorax  to  which  it  l);>lon'.jed,  aud  also  a  |>art  of  the 
other  .side,  where  complete  atrophy  i>f  the  other  lung  had  existed. 
It  may  be  that  limited  areas  of  hypertrophy  occur  more  frec|uently 
than  we  at  prese-nt  believe,  but  evidence  is  wanting. 

Partial  Hypertrophy. — The  muscular  tissue  of  the  intervesicular 
H'pta  and  of  the  smaller  bronchioles  not  infrecpientlv  undergoes 
proliferation  or  hyperplasia  when  there  has  been  obstruction  in 
the  air-pa.ssjigc.s,  so  that  greater  e.\pinitory  fonn-  was  rci|uired. 
Similarly  the  elastic  tissues  may  become  iucreii-swl ;  but  these  are 
not  instances  of  true  hypertrophy. 

Atrophy. — Aside  from  that  which  occurs  as  a  part  of  emphy- 
sema, atrophy  docs  not  take  place. 

k  EMPHYSEMA. 

By  this  term  is  indicated  an  increase  of  the  air  contained  within 
the  lungs,  either  in  the  normal  tubes  and  alveoli,  or  in  the  inter- 
stitial connective  tissue.  Two  varieties  of  emphysema  may  be 
distinguished  by  their  essentially  different  nature.  These  are  thb 
initfMitinl  and  the  rfninilor. 

Interstitial  emphysema  of  the  lungs  is  similar  to  the  em- 
physema of  the  subcutaneous  tissues — i.  e.,  the  term  reJ'ers  to  the 
existence  of  air  within  the  fibnms  tissue  (tf  the  lung.     This  occurs 

the  course  of  affections  in  which  there  is  some  olistruct ion  to  the 
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expiration,  comliined  with  severe  coughing  or  forcible  expiratory 
eft'ortfi,  leading  to  rupture  of  the  iiitervesiciilar  septa  and  extrava- 
sation of  air.  Degenerative  or  inHainnmtorv  weakness  of  any  part 
of  the  pultiionary  structure  would,  of  eourse,  act  as  a  primarv 
cause.  Inter.-tttial  emphysema  is  most  conmionly  observed  iu 
sueh  diseasfp  as  \v[io()}>iug-coMgh  and  membranous  croup  ;  it  may 
also  result  simply  IVum  straining  cH'orts,  as  in  women  during  lalnir, 
or  from  foreihly  blowing  wiu<l-iustruments,  etc.  The  air  from  \\w 
ruptured  air-vesicle  finds  its  way  into  the  intenilveolar  and  iuter- 
vesicular  septa,  and,  jHissing  along  these,  eventually  reaches  the 
interlobular  and  snbpleural  connective  tissue,  where  it  i.s  smm-h  in 
the  form  uf  small  lilebs,  movable  IVom  place  to  place.  The  prtv 
ccss  may  extend  to  the  roots  of  the  lungs,  and  even  to  the  medi.nsti- 
nal  tissues  or  to  tlii>  subcutaneous  tissues  of  the  nc<-k.  When  an  air- 
vesicle  near  the  j)lcnral  surface  ruptures,  pneumothorax  may  result 

Vesicular  emphysema  is  the  term  used  to  designate  o\er- 
distention  m\'  the  alveoli  and  air-sacs  of  the  lung.  Two  factors 
play  a  piirt  in  the  eau.-^atiuii  of  this  coudilioti :  fii-st,  inert-use  of  the 
pressure  under  which  tlie  air  exists  in  ihe  lung;  and,  secondly 
degcnei-ative  or  inHinamatory  weakness,  with  Ioks  of  elasticity  of 
the  hing-strueture  it.-iclf.  There  are  .several  varieties,  and  the 
causes  vary  somewhat  in  each. 

((f)  Acute  vesicular  emphysema  results  simply  from  excessive 
air-[)ressure  within  the  iilvcoli,  ami  may  be  more  or  less  wide- 
spread. It  oecnrs  in  eases  in  which  iiiHanimatorv  swelling  or  nui- 
cons  .secretions  within  the  lirouelii  ol)struet  the  expiration  of  air, 
but  are  not  suHieient  to  impede  the  more  vigorous  inspinitorj' 
force.  There  results  ovenlist<'ntion  of  the  alveoli  and  air-vesicles. 
(Somewhat  similar  conditions  are  present  when  the  entrance  of  air 
into  certain  jiarls  is  impedetl  by  obstruction  or  disea.<<'  of  thi' 
bmiiehi  or  by  eonsolidations  of  the  pulmonary  tissue.  Localized 
emphysema  of  other  parts  results  (Fig.  "204):  the  term  ricariont 
cmphiiKiina  is  applied  to  such  ca.ses.  This  is  not  unusual  in  the 
lobules  of  the  Itmg  surroun<ling  areas  of  pneumonic  or  tuberculous 
consolidation,  and  may  attect  an  entire  lol)e  or  lung  when  the  en- 
tnince  of  air  into  the  other  lobes  or  the  other  lung  is  preventeil. 

Pathologric  Anatomy. — In  these  cases  of  acute  and  vii-arious 
empliysema  tfiere  is  simply  ovenlistention  of  the  alveoli,  and  the 
tissue  presents  a  paler  color  than  normal  and  a  cotton-like  senta- 
tion  when  gnisj>ed  in  the  lingers.  Microscopically  nothing  beyond 
overstretching  of  the  septa  and  some  anemia  of  the  ve.ssels  is 
apparent.  If  the  causes  continue  to  op-rate,  changes  similar  to 
those  found  in  chronic  vesicular  emphysenui  ensiu-. 

(/<)  Chronic  vesicular  emphysema  is  th(>  onlinar^'  form  of  eruphr- 
sema,  and  is  .sometimes  spoken  of  as  unhHttDilio/  nnjihyxnna. 

Etiology. — t'hronic  vesicular  emphysema  commonly  occurs  in 
cldi-rly  persons,  and  is  predisjwsed  to  by  attacks  of  broncho- 
pneumonia and  by  the  existence  of  other  intlammatory  and  con- 
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gestive  conditions  of  the  liiiig.s.  These  conditions  lead  to  weak- 
ness and  loss  of  elasticity  of  the  pulnjonarv  tij^siie.  Heredity 
plays  a  j>art  in  the  siime  direction,  and  it  is  siip|"KJse<l  Ity  sonif  that 
there  is  an  abnormal  lack  of  dcvei()|nni'iit  of  the  elastic  tissue  in 
the  lungs  of  such  jicrsoiis,  renderinfr  tlicm  nion'  snsceptihle  to  this 
disease.  The  direct  exciting;  c;msc  of  eniphysenia  is  inen-ase  of 
the  air-pressure  witliin  the  alveoli,  and  umch  sjM'cuiation  has  been 
indulged  in  to  discover  whether  inspiration  or  expiration  plays  tlie 
more  important  jKirt  in  inen-asing  the  pressure.  It. seems  likely 
that  the  expiratory  force  is  the  more  iiiiportatil  one,  as  in  tlie  cjjm; 
of  constant  eou^hiiig  in  ehroiiic  lininrhttis,  the  lilovving  of  wind- 
instniments,  and  the  constant  straining  in  <'crtain  pelvic  disorders, 
all  of  which  may  h-ad  to  emphysi'nia. 

Pathologic  Anatomy. — The  lung  increases  in  siw,  and  very 
jften  remains  ilistended  when  the  thurax  is  opened  |nist^mortem. 
iThe  edges  are  rouudiHl ;  the  organ  is  light  in  color,  and  has  a  cottou- 


Pio.  3)3.— Kmphjrsemm  of  U>e  lungs  (Karg  and  Schmorl). 

like  feeling  when  squeezed  between  the  fingers.  On  section  into  it 
the  alvettli  may  he  seen  to  be  distended,  and  then.'  may  be  cavities 
lof  quite  consider<iV>le  size,  often  a.«  large  as  a  pea,  and  .sometimes 
even  that  of  a  cherry  or  plum  {Fig.  203).  Ijjirge  spaces  of  this 
kind  are  not  unusual  near  tlie  pleural  surface  ;  the  terni  M/diix  ait- 
phyufvui  has  been  used  in  reference  to  such  eases.  Tlu'  pigment- 
matter  of  the  lung  is  very  nuu'h  lesseneil,  and  may  he  distribute<l 
in  radiating  or  parallel  Hues.  Thi.s  les.sening  of  the  pigment  is 
not  alone  due  to  its  distrilmtion  over  a  greater  space,  but  there  is 
also  actual  disip|M'aninee  by  removal  through  the  lymphatic  chan- 
nels and  through  ex]K'ct<ir!ition. 

Chronic  emphvsema  may  be  !i  general  process  affwting  all 
parts  of  both  lungs,  or  it  may  be  localize<l.  In  the  latter  case  it 
is  the  apex  and  anterior  edges  that  are  most  commonly  involved, 
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but  spots  of  ciiiphysoma  may  he  seen  herf  ami  therv  in  other  parti 
oftlu'  linijf,  int<'rs|R'rsi'il  witli  normal  tissue.  The  involvement  ottlju 
ajiex  luid  anterior  portions  is  due  to  the  fiict  that  the  exnir-alorv 
ioree  is  more  a]>t  to  ilistind  these  portions  of  the  lung  than  tlic 
lateral  aiitl  hii.-al  portions,  whirl)  receive  the  uniform  snpjxin  mI 
the  sides  of  the  ehest  and  the  diaphragm  as  they  contract  agaiast 
the  lung. 

Mierosfopieally  eiii])hysema  is  fnuml  to  eonsist  in  enlarjn'- 
nu-nt  of  the  vesieles  and  alveoli  by  dislentiou  antl  by  atrophv 
and  disapiManuice  of  the  intervesicular  an<l  interalveolar  i*pta. 
Studieil  iron)  the  earliest  stage,  there  will  be  ti>im<l,  first,  over- 
distention  of  the  air-sjies,  then  a  gradual  thiiming,  and  tinulK 
vacuolization  of  the  int<-rvesieidar  septa  at  their  thinnest  psirtr. 
Coineidentally  the  small  <'apinari«'s  are  <•onlpre^sed,  and  an-  finally 
converted  into  hyaline  eords.  The  anemia  con.sei|uent  njion  this 
determines  additional  atrophy  and  dogenemtion  of  the  septa  ami 
fatty  degeiicralion  of  the  Ifiosened  epithelium,  so  tlnit  eventually 
the  whole  of  ihf  se|)tiun  disjippears.  Ijjiter,  adjacent  alveoli  infcr- 
comiuunieate  an<l  large  spaces  are  thus  (orme<l. 

The  obstruction  to  the  pulirionim-  circulation  due  to  the  ol>lit- 
enition  of  the  cajiillaries  leads  to  collateral  hyperemia  of  the  larp?r 
bnmches  supplying  the  bronchi,  and  thus  prolongs  the  chronic 
bronchitis,  which  in  tlie  fii-st  instance  may  have  been  the  cause  nf 
the  eniphysenia.  Siiliseijiiently  eul!atei-al  anastomosis  between  the 
pulmonary  arteries  ami  the  bronchial  system  of  bloiKl-vefieel.*  h 
established. 

Associated  Conditions  in  Other  Organs. — The  sha{)e  of  tlw 
thora.v  in  emphysema  is  cliaiiicteristie.  The  chest  is  in  a  constant 
state  of  extreme  iiisjiirntioti,  the  clavicles  elevated,  the  sternum 
jjrotruded,  the  back  arched.  It  has  a  shape  well  likeneii  to  lliat 
of  a  barrel.  Tiie  diaphnigm  is  usually  depres.sed,  and  the  liver  is 
below  its  normal  position  ;  the  heart  is  almost  or  c<miph'ti'ly  cov- 
ered over  ill  front  and  usually  pressed  somewhat  baekwani  fn»ni 
the  chest-wall. 

Pathologic  Physiology. — The  effect  of  em))hysema  ujHin  the 
circulation  is  im]n>rt!U)t.  The  obstruction  of  thi-  pulmonary  cap- 
illaries h'ads  to  increase  of  |)ul)nonarv  |)ressm'e,  and  eventually 
hyjK'rtropliy  of  the  right  heart ;  later,  dilatation  of  the  right  ven- 
tricle ensues,  and  chanieteristic  canliae  dn>psy  with  general  cyano- 
sis may  resiiU. 

(o)  Senile  emphysema  is  due  tr>  thinning  nf  the  intervesicular 
septa,  the  result  of  the  atrophic  [irtx-esscs  to  which  old  age  pre- 
disposes. There  is  not  necessarily  any  elenn'ut  of  iiicrea.sed  air- 
pressure  in  the  causation  of  this  form  of  emphysema,  and  the 
volume  of  the  Inng  n»ay  not  be  notably  increased,  though  the 
tissue  is  lighter  and  the  air-sj)accs  are  found  to  Ik;  increased.     The 
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ATELECTASIS. 

The  term  atelectasis  is  applied  to  two  (iistinot  cnnditions,  one 
ocfurring  lus  a  congenital  uffrctinn,  in  wliidi  tJic  lung  lias  ni'ViT 
been  properly  expuinli'd  \>y  air;  the  oilier  oeeiirriii}::  i"  at'ter-life, 
in  whicii  the  lung  is  coiiipirssetj  <ir  eoHap.Htnl,  so  that  the  alveoli 
and  air-ve.sieles  are  rendered  airless. 

Congenital  atelectasis  is  found  in  new-born  babes  in 
whom  the  inspimtory  power  has  been  so  defieiiMit,  as  the  resnlt  of 
general  weakness  or  eonipri'ssioii  of  the  tluinix,  or  of  compression 
of  the  brain  by  cerebral  heniorrh;iirc,  that  the  Iniijrs,  or  parts  of 
them,  have  never  been  expanded.  It  may  also  take  jilace  in  a 
purely  mechanical  way  liy  obstruction  to  ihe  air-psissages  by 
rneeoniuni  or  other  foreijin  matter. 

Pathologic  Anatomy. — (.'on^reidtid  atelectasis  eonnnoidy  affects 
the  bases  and  j)osterior  portitms  of  the  lun>r.  The  area  of  disease 
is  of  a  dark-rt-ddish  color;  it  is  nither  loiijjfh,  and  on  section  ])re- 
.sents  a  smooth  a|ipeai-.uict' ;  jiressu re  ijives  no  sign  of  crepitation. 
If  a  portion  be  thrown  into  water,  it  siidvs.  ITsnaliy  a  cou- 
sidemble  part  of  the  limg  is  involveii,  but  sometimes  merely 
lobular  areas  ar*'  affeetwl.  By  inserting  a  Idowpipc  into  the 
bronchi  the  lung  may  be  inflated,  and  ri'sumes  its  normal  a\>- 
ptiinmee,  jtrovided  the  condition  has  not  jwrsisted  for  any  length 
of  time.  If  the  chiltl  do<'s  not  perish,  secondary  changes  take 
place.  The  epithelium  of  the  alveoli  degenerates,  more  or  less 
proliferation  of  the  connective  tissues  of  the  septa  wcurs,  and  the 
pleura  over  the  di.scas«.'<l  area  is  prone  to  become  thickened.  The 
atelectatic  jKirtion  of  tlie  lung  in  sm'h  cases  remains  collafised  ;  it  is 
smooth  on  section,  fre<'  of  piguient,  and  can  no  lunger  be  inflated. 
Secondary  dilatiition  of  the  bronchioles  and  lironehi  may  ensue. 

It  is  of  interest,  in  a  iiiwlicijle;r;it  sense,  to  recojjnize  tliiit  iitelcctusis  re- 
sembtiag  the  conjrenitiil  form  rniiy  bo  met  with  in  the  btnlies  of  infants  that 
hnve  lived,  brcatheil,  iind  even  cried  lustily.  Tin*  expliinatitm  of  this  ia 
thiit  C"llaj>se  occurs  some  time  after  birth,  ntrd  that  as  tlie  hing  has  practi- 
rally  still  it*  fetal  charactcristiis,  the  resulting  atelectasis  la  the  exact 
counterpart  of  the  eonj;enital  lonn. 


'  Atelectasis  in  later  life  occurs  under  a  variety  of  condi- 
tions. It  may  simply  be  the  n/siilt  of  compression  of  the  lung  by 
pleural  effusions,  by  deformities  of  the  chest,  bv  tumors,  aneur- 
ysms, and  the  like.  It  may  also  be  met  with  in  cases  in  which 
the  bronchial  tubes  have  heennie  obstructed.  The  larger  bronchi 
may  be  o<'eluded  by  the  |)^'^sure  ot'  tumors  or  aneurysms,  or  by 
foreign  bodies,  an<I  the  resulting  atelectasis  is  of  considerable 
extent;  the  smaller  bronchi  and  bronchioles  are  fre(|ucntlv  ob- 
stnictetl  by  intense  catarrhal  thickening  of  their  mucosa.  an<l  in 
}nse<|ueuce  lobular  airas  of  atelectasis  are  developed.    Tlie  latter 
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is  t'.sjK'ciully  fnquent  as  one  of  tlic  patholngio  features  of  brnncbo- 
piR'Uinoniu  ((/.  v.). 

The  t'xi>liiiiation  of  atelectasis  as  the  result  of  bronchial  ol»- 
Btniftion  has  nccasirmed  rinifli  <lis<uission,  and  several  theories 
hiivf'  hvvn  |»r<v|M)si>(!.  hi  sfuiic  rases  it  is  not  unlikely  that  mucpa' 
seeretiuris  witlriii  tlii'  l»r<>nclii  niav  prevent  inspiratory  entranff  "I 
air  into  tile  lungs  withmit  i/pposing  any  itbstaele  to  expiration,  ■ki 
that  roljapse  is  gnidually  developed.  In  other  cases  it  is  likolv 
that  liotli  inspiration  and  expiration  are  prcventinl,  while  the  .lir 
euntuined  within  the  air-ve.sieies  is  gradually  absorlKnl.  It  b 
claimeil  that  first  the  oxygen,  later  I  he  carbonic  acid,  and  tinally 

tbe  nitrogen,  are  absorbi-*]  ;  the  «-i)l- 
lapse  of  the  alveoli  then  Ixt'onii's 
complete.  It  is  possible,  also,  that 
atelectasis  may  Ik-  developed  as  the 
result  of  the  failure  of  respiratnrv 
itiotions  on  one  side,  or  affecting  a 
certain  jmrt  oC  tlie  lung.  As  a  n^ 
suit  of  tliis,  the  elasticity  of  the 
pulmonary  tis.sue  would  gradnallr 
jiress  the  air  out  of  the  affected 
ana,  while  new  air  was  not  *u|>- 
plied  by  inspinition.  Such  a  ctin- 
tlition,  however,  must  be  rare. 

Pathologic  Anatomy. — The  jtart 
affected    l»y  atelectasis    is   dark  in 
color,  and  is  nnich  n-duced  in  size, 
so  that  when  lol>tilar  areas  arc  af- 
feetcfl  the  pleural  surface  may  Iw 
considcmbly  depres>e<l    (Fig.  201), 
On   s<'ction  the  surliice   is  smooth 
and  generally  dry,  though  in  some 
instances  jxassive  hyperemia,  which 
is  generally  present  to  some  extent,  reaches  .such  a  grade  that 
bloody  liquid  flows  freely  from  the  surface  of  section.     The  t<'rni 
»jt/n)ir.fitifni  is  properly  a jvplied  to  such  eas«'S,  whereas  tbe  instjinet^; 
in  which  the  surtace   is  dry  are  often  spoken  of  as  rnniiJiratiDK 
The  lung  d)»es  not  crepitate,  and  sinks  when  place<I  in  water.     I 
the  earlier  stages  tiie  diseased  portion  may  be  inHated  through 
bronchial  tubes;  Imt  wiion  the  couditinn  has  persisted,  conne<'tivi 
tissiu*   overgrowth    springing  t'roni    the    septa    causes    p«'rmancnl 
induration   and   permain'iit   collapse.     Tiie   lung  iti   such  eaww 
hard  and  of  a  dark  eoh)r,  due  to  the  <lcpi>sit  of  hematogenous  pi 
merit,  tlie    result  of  disintegration   of  the   blocnl    pre.sent. 
bronchi   may    be  compressed,   but    sometime.s  ntelectatic  bronchi- 
rrtnxin  results  from  the  increased   jiressure  of  air  sustainetl  by  the 
bronchi  in  consequence  of  the  collapsed  state  of  the  lung-tissue. 


Fio.  204.— AtclecUkHls  due  in  broii- 
'Chial  olwtriii'tioii :  acute  cmnliyseina 
of  the  unaBeclcd  portions  of  the  Iudk 
tOrth). 
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INFLAMMATION.  OR  PNEUMONIA. 

Classification. — InriammjitiHU  of  the  liiiij^s,  |iii('tiiTionia,  or 
pneuiiionitis,  may  aris'  in  a  varifty  of  ways,  and  (irfM'iit  itself  ia 
a  number  of  widely  varying  forms,  tjoth  as  to  tin-  tiistriliution  and 
thf  nature  of  the  jvatliologic  changes  in  the  itnlnionary  stnietiire. 
In  all  cases  some  irritant  h  conveyed  to  the  linig  either  (f()  from  the 
upper  air-passages  or  external  world  thmugli  the  liroiichi  (Iminehn- 
genie  pneumonia)  ;  (//)  from  some  other  part  of  the  l>o<ly  through 
the  biootl  (heinatogenie  piicumoiiia) ;  or  (r)  from  the  pleura  hy  direet 
cten»ion  or  tlirough  the  lyni]>h-eliaiinels  (pleurogenie  pueimionia). 

Anatomieatly  jmeimionia  is  elassitied  aeennling  to  the  nature 
of  the  inflaiuniutory  [n-odiii'ts,  and  thrre  are  thus  distinguished  : 
JibrinoH-i  jintiiinnuia,  in  whieh  tiie  air-vesicles  an<l  terminal  hron- 
chioles  contain  an  exmhite  especially  rii-h  in  lihriii  ;  niinn-httl,  ur 
bronchopneuiuonia,  in  whieh  the  exudate  is  eomjMKseil  oi'an  alhumi- 
noiis  liquid  containing  numerous  epithelial  cells  and  blmnl-cor- 
pusfdes ;  piimlrnt  pneiimwiiti,  in  whiciv  pns-eells  are  the  note- 
worthy element  in  the  exudate;  rhrt'/ii/  jtiifuiiinnid,  in  which 
cellidar  desquamation  and  cheesy  necrosis  are  pn>inincut  ;  and 
productive  or  fihroun  pneunuinid,  in  wliieh  there  is  overgrowth 
of  fibrous  connective  tissue.  It  is  to  be  reniembere<l,  how- 
ever, that  mixiMl  eases  are  of  frequent  occurrence.  Thus  in 
many  instance.^  locuiizf.'d  areu.s  of  decided  t]l)rinon.s  pneumonia  are 
found  in  the  mirlst  of"  larger  areas  of  catarrhal  pneumonia  ;  some 
distin<'tly  purulent  exudation  niay  be  lui't  with  in  many  instances 
of  Hl>rinoiis  or  catarrhal  pneumonia;  and  more  or  li'ss  productive 
inHainniation  and  fibrous  overgrowth  may  l)e  seen  in  any  of  the 
other  varieties.  Typical  cases,  however,  present  little  mixture  of 
[.the  lesions. 

The    terms    parenchymatous   nnd    interstitial    |)nennionia   are 

letimes  employed,  but  areof  tlonliHul  significance.  The  ))ro)R>r 
ichyma  of  the  lungs,  the  alveolar  se])ta,  and  their  contained 
>loo<.l-ve.ssels,  are  never  the  sole  seat  of  infiannnation,  and  the 
term  parenchymatous  pneumonia,  as  usually  applied  to  iuHain- 
niatioas  of  the  lining  epithelium  of  the  air-vesicles,  is  therelbre 
misu.s4<l.  It  is  more  projwr  to  i*all  the  fibrous  variety  interstitial 
pneumonia. 

Fibrinous  Pneumonia. 

Definitfon. — Fibrinous,  or  croujMius,  or  lobar  pneumonia  is 
an  acute  infectious  form  of  pncumimia,  generally  caused  by  the 
Diplococcus  pneunioniie,  and  usually  involving  an  entire  lobe  or 
more  of  one  or  both  lungs.  I'athologicaily  it  is  ehanieterized  by 
an  exudation  within  the  air-vesicles  and  ti'rTuinal  broncliiolcs, 
mainlv  comjxtsed  of  fibrin  ;  and  (dinically  the  disease  is  markod 
.bv  a  definite  and  characteristic  course. 

Etiology. — The  important  factor  in  the  causation  of  fibrinous 


piiiMimonia  is  tlic  DipliK'^wiis  pnt'iimoniae  ( Fraiikel-Weichi*!- 
Ijatuii).  This  rnirro-<ptgiinisiii  is  found  in  the  .sputa  and  in  the 
liiji^rs  i>f'  the  fjreat  niiijority  of  cases,  and  is  iindoubtedlv  the  caii* 
of'  thi'  |mriiriii)iii:i  ;  t)iit  occjifiioniilly  other  mieroH)rfranisnis  Kvm 
to  (N■l■Il^illll  ty|iif'ai  lihritioiis  ]>T»('tiTn<ini:i.  Anionfr  these  are  tlie 
ptietimoedccii^  <it'  Frietlliiuch'r,  strcptDcocci,  stajihylfx-ocei,  the 
Imcilhis  uf  ty|)liiiiil  fever,  tin-  iKieilhisi  of  iuHiieiizii,  :uul  tile  Baeilliis 
coli  eiinimiiiiis.  In  si«ne  eases  in  whieli  haeteria  otiier  than  th« 
di])lociH;ciis  are  ^iipixisod  to  be  the  t-ause,  there  is  doabtleiv!  niiiwi 
infeetion  ;  but  it  must  be  aeeepted  at  the  j)resent  time  that  a  num- 
ber nf  miero-orjniiiisms  are  eapablf  of  i'aiisin>r  tlie  di.<«i!re.  The 
tii)rinous  jinfunmuia  which  oceurs  in  tlie  eourse  of  tuberculosis  is 
eertaiiiiy  thic  t<i  si'<-i>ndarv  infection,  and  tlie  sinie  thing  frnpientiy 
hajipeiis  in  tlie  course  of  typhoid  fever  and  influenza,  tliough  tlie 
!-jK'eitie  iiacilli  of  these  diwases  may  aloue  cause  pneumonia. 

The  niieriHurjranisms  iLsnally  fjain  ae<'ess  to  the  lung-s  throiijjh 
the  broii(-hi.  In  the  case  of  ilie  DiplcR-oecus  pneunioniie  the  fre- 
i|uent  (M'cnrrence  of  tliis  nrgani.-ni  in  tiie  month  and  iijtper  respira- 
tory jia^sages  t'uniishes  a  ready  explanation  of  one  source  of  infec- 
tion. More  nirely  the  bacteria  may  be  directly  inspireil  tmni 
without,  or,  excc|)tionally,  they  may  reach  the  lunjrs  through  the 
cireiilution. 

There  are  certain  prcdisposiii};  factors  which  have  lon<;  lK?en 
recognized  clinically  as  causes  of  |niciinionia.  These  probably  act 
i>v  ren<lcriiiii  the  pulmonary  tissues  less  resisting,  or  by  increasing 
the  virulence  of  the  diplocoeci  of  the  mouth.  Among  these  causes 
are  exposure  to  cold,  injury  of  the  lungs  by  traumatism,  fatigue, 
and  systemic  de])rcssion. 

(For  the  <lcscri|)tiuii  of  the  Diploc<x'ous,  see  page  225.) 

Pathologic  Anatomy. — The  lesions  must  frecpieutly  involve 
the  lower  lobe  of  llie  right  lung;  next  in  onler  is  the  lower  lobe 
of  the  left  lung;  tlie  apices  alone  are  least  frequently  involved. 
In  all  cases  there  is  a  ten<iency  to  the  involvement  of  a  whole 
lolie,  and,  as  a  rule,  the  entire  arcii  of  disease  is  af!ecte<l  uniformly 
and  siiiinltaneously.  There  are  wide  variations,  however;  for,  on 
the  one  hand,  typii*al  fibrinous  pneumonia  may  oc«u«i<>nally  appear 
as  a  more  or  less  lobular  disease  (particularly  in  influenzji),  and, 
on  the  other  hand,  the  prw-ess  may  spread  ii\>m  one  part  of  the 
lung  to  another  {pneumonia  migruus).  In  typical  cases,  not  only 
is  the  process  uniformly  distributed,  but  it  }msses  thnmgh  distinct 
stages:  tirst,  of  eonge.-lion,  tlien  of  consolidation,  and  finally  of 
resolution. 

Stage  of  Congestion  or  Engorgement. — The  affected  area  is  dark- 
red  in  color;  it  is  swollen  and  heavy,  and  on  pressure  crepitates 
less  than  a  healthy  lung.  The  pleura  over  the  disea*cd  part  is 
dull  and  liisterless.  On  section  through  the  lung  birxxly  liipiiJ 
exudes,  and  when  the  jiart  is  compressed  with  the  fingers  this 
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liquid  shows  few  air-huhbles.  The  nonditiim  is  simply  out'  <»(' 
intense  congestion,  witli  exudation  into  tfif  alveoli  and  tertuirial 
bronchioles  of  serous  liquid  and  lilorKl-eor|iusclcs  (see  Fig.  2CM>). 
Micn^^oopically  the  small  blood-vessels  of  the  septa  are  seen  to  he 
preatly  distended  and  projeet  iinvanl  toward  the  alveoli.  Within 
tlie  latter  may  he  ftuuid  many  red  corjiuselcs,  a  lesser  numlier  of 
leukocytes,  and  some  det;iehed  epithelial  eclls. 

Stage  of  Consolidation,  or  Hepatization, — Tiie  diseaseil  lung  is 


^fe*W. 


I  bepatiucliin  of  tlu>  Umg  (fruin  a  |ilt»t'>iL(ru|ili  ti>  lir.  Wm.  M.  Oray). 


now  completely  solid  anil  liviT-like  in  eonsisteiuy  (hepatization). 
It  is  swollen,  and  niarketl  on  the  surface  hy  indentations  of  the 


oiipoiu  pneiimnnlA :  beidnnlnfr  unj  hepatlxatlon  iKnrg  and  Schmorl). 


ribs.     The  surface  of  section  is  at  first  red  in  color  (red  hepatiza- 
^tion,   Plate  4),  but  later  hemtucs   white  or  gray,  or   in  elderly 
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ptTSfins  (in  wliom  (he  liitip*  art'  tisiially  ilarkly  pipnientwl  fioff 
iiiliiilatioii  i»t"<lti>t)  i>i'  11  varii'pitt'tl  ap|M'iininoe,  resfinhling  granite 
(;rr,iy  hcpatiwitioii,  Plate  5).  Tlu-  cut  surface  is  entirelv  dn', 
and  is  finely  jrniniilur  on  aeeoiint  of  the  projection  of  small 
plugs  of  tilirin  fnmi  the  alveoli  :uid  bronchioles.  The  pleura 
IS  generally  covered  with  filirinous  exudation.  Micros<'opio»lly 
the  alveoli  are  found  ilisleiitled  witli  a  network  or  particlts  of 
filiriu.  in  which  the  same  cclltdar  constituents  as  occur  in  the 
.-taj.fc  tit'cHiiiji-stiou  are  ciiiheddcd.  Tlie  tihrinous  network  is  Ik-;iu- 
til'ully  deiiKMistrated  l>y  staining  the  sections  after  the  luetluid 
of  Weigert  (Fig.  205).     Tlie  Ijlmxl-vesscls  are  les,s  prominent  than 
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Fw.  2fP7.— Advancul  ►:niy  lu'i'iitiziitlmi  (frnm  ii  ir|ii.t..i;rii|.li  i.y  It.  Wm   M  <ii»y) 

in  the  first  stage.  -Vs  the  disease  ailvauces  to  the  perirxl  'li' 
gniy  hepatization  the  niimlter  of  leukocytes  within  the  e.Mi<liit« 
increasf's  and  the  hloiMl-vessels  become  still  less  proniinent  (Fijjs. 
2(IC,  and  207). 

Stage  of  Resolution. — (tRiduidly  softening  of  the  exudate  of-eurs 
and  till'  iiiriiT  bri'iiiiies  more  moist.  I'liriform  litpiid  may  1* 
s<|ii('i'Z('d  from  the  surface  of  sii'tion,  or  may  be  sirn  in  the  bnm- 
cliioles  and  bronchi.  Crepitation  is  re-i'stablished.  Mien>soopi- 
eally  fatty  degtaiemtion  of  the  cells  of  the  exudate  is  appan-nt. 
Softeiuug  is  further  contribute<l  to  by  simple  liqiiefactioti.  The 
result  of  these  pHK'esses  is  enndsilicatiou  of  the  exudate,  which  i.s 
linallv  rarrii'd  otl'  by  the  lymphatics  or  ex}>ecti)rated. 

Hefurc  the  process  of  resolution  iscMnijdeted  the  epithelial  cells 
of  tlie  alveoli  aird  bronchioles  prolif-rate,  so  as  to  re}««ir  the  dis- 
eased jHirtioiis.  At  the  same  time  jirolifenttive  changes  mav  be 
seen  in  the  tissues  of  the  se|ita.  These  conditions  exist  thn>ughoiit 
the  disease  to  a  slight  extent,  but  become  more  ap|mrent  in  thi 
stage  of  resolution.  Kvcntiially  the  lung  is  restoreil  to  its  p 
vioiis  cnuditiciu. 

Unusual  Characters. — In  some  case.s  the  pathologic  chai 


P   ■!, 


'I| 


!  ,f. 


DISEASES  OF  THE  RESPIRATORY  SYSTEM.  4H3 

newhat  fmin  the  ty[)ical  form  (Icscrilu'd.  Not  rarely  there 
jider.ible  congestion  and  even  edenut  of  the  Inn^  throiifrh- 
disease  ;  in  druukiirds  or  eueheetie  individuals  tiie  exudate 
markedly  heiuorrhagie  thiiii  is  usually  the  case ;  and  soiue- 
articiilarly  in  instances  aeeonipanio<l  by  streptncoccous  in- 
the  exudate  is  more  cellular  tlian  customary.  In  still 
;ses  proliferative  changes  in   the  septa  are  pntniinent. 

jciated  Lesions  and  Pathologic  Physiology. — The 

of  the  Inni;  not   involved  hy  tiie  pneiinionic  process  are 

somewhat  emphysematous  and  congested  ;  and  olema  may 

The  latter  is,  however,  not  so  common  as  has  often  been 

.    The  larger  bronchial   tubes,  as  a   rule,  remain  normal, 

lost   bwome  congested.     The  finer  hnmchi  are  niore  fre- 

hv|vremic,  and  excess  of  mucus  coats  tlie  .-urface.  In 
lly  every  case  there  is  a  certain  di'gree  of  fibrinous  pleu- 
her  on  the  external  surface  of  the  pleura  or  lietweeu  the 
Extensive  pleurisy  is  rare  and  serous  exudation  is  un- 
I.  The  pleurisy  is  directly  attributaliK'  to  the  micro-orgjin- 
ch  has  caused  the  underlying  pneumonia. 
igh  tibrinous  pneumonia  is  freipjeutly  an  entirely  local  in- 
systemic  intoxication  is  usually  present,  and  g<'neral  infec- 
ly  furtluT  aid  to  develop  wiiK'spread  jKJthologic  changes. 
ytosis  is  present  in  the  great  majority  of  ciises ;  its  ab- 
i  generally  significant  of  unusually  intense  .systemic  in- 
on.  White  clots  are  often  di'tected  in  fatal  cases  in  the 
rs  of  the  heart  and  in  the  hirge  b!(M)d-vessels  leaving  ttie 
Cardiac  an<l  respiratory  embarrassment,  often  ascribed  to 
ical  causes,  such  as  heart-clot  or  extensive  consolidation,  is 
y  in  many  cases  due  to  the  aeiiou  upon  the  nervous  system 
oxins  of  the  disease.  Myocardial  degenerations  aid  in  pro- 
circnlatory  weakness.  The  lieart-inuscie  ami  the  kidneys 
(fer  parenchymatous  degeniT.ition,  as  in  other  felirile  infec- 
ind  acute  exudative  intliimiiiation  (myocarditis,  nejdiritis) 
cur  in  either  of  these  organs.  .Vlbuininuria  is  not  infre- 
ind  albtmioses  may  be  found  in  the  urine,  especially  during 
fte  of  resolution.  The  chlorids  of  the  urine  are  usually 
hetl.  The  spleen  is  enlarged  and  ."^ntt. 
icarditis  is  frt^nuent,  and  endoeanlitis.  either  of  the  simple 
le  malignant  type,  is  nior<'  <'onim(m  than  in  any  other  acute 
O, excepting  rheumatism.  Meningitis  is  occasionally  noted. 
rinoas  or  pseudomembranous  bronchitis,  laryngitis,  gastritis, 
ami  cystitis  are  sometimes  met  with.  Inflammations  of  the 
ind  absce.sses  in  various  org.nis  may  occur. 

isnal  Terminations. — S mdary  infection  with  pyogenic 

•rgiinisms  may  lead  to  termination  in  alK^cess;  or  this  result 
!  due  to  the  fact  that  the  pneumonia  was  primarily  caused 
icro-orgimisms.     The  affected  area  may  suffer  gangrene 
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evpii  more  coniiiictnly  than  suppuration.  Gangrene  is  e?.peoiaUT 
prone  tu  ncotir  wlieii  the  exudation  is  distinctly  hemorrhagic  and 
m  cases  in  wliieh  the  circulation  is  sjiecially  weak.  Finally  r<^>- 
lution  may  be  delayed  and  productive  changes  may  occur  in  the 
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Fio.  208— Indurmtiou  of  the  lung  4carnl8ratic>n)  ink  case  of  pneumonia  of  fire  »e(k! 
duration :  a,  new  cimntTllTe  tissut;  of  the  tcpta :  h,  Intra-alreolar  proliferation  of  coniiK- 
tive  tiaaue  :  r.  desquarauteil  eiJilhetlum  in  tlie  alveoli ;  e.  new  blood-vessels:  /,  lining tpl- 
tbellum  uf  itie  aiveull  iKaufnxinni. 

septa  and  even  within  tlie  alveoli.  There  results  a  solidification 
(caniificatiou)  of  the  lungs,  or,  as  it  is  termed, yJArow*  pneumonia 
(Fig.  2U8). 


Catarrhal  Bronchopneumonia. 

Definition. — Catarrhal  l>rouchop»eunionia,  or  lobular  piiwi- 
monin,  is  an  .tcutc  inHaniniatorv  aHectiou  of  the  pulmonary  tis^oe, 
occurring  in  localized  areas  and  consequent  upon  inflammation  of 
the  terminal  bronchioles.  In  most,  if  not  all,  cases  some  species 
of  bacterium  is  the  ininiediatc  cause.  Pathologically  the  <lisease 
is  characterized  by  iuHauiinatinn  of  tlic  terminal  bronchioles  .iml 
by  exudation  into  the  alveoli  of  albiiniinnus  liquid  containing 
desfjuaniatcd  epithelial  cells,  together  with  red  Idood-corpuscles 
and  leukocytes  in  varying  number ;  clinically,  the  disease  is  marked 
by  an  indefinite  and  irregular  course. 

Etiology. — Catarrlial    |ineunioiiia    may  be  produced  experi- 
mentally in  animals  by  causing  them  to  inhale  steam  or  various 
irritating  vajturs.     Still   nioi-e  characteristic  lesions  are  pnxiueed 
when  tlie  vapors  inhaled  hobl  decomjidsing  organic  matter  in  sus- 
pension.    The  siune  result  is  accomplished  by  cutting  the  vagiU 
nerves,  as  a  consef|uence  of  wliich  the  vocal  bands  and  esophagi 
are  paralyzed  and  irritating  secretions  and  particles  of  food  ai 
conveyed    into    the    lung   by  inspinition.      In    man    tumors 
largeinents    of    the    thyroid    glaiui,    or    inflammatory    e.\udati<ii 
mav  compress  the  vagi   and   lead  tci  forms  of  pneumonia  simili 
to  the  e.xperiraental  pneumonia  of  dogs.     Somewhat  analogonsi; 
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in  the  late  sta^res  of  various  diseases  particles  of  food  and  mucous 
secretioHS  may  sink  to  the  d<'[K'n(k'Ut  part.s  of  tlic  liinirs,  or  niav 
be  <lraxvn  in  l>y  the  iiispinitnrv  air  and  set  iij)  i-iitarrlial  [irn-ii- 
nionia  in  the  j>arts  aln>:i(ty  [iri'dispuscd  t<i  iiiHaiiHiiation  l>y  hy- 
jHistatie  eongestion  (lii/jiosiatif  jimiiiiioiiifij.  Of  the  siiiic  etio- 
logic  sort  are  the  eat;irrhal  pneumonias  vvhii'li  owur  iii  diphtlieria, 
epithelioma  of  the  larynx,  and  inrtainuKitory  conditions  of  the 
mouth  and  pharynx,  in  wtiieli  irritatiuj^  |>artic[es  arc  carried  to 
tije  finer  lironchi  by  iiis|>ir;ition  (iispirnlioii-jiiiriiiiinniu ;  tlir/lu- 
tidiin-pneumonin).  Catiirrhal  puiMinioiiia  of  this  i\iud  is  not  in- 
frciiuent  in  tlic  new-horn  as  a  result  of  vijjonms  insjiinitory  efforts 
tmiuc  while  the  head  is  descondiui;  thrtMi^li  tlie  vagina. 

Most  frequent,  however,  of  all  forms  of  catarrhal  broncho- 
pnennionia  is  that  which  o<;ours  in  the  coui-ae  of  measles,  whoo|)- 
ing-eoujih,  iuHncnai,  or  other  iufci'tious  fevers  attcndef!  witti 
bronchitis.  The  manner  of  involvement  of  tiic  alvr-olar  struettires 
will  presently  be  described  ;  for  tiic  present  it  niiiy  be  saitj  that 
the  inflammatory  process  extends  from  the  bnwichi  by  continuity 
aa<l  contiguity,  or  by  aspiration  of  irritatinf;  bronchial  secretions. 
The  imme<liate  cause  of  cattirrhiil  pneumonia  is,  in  tlie  majority 
of  eiLses,  some  liacterium.  The  most  frequent  is  the  Dipfoefx-eus 
pneumonia,  which  occurs  in  over  o(>  per  cent,  of  all  eases,  either 
alone  or  in  eoml)ination  with  the  Streptoem-eus  pyogenes,  slnphy- 
locoeei,  the  pneunioeweus  of  Friedliinder,  the  bacillus  of  iuHuenza 
or  of  typhoid  fever,  or  the  JJaciliiis  eoli  communis.  Any  of  the 
other  forms  uauK'd,  ami  especially  the  }>yogenie  micnvHM'ci,  mny 
cauw;  catarrhal  pneumonia  without  the  iliplocweus  of  Friinkcl  ; 
but  in  the  ease  of  fevers  (tyjjlioid  fever,  inflncnai)  in  which  the 
Bpecitic  micro-organisms  are  funnd,  there  is  usually  mixed  iidec- 
tion  witli  the  Diplococcus  pneumoniae. 

Patholog^ic  Anatomy. — The  lesions  vary  somewhat  in  dif- 
ferent cases,  and  we  nuiy  distiuguish  three  iinpnrtaut  types,  the 
simple,  or  ordinary  eatarrlujl  bronchopneumonia,  the  hyjmstatic 
form,  and  aspiration-|)ncutuoina, 

1.  Simple  Catarrhal  Bronchopneumonia. — The  lung  in  such  eases 
presents  more  or  less  distim-t  external  ai»jteanniees.  On  the 
pleural  surface  may  be  seen  lobular  areiis  of  dark-  or  tight-red  or 
grayish  color,  which  are  som<'wliat  elevated  nnd  harder  than  the 
normal  lung.  Surrounding  these  the  pnlmoiiarv  tissue  is  enipliy- 
.'M.'mat(.>us,  while  liere  ;iiul  there  may  be  seen  dark-red  or  lea<l-col- 
en'd  an<l  somewhat  dejtressed  an^as  of  pulmonary  eollajise  (atelee- 
ta.sis).     The  lung  as  a  wht»le  is  erc|»itant,  while  the  pneumonic  and 

l^telectatic  areas  are  consolidated  and  airless,  and  sink   in  water. 

Rhi  section  through  the  lungs  the  same  general  apiwaranees  are 
visible,  though  the  i-onsolidater!  patches  an-  most  abniulant  near 
the  surface.  IJoth  lungs  are,  as  a  rule,  involved,  and  any  jmrtion  is 
liable  to  the  disease.     The  smaller  ami  medium-sizeil  bronchi  and 
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thf  broiu'hioli's  contain  miicopunilcrit  sw.-rction,  which  maj  be 
SKjiifozwl  out ;  tl>f  iirwis  nf  pufiinionic  consolidation  are  smooth 
and  moist  on  tlie  siirtace  of  section,  or  exceptionally  somewbat 
granular  as  a  resnlt  of  adniixturf  of  some  tibrinf)ns  pneumonia. 
( Jncahioiially  tiicre  may  be  imnlonn  lif|ui<l  or  t^mall  purulent  col- 
lections armiuii  tlie  broncbinlc  in  the  center  of  the  lobule.  The 
area  nfi-ollapsc  (atelectasis)  is  dark-red,  as  a  rule,  and  on  pressure 
blowly  litjuid  exudes. 

In  the  ver>'  earliest  stages  of  the  disease  the  lobules  of  con- 
solidation aiul  collaps*;  may  be  iuHated  by  insertinjj  a  tube  into  the 
bnincliiis  su])plyii>>r  the  part  and  liy  lilowing  gently  into  it.  Later  J 
this  is  not  [MPssibk,  a,- tlie  coiisolidatioii  increjises.  At  the  same f 
time  it  is  noted  tliat  the  eous^ilidated  areas  l>ecome  lighter  in  ojinr, 
until  at  last  they  are  grayish-yellow  ;  while  the  areas  of  collajjse 
become  pnuunionie  antl  present  a  similar  change  of  color. 

Micnjscopically  the  tenninal  bmnehiolcs  and  alveolar  pa.'isigi'! 
present    somewhat    swollen   walls  and    contain   variable  oniouut; 
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Flo.  201).— CaUrrhttl  pneumoula  (Kari;  nnd  Schmorl). 

of  fluid  exudate  containing  desquamateil  cells.     In  the  areas  of 
consolidation  the  alveoli  and  the  air-sacs  are  tilled  with  liquid  aini 
variable  nimibers  of  epithelial  cells,  n-d  corpuscles,  and  leukocytic 
(Fig.  209).     The  epithelial  cells  are  <les<iuaiuated  from  the  lininj; 
membrane  either  singly  <ir  in  groups,  and  there  is  evidence  tlwt 
active  proliferation   is  taking  place  as  well.      In   most  eases  the! 
number  of  red  curpuscles  and  leukocytes  is  small,  but  iu  sonift) 
instances,  particularly  in  cases  in  which  streptococci  and  stjjphyl 
cocci  are  openitive,  the  exudation  may  be  quite  hemorrhagic  ol 
later  purulent.     The  alveolar  septa  regularly  present  considerablfl 
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roiintl-cell  infiltration,  and  the  blootl-vessela  are  surroundod  by 
eniigrateil  ifiikocytes.  Tlie  blood-vessels  in  the  septa  are  dis- 
teiidt'tl  and   tortuous. 

The  atolirtjitic  ai-eas  prosieut  ev«Mi  greater  congestion  of  the 
blood-vessels,  and  the  alveolar  cavities  are  oblitenitcd  by  the  col- 
lapse of  the  walls,  t»r  etjutain  at  most  a  little  hemorrhagic  exudate. 
The  epithelial  celts  tend  to  lose  their  characteristic  shape  and 
become  eiiboidal. 

As  resolution  advances,  tlie  cellular  exudate  becomes  lighter  in 
color  as  a  result  nt'  fatty  degeneration,  and  eventually  it  is  absorlted 
or  expectorated.  Coiucideutiy  the  round-<'ell  infiltratimi  distip- 
peiirs  from  tlie  septa,  and  the  pulniuiiary  tissue  returns  to  the 
normal,  excepting  that  the  epithelial  cells  of  the  alveoli  tend  to 
remain  mon!  or  less  cuboidal  for  a  time. 

Pathogenesis. — The  manner  of  development  of  the  lesions  is 
of  considerable  interest.  In  the  ordinary  eatarrtial  bronchopneu- 
monia now  under  discussion  there  is  always  a  primary  bnmehitig 
of  the  termin;d  broneliioles,  a  brniichiofitln,  or  ctipillari/  hfonehit'ui^ 
as  it  is  termwl.  This  ntay  be  spnrad  to  the  alveolar  structure  ia 
several  ways.  In  most  instajiees,  no  doubt,  the  iuHarnination 
tnivels  downward  along  the  lironehiules  to  their  termination  by 
continuity,  or  outwanl  through  their  walls  to  the  summnding 
alveoli  i»y  contiguity.  In  either  case  there  results  a  {Mitch  of 
catarrhal  pneumonia  surrounding  a  terminal  bronchiole.  Less 
commonly  the  affected  lobule  first  lict^omes  atelectatic  and  then 
pneumonic.  The  atelectasis  results  from  the  obstnietion  of  the 
[>ronehioles  by  mucus  t)r  by  thi,>ir  swollen  walls,  and  is  due  to 
the  gradiiid  absorption  of  the  air  eontaineil  within  the  alveoli  and 
the  inaltility  of  more  to  enter  {see  Atelectasis).  Suljsequently  the 
coUapscd  area  becomes  inflamed  by  the  eiitr.mc<i  of  micro-organisms 
from  the  bronchioles  or  i)y  extension  of  surrounding  inHamniation. 

Unusual  Characters. — Markcil  variations  are  seen  in  the  nature 
of  the  process  and  in  its  distribution.  In  some  instances  there  is 
but  little  pneumonic  consolidatiun,  while  the  bronchiolitis,  or  capil- 
lary l)ronchitis,  is  a  striking  feature.  In  other  <'ases  the  exudate  is 
decidedly  hemorrhagic  or  purulent,  and  it  may  in  certain  areas  be 
quite  fibrinous.  RegJirding  the  distribution,  the  most  striking 
variation  is  the  tendency  in  some  cases  to  lobar  involvement  by 
confluence  of  the  lobular  ar<>as  { pmwloMtar  funii). 

Associated  Lesions. — The  constant  ass(K'iation  of  bn>uehiti3 
has  been  sufficiently  not<'d.  Pleurisy  is  less  common  than  in 
fibrinous  pneutnonia,  but  the  patches  near  the  surface  are  frerjucntly 
covered  with  fresh  plenrxl  exudation.  It  has  long  been  recognized 
that  jmrulent  pleurisy  is  more  apt  to  occur  after  pneumonia  in 
children  than  in  adults,  and  iu  many  of  these  cases  tlie  antecedent 
jncumonia  is  catarrhal.  Widespread  toxic  and  infective  lesions 
\y  occur,  aa  in  fibrinous  pneumonia. 
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Unusual  Terminations. — In  rases  in  which  micrcxirgani 
more  virulfiit  than  n.sual,  caiisi'  the  pneumonia,  .supjMiration 
gsingreuc  may  resiiU.  Fetid  and  pnltaceoiis  f'oei,  fir  ]>iirulint 
eolleetiun.s  surruimdcd  l>y  eonsi(k'nil)le  areas  of  congestion  rniil 
inflatiiniatory  edi-nia,  n'siilt.  In  other  in.stanees  the  priM-es,-  of 
resohition  is  slow,  aiirl  tiliroid  over^rowtli  of  the  .'K'pta  and  pro- 
liferation of  eoniiective  tissue  within  the  alveoli  eu^ne,  with  the 
pnjdiirtittn  of  more  or  less  extensive  sclerotic  hardeiiinj^  and  niiH 
traction  of  tlie  Innjr-strueture.  Within  such  areas  the  alve<ilar 
exudate  may  lie  ior  a  long  time  as  a  fatty  ma.-'s ;  bnt  this  is  verr 
unusual  ;  and  true  caseation,  of  which  so  tnueh  was  formerly  «iiil, 
does  not  occur.  The  instances  in  which  this  was  supj>os»'<l  to  _ 
have  occurred  were  cases  of  subsequent  infection  with  tal>orcle-fl 
bacilli,  or  cases  id'  tnbercidous  pneumonia  ah  initio. 

2.  Hypostatic  Pneumonia. — Tfic  basis  and  |>ostcrior  j>ortions  of 
the  Innjjs  are  commonly  involved  in  these  eases.  The  prmtw 
oi'curs  as  a  terminal  atl'eelion  in  many  iiis<'ases.  It  begins  as  an 
intense  iiy|tostatic  congestion  an<l  hemorrhagic  e«lema  of  the  d<v 
pi-ndent  jwnts  of  the  lungs.  Subs<'quently  tlie  irritants  which 
make  their  way  to  the  congested  area  through  tlie  bronchi  set  np 
a  form  tif  inflammation  of  the  terminal  bronchioles  and  air-vesicl« 
wliich  is  largely  citarrlia!,  liut  more  fibrinous  than  ordinary  limii- 
chojjneunioiiia.  The  inllanunatory  jjnx'css  is  als^o  more  difiW, 
and  is  at  the  most  in>ignitieant  compared  with  the  antiH-'edent  and 
as-sociated  congestion  and  edema. 

8.  Aspiration- pneumonia. — Of  the  dust  wliich  we  constantly  in- 
hale, the  greatest  part  is  arrested  in  the  U]>per  air-passjiges  or  in 
the  InrgiT  broDchi,  and  is  expeetor!ite<l.  A  part.  Imwcver,  rmcltes 
the  Hncr  bronclii  ami  bronchioles,  and  sets  uj)  a  certain  amtiunt  of 
local  irritation  and  eniigestion,  with  dcsijuamation  of  epithplial 
cells  and  emigmtion  of  leukocytes.  Onlinarily  these  proce*>'^*  iiff 
exceedingly  trivial  and  can  rjirely  be  demonstrated.  In  yiersons 
however,  whose  occupations  (*-.  ff.,  steel-grinding,  coal-mining, 
niiirblc-etitting,  etc.)  subject  them  to  excessive  dust-inhalation  the 
pulmonary  changes  are  extensive  and  severe.  This  is  one  fimu 
of  aspinitioii-broueliopncumonia,  but  the  irritation  nirelv  stops  at 
the  jHiint  of  catarrhal  iiiHanimation  ;  on  the  contrary,  the  irritant 
particles  iwMietnite  the  walls  of  the  bninchioles  and  are  distrihnte<l 
by  the  lym|»hatics,  causing  fibn>id  ehangt's  of  greater  or  le*s 
extent.  The  put'unnniia  thus  produced  is  therefore  more  properlr 
eimsideretl  as  a  form  ot'  tibrims  pneumonia  ((j.  v.). 

In  the  course  of  various  atfectionB  of  the   |>hunknx,  larynx,^ 
trachea,  and  bmnchi.  as  wvW  as  in  ca.ses  in  which   through  \<a.\ff\ 
of  the  !nr\nx,  or  througli  genend  depression,  particles  of  food  or] 
secretions  of  the  month  enter  the  air-jKissages,  irritating  matter 
may  be  inspired  or  "aspinittnl"  into  the  liner  divisions  of  tin 
bronchial   system.     There   results   intense   local    irritation, 
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catarrlLHl  inflammation  ami  consolitlatiiin.  The  exudate  is  largely 
epitliflial,  Imt  tn«>rr  iA\vn  serous,  licinorrlisifiic,  or  iHinilciit  than  in 
simple  catarrhal  pnuiiinuiiia.  The  cuiiditiitn  may  hv  circiitnsicriltcd 
to  small  patches,  but  if  large  particles  are  aspirated  and  the  larger 
bronchial  tubes  are  obstructed,  witlespreatl  eimsulidation,  of  the 
character  described,  results.  The  inttamniatory  process  in  tliese 
cases  of  aspiration-pneumonia  are  habitually  intense,  and  often 
terminate  in  suppumtion  or  necrosis,  with  cunniiierable  surround- 
mg  hyperemia  and  edema. 

^m  Cheesy  or  Tuberculous  Pneumonia. 

Definition. — Cheesy  or  tuberculous  pneumonia  is  an  acute  or 
Bubaeute  form  of  pneumonia  euuscd  by  the  ttdierele-liaeillus,  and 
iuvolvinir  lobular  areas  or,  by  eontlufnec  of  such,  an  entire  lobe  or 
lung.  Pathr>logieally  it  is  characterized  by  proliferation  and  iles- 
qiiamation  of  epithelial  cells,  infiltration  of  the  alveolar  septa, 
and  finally  by  cheesy  necrosis  of  the  area  of  disease.  Cliuically 
tlie  disease  presents  itself  as  a  more  or  less  acute  pneumonic 
tuberculosis.  Caseous  nneurnouia  is  frequently  a-ssociated  with 
miliary  or  peribronchial  tulvercles,  atfectiug  the  alveoli  adjaeent 
to  the  tubercles. 

■  Etiology. — Cheesy  pneumonia  as  an  independent  condition  is 
more  common  in  children  than  in  adults.  The  immediate  cause  is 
the  tultende-bacillus.  Infection  occurs  by  rupture  of  a  tubercu- 
lous gland  or  cavity  into  oue  of  the  bronchi  and  dissemination 
of  the  infective  material  throughout  the  lung.  Likewise,  bacilli 
may  be  inhaled  from  outside,  or  from  tuberculous  foci  in  the  bronchi, 

•  larynx,  or  nose.  In  eases  of  disseminated  tuberculosis  of  tlie  lungs 
areas  of  caseous  pneumonia  are  habitually  encountered  in  the  pul- 
monarj-  structure  between  the  tubercles.  Finally,  infectifiu  may 
take  place  through  the  blood,  but  tFie  occurrence  of  caseous  pneu- 
monia rather  than  miliary  tuberculosis  in  such  cases  is  assuredly 
rare. 
^t  Mixed  infectittn  witli  Diplococci  pneumonifc  is  not  infrequent, 
"but  it  is  not,  as  some  investigators  have  maintained,  essential  to 
the  di.sease. 

Pathologic  Anatomy. — In  its  most  typical  fiirm  caseous 
pneumonia  is  a  lobular  process  beginning  around  the  terminal 
en<Ls  of  the  bri>ncliii>Ies,  where  the  infective  material  hiilgi^s.     The 

■lung  presents  on  section  areas  of  consolidation  not  unlike  those 
Been  in  catarrhal  l)rouchoj>neumonia.  At  first  these  are  congested 
and  retl  in  color,  Init  very  sntm  <leg<'nerative  changes  cause  a 
grayish  or  yellowish  color.  The  surface  of  section  is  usually 
jraooth,  but  often  somewhtit  granular  from  associated  fibrinous 
exudation.  When  abutidaut  irifectiou  has  tx-curred  the  areas  may 
(be  tliickly  set,  aud  a  lobar  form  is  thus  established  (Plate  6);  or 
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there  may  he  a  gradual  involvement  of  new  areas,  receiving  ibeir 
infection  from  tliose  tirat  formed,  causing  a  similar,  but  less  uni-  j 
form,  lobar  pneumonia. 

Caseous  pneumonia  shows  no  tendency  to  resolution,  but,  on ' 
the  contrary,  tends  to  progressive  cheesy  degeneration,  and  at  lait 
to  the  formation  of  cavities.  The  entire  lung  may  be  riddled  with 
small  excavation.s,  })resenting  ragged,  cheesy  walls.  Usually  the 
cavities  are  small,  even  though  there  be  few  ;  exceptionally,  larp; 
ones  are  seen.  Though  resolution  does  not  occur,  limited  areas 
may  be  healed  by  reactive  fibrous  overgro\vth  springing  from  the 
alveolar  septa  and  encapsulating  the  diseased  area,  or  penetrating 
it,  and  transforming  the  whole  into  a  fibrous  mass. 

Microscopically  the  exudation  has  many  of  the  characters  seen 
in  catarrhal  bronchopneumonia.     Essentially  the  exudate  is  cellu- 
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Fio.  210.— FerlbrODCbUI  tubercle  of  the  liins  sad  caseous  puetunoola  of  the  ■djueot 

■iTeoli. 

lar,  and  is  principally  composed  of  large  epithelial  cells.     These  ^ 
are  the  desquamated  and  proliferated  lining-cells  of  the  alveoli.    A 
smaller  number  of  red  blood-corpuscles  and  leuko<;ytes  is  noted, 
but  they  are  unessential.     Sometimes  a  fibrinous   network   may 
be  seen  in  the  alveoli,  but  quite  as  often  this  is  wholly  wanting.^ 
The  blood-vessels  are  engorged  at  first,  and  the  septa  are  infiltratedfl 
with   round   cells  and   spindle-cells.     The  walls  of  the  blood- 
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vessels  themselves  may  be  thiokencd  In-  prnliffration  of  the  con- 
nective tissue.  As  the  process  advances,  the  eeUiilar  exudate  and 
the  alveolar  walls  as  well  undergo  cheesy  degeneration,  imd  pre- 
sent a  granular  a])peanince  under  the  niieroscope  (Fig,  210). 

Associated  I^esions. — Case's  of  typical  caseous  pneumonia, 
as  alK)ve  described,  are  rare ;  as  a  rule,  more  speeiKe  tubercular 
lesions  (tubercles)  are  associated.  These  may  result  subse(|uent  to 
the  pneumonic  pirocess  from  the  penetratiun  of  infeelive  material 
into  the  lymphatics  and  its  dissemination  along  these  channels  ; 
or  the  specific  tubercles  may  antedate  the  asso<^iat«l  caMMUis  pneu- 
monia. The  smaller  bronchi  are  eonini<uvly  attacked  in  a.<sociat!on 
with  caseous  pneumonia,  and  tuljercular  bronchitis  and  peribron- 
chitis tending  to  clieesy  chang<>  residt.  The  pleura  n»ay  b<'  cov- 
ered with  inflammatory  exudation,  or  may  pri'sent  miliary  tubercles 
over  tiie  area  of  disea.se.  Assnciuted  pleural  involvement  is  espe- 
cially common  between  the  lolies.  Tiie  lymphatic  glands  of  the 
anterior  mediastinum  and  amund  tlie  brouehi  are  frequently  en- 
larged, and  may  be  cheesy  in  the  later  stages. 


^  Fibrous  Pneumonia. 

Definition. — Fibrous,  or  pn«luctive,  pneumonia  is  a  chronic 

{>rocess  resulting  from  continued  irritation,  and  involving  small  or 
arge  areas  of  the  pulmunary  structure.  Pathologically  it  is 
characterized  by  overgrowth  of  cfinnective  tissue,  an<l  cliuieidly  it 
is  marked  by  signs  of  more  or  less  extensive  mechanical  impair- 
ment of  the  pidmonary  fimctioiis. 

Classification. — Several  quite  distinct  forms,  depending  ui>on 
different   mixles  of  causiJtirvn.   may  be  described.     The  jirincipal 
varieties  an?:  (1)  the  pneumonokonioses,  or  fibrous  pneumonias, 
due  to  dust-inhalatiim  ;  (2)  the  seeimrlary  indunitive  jvneummiias, 
such   as   sometimes    ftillow  criHiprnis,   catarrhal,  t>r  cn-ie<iiis   juteu- 
monia,  or   more    fVeipieutlv  i-hrnnie    <'i»ngestiHn  of  the    lungs  or 
atelectasis;   (.'i)    pieurogcuetic    fibrous    pneumonia,   in  which    the 
process   arises  by  extension  of  chronic   pleural    disease ;  and  (4) 
peribronchial  and  perivascular  fibrous  jmeunionia,  in   which   the 
process  follows  the  bronchi  and  pulmttuary  arteries. 
L      1.  Pneumonokoniosis. — Of  the  dust  we  coustnutly  inhale,  but 
M  small   part    reachi's   the  finer  divisions  of  the  Itmui'liial    tree. 
Most  of  it  adheres  to  the  walls  of  the  upper  ri'SitirjiturA'  tniet  and 
-js  discharged  with  the  sptita,  either  free  or  enclosed  in  leukocytes 
1^  epithelial  cells  {ihiHt-rrlln ;  nfnufize/loi}.      When    fine   particles 
reach  the  terminal  broneliioh's  th(>y  oeeasiini  catarrhal  inflamma- 
tion, marke<l  by  prolif'iTition  of  tiie  e]vitheliuni  .Mnd  exudation  of 
leukocytes.     These  o-ll*  may  envchip  the  irritant   particles  and 
remove  them    through    the  ex]H'ctoration.     AVhcii,   liowever,  the 
dost  has  sharp  edges  (as  in  coiil-<lust,  iron-dust,  marble-«lust,  etc.), 
nd  especially  when  the  quantity  inhaled  is  considerable,  removal 
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bv  ♦?xpeetoration  becomes  more  difficult.    In  such  cases  the  foreigol 
particles  pciu'trjte  the  walls  of  the  brouchioles  and  alveoli,  pa^ring-l 
between  tiie  ('iiithelinl  cells.     They  may  be  an'ested  in  the  alveolar 
septa  and  in  the  tissue  surroiindinfj  the  bronchioles  by  the  for- 
mation of  A   zone  of  intlaniiuatory   exudation,   which   eventiiaii_TJ 
orfpinizes,  forming  :i  fibrous  capsule.     Some  of  the  particles,  hoff-J 
ever,  move  alunj;  the   lymph-spaces   into  the  lyni|ihatic  vessel*,! 
beinj;  carried  by  leukocytes  or  floating  free  in  the  liquid.     The 
particles  may  lie  arrested  at  various  jxiints  along  the  lymphatii-s^l 
anil  iHJiy  cn'casion  fibrous  thickening  of  the  vessels  or  of  the  peri- 
lyniplmtic   tissue.     The  greater  portion,   however,  passe^;  to  the 
lymjilKitie  glands  at  the  root  of  the    limg  and  surn)undiDg  the 
bronchi,  and   indurative  enlargement  of  these  structures  results.1 
In  exccjitional   instances  the  irritant   particles  may  be  conveyrdl 
still  furtlier,  being  deposited  in  the  glands  about  the  smaller  eiirvii- 1 
ture  of  the  stomach   and    beneath   the   fissure  of  the  liver.     Thi> 
lumsual  distribution  in  a  direction  opposite  the  usual   lynipliatic 
current  is   explained   by  the   a.ssumption   that  obstruction  of  tin- 
larger  pulmonary   lymphatics  causes  a  reverssil    of  the   cnrrent. 
Metastatic   distribution   of    dust-particles   may   also    be  due  to 
rupture  of  one  of  the  affected  lymphatic  glands  into  a  vein. 

Pathologic  Anatomy. — The  aj>|)i'nrance  of  the  lung  varies  with 
the  amount  of  dust  inhaled  anil  with  its  nature.  In  cases  of 
nio<lerat('  degree  small  areas  of  iibnnis  thickening,  with  puckering, 
are  the  only  abnormality.  On  section  these  are  found  to  be  ban! 
and  of  grayish  color  ;  often,  however,  darkly  pigmented,  oMineto 
the  character  of  the  particles  inhaled  as  well  as  on  account  of  the 
formation  of  hemorrhagic  pigmentation.  The  fibrous  tis.«ue  niav 
be  arranged  in  a  stellate  fashion,  or  concentrically  around  a  nucleus 
of  foreign  matter.  Secondary  changes  are  not  uncommon  ;  calci- 
fication is  frequently  observed,  and  true  bone-formation  is  occa- 
eionatly  noted.  Such  area.s  of  localized  pneumonokonioeis  are 
very  commonly  met  with  near  the  apices. 

More  extensive  induration  is  rare,  and  is  rather  more  frequent  ( 
at    the    ba.ses.      Large    areas  of    induration    may  completely  dr- ' 
St roy  the  vesicular  character  of  the  lung-structure.     Firm  hanil*  j 
of  connective  tissue  may  follow  the  bronchi  and  radiate  intotliej 
|>eriphcrid  jmrtions  of  the  Iimg.  or  thickened  tmbeculw  may  pass 
from   the   ]i|('in-al   surface  towaril   the  anterior,  or,  agiiin.  a  luori' 
uniform  sclerosis  may  exist   throughout  the  organ.      The  organ  is ■ 
contracted  ;  the  pleura,  as  a  rule,  is  lliiekenetl  and  drawn  inwanJij 
and  the  bronchi  m.^y  be  widely  dilated  as  a  result  of  the  traction 
of  the  contracting  connective  tissue  and  as  a  c<msequence  of  accumn 
Inting  secretions  within.     Extensive  adhesions  to  the  chcst-wal! 
often  cause  deformities  of  the  chest,  and  the  pericardium,  hoar 
and  other  mediastinal  structures  mav  be  drawn  from  their  norma 
positions. 
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In  rare  cases  the  epithelium  of  the  alveoli  and  fiiicT  hronchioles 

:»litenite?i,  and  later  undiT^'ots  a  eertaiii  anmiint  of  tatty  dejjen- 

eration,  giving  risf  to  :ui  a|)})c;(raiice  nfit  unlike  oascation.     In  still 

other  eases  necrosis  and  suppuration  and  eavities  (non-tubereuiar) 

are  ohserve«l. 

Microm-ojjicaHif. — In  the  lieginning  ritagcs  ronnd-cell  inliltnitiou 
and  connective-tissue  pn)lif'erati)in  may  ]»•  seen  around  the  foreign 
jiartieles  in  the  septa,  and  a  certain  atnotuit  of  catarrhal  intlani- 
matioii  mav  lie  presi-nt  in  the  alveoli.  Sharp-edged  particles  oftini 
iM-casion  small  hetuorrhages.  In  the  later  stages  dense  scierutic 
tissue  characterizes  the  process,  Prolii'ciiitive  iiiHammation  of  the 
epithelium  of  the  alveoli  may  lie  present,  hut  more  often  the  cells 
un<lergo  atn>phy  and  disnpf»car. 

Varieties. — ('crtain  varieties,  dependent  upon  the  kind  ofdnst 
inhaled,  have  IjetMi  dcscrilicd.  Thi'  term  nullirftrtjtdx  is  applied  to 
those  instances  in  which  <'cKil-tlust  is  tiie  irritant.  To  a  nutdenite 
extent  this  is  seen  at  every  auto]>sy  on  perxms  uf  adult  age,  liut 
the  cases  in  which  conspicuous  sclerosis  has  occurred  frotu  tliis 
transe  are  met  with  only  in  c()al-nrmers  ami  others  of  .similar  occu- 
pation. The  liHig  is  of  a  marl)h'-likeor  slate-like  appeamnce,  and 
the  lynipliatic  glands  around  the  bronchi  are  intensely  pigmented. 
SiiltToti{j<  is  the  ilesignation  of  the  cases  of  pneunionokoniusis  due 
to  in;)n-<hist,  ;is  s<>en  in  grinders,  f  lunders,  etc.  Cliti/ifosis  is  the 
term  applied  to  the  form  due  to  stoue-dust,  as  seen  in  potters, 
marble-cutters,  etc. 

The  variety  of  pigment  may  be  distinguished  by  microchemical 
eactions. 

2.  Secondary  fibrous  pneumonia  sf)metimes  occurs  after  crotip- 
ou.s  or  catarrhal  pireiuiionia,  or  atelectasis,  and  in  these  cases 
ap|K'ars  in  the  form  of  uniform  or  localized  indumtion  of  the  pul- 
monary .structure.  It  is  due  to  reactive  inflammation  of  the  septa, 
causing  thickening  of  the  latter,  as  well  as  proliferation  within  the 
alveolar  exudate.  Similar  rtiactive  fibrous  cliauge  is  seen  in  some 
ca.ses  <»f  caseous  pneinnonia,  and  in  rhnuiic  phthisis  the  cavities 
are  ([uite  generally  walled  by  fibrous  tissue.  Finally,  chronic 
congestion  of  the  lung,  such  as  occurs  in  valvular  diseases  of  the 
heart,  particidarly  mitral  disease,  fn-fjuently  leads  lo  diffuse 
eclcrosis  of  the  lung.  Such  ca.scs  are  <lis(inguished  by  dilatation 
of  the  veins  ami  by  hemorrhagic  |>igmentation. 
^L  li.  Pleurogenic  fibrous  pueumonia  is  an  oecasionid  <'onsequen<'e 
^Kof  chronic  pleurisy.  The  lung  presents  on  seetion  dense  tra- 
beculre  of   fibrous  tissue,  which  extend  from  the  thickened   and 

Eclerotic  pleuni  deep  into  the  pulmonary  structure  (Fig.  211). 
4.  Peribronchial  and  perivascular  fibrous  pneumonia  may  be 
seKX-iated  with  the  jdeurogenii'  form,  (vr  the  overgrowth  of  con- 
t?ctive  tissue  around  the  bronchi  and  vessels  iiuiy  start  at  the 
ivHit  of  the  lung  and  extend  toward  the  periphery.  The  hitt<'r 
form  has  been  described  by  s(»me  observers  as  especially  liable  to 
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result  from  syphilis.     More  m<xlerate  peribronchial  and  porivas- ' 
ciilar  fibrous  pneunionia  (k-cufs  in  association  with  other  forms,  at 
the  pnfuniunokonifjsos  iiud  secondary  fibrous  pneumonias,  but  in 
these  cases  it  is  but  a  minor  part  of  the  process. 


Fia.  211.— Fibrous  pneumonia  gccomlary  to  chronic  pleurisy  (KauAnnnn). 

Congenital  Syphilitic  Fnenmonia. — A  form  of  prodvctiw  pntiimmut, 
as  distinguished  Inmi  til>roux  iineuimiiiiii  in  the  strict  sense  that  the  Intler 
ia  characterized  by  tbriiiation  of  sclerotic  fiiirous  tifsue.  i.s  met  with  in  c<iii- 
genital  syphilis.  This  is  the  pnrumonia  nlba  of  some  writers.  It  is  charno- 
terized  by  great  proliferation  of  round  and  irregular  connective-tiscue  cflK 
with  mor«  nr  lo-s.-*  nuiUiplication  and  degeneration  o(  epithelial  cells  in  Ihf 
alveoli  and  hronchicde.s.  The  lung  is  solid,  airless,  and  white  in  color. 
Gumniata  may  be  associated. 


Purulent  Pneumonia. 

Definition. — Punilciit  pncinnonia  is  an  acute  form  of  pneo- 
moiiia  <';uis('il   hy  pyoironif  micro-orjr-inism.s.     rntholopicnlly  it  is 
characterized  by  piinilent  mid  licmorrhapic  exudation  in  the  con- 
nective tissue,  lymphatic   channels,  or  terminal   bronchioles  ai«l  i 
alveoli ;  and  clinically  it  is  marked  by  evidences  of  intense  septic | 
infi'cHnn  as  well  as  of  trrcat  ]>uIiiionarv  embarra.ssment. 

The  iiill>cti<>n  in  j>iirii!('nt  jmeuinonia  may  reach  the  lun|;9| 
thn>uji;h  till'  brHUchi  (ItrniicliDjiciiic),  thf  bliKKl-vessels  (beniativj 
gcnic),  or  the  siibitlciind  lymphatics  (pleurogenic  or  lymi>hogenic).j 

Bronchogenic   purulent  pneumonia   has  idready  lieen    rt;ferredi 
to  in  till'  di'SiTi|)tioii  of  fibrinous  pneuitionia  and  catarrhal  broii-| 
chi)])riciiriii>riiii.      It  is  partinilarly  fri'(|Ui'iit  in  tlie  latter,  in  some' 
cases  of  which  coiisidiniblc  piindeiit  exudation  may  be  seen  in 
the  alveoli  or,  in  the  form  of  small  purulent  collections,  in  the 
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intervesicular  septa.  These  are  instances  of  intense  infection,  and 
the  majority  of  such  cases  are  iltie  to  the  Strepttjcoeeus  pyogenes 
or  to  staphyloe«!ci.  The  pneiimoeoecus  may,  liovvever,  be  i'oiind 
aloDC.  The  most  decided  purulent  bn)nchopucunu(nia  is  seen  in 
instances  of  aspinition-pneuruonia  seu(»ndary  to  a  suppurative  j>roe- 
ess  in  the  upper  respiratory  passjiges,  in  whii'h  particles  of  infec- 
tive material  arc  inspired  and  loiige  in  tlie  broncliioles. 

Purulent  pneumonia  is  rarely  met  in  the  course  of  fibrinous 
pneumonia,  but  sometimes  oc<;urs  as  a  terminal  condition.  Al»- 
scesses  of  consider:d)le  size  may  be  formed. 

Hematogenic  purulent  pneumonia  is  secoudary  to  suppurative 
or  ^Mngrenous  pnjcesses  in  other  parts  of  the  Iwdy,  and  is  a 
manifestation  of  pyemic  infection.  It  is  frequent  in  puerperal 
septicemia,  in  suppurative  oste<>myelitis,  and  like  conditions. 
The  micro-organisms  are  carried  by  tlie  veins  to  the  rigiit  heart, 
and  may  first  set  up  malignant  endocarditis,  from  which  embolism 
takes  place,  or  they  mav  pass  directly  through  the  right  heart  to 
the  lungs.  .A.s  a  rule  the  micro-organisms  in  question  are  either 
streptococci  or  staphylococci ;  but  in  certain  specific  infectiona 
(as  typhoid  fever)  the  specific  organisms  may  aloue  occasiou  juiru- 
lent  pneumonia. 

When  large  embolic  masses  reach  the  hings  occlusion  of  larger 
branches  of  the  pidmonary  arter\-  occurs  ami  hemorrhagic  infarcts 
are  forme<l.  In  the  earliei^t  stages  these  apfjear  as  more  or  less 
well-circum.-3cribed  areas  of  hemorrhagic  intiltration  of  dark-red 
color.  Very  soon  change  of  color  occurs,  and  the  foci  alter  to  a 
grayish,  then  a  yellowish,  color,  and  Hnally  liquefy,  forming  sup- 
purative cavities,  witli  irregular  walls.  The  lesion  at  this  stage  con- 
frtitutes  what  clinicians  describe  as  iibncfun  of  (hr  lunf/,  and  though 
Buch  abscesses  may  result  from  fibrinous  pneumonia  or  other  con- 
<litions.  the  most  frequent  variety  is  that  tnliowing  embolism  or 
thrond)osis  of  the  jMilnuuiary  artery.  The  tissue  aroinid  the  abscess 
is  intenselv  engorged  and  edematous,  and  not  rarely  quite  hemor- 
rhagic. Microsetipically.  it  pn'sents  the  appcanmccs  of  a  catarrhal 
and  hemorrhagic  pncumcmia.  The  abscesses  fn'i|Ucntly  break  into 
tlie  bronclii  anil  •liscliarge  their  contents;  nu>re  i-arcly  rupture  into 
the  plural  sacs  occurs.  The  pleura  it.self  is  intensely  inflamed  over 
the  embolic  areas,  and,  as  a  rule,  is  covered  with  fibrino-purident 
exudate.     E.xtensive  pnrident  pleurisy  U-uipiinmi)  may  occur. 

When  the  micro-organisms  reach  the  lung  in  a  more  dissemi- 
natei]  manner  they  pass  at  once  to  the  smaller  arterioles  and  eaj>il- 
laries.  Embolic  infarcts  are  wanting  in  sut-li  cases,  but  there  is 
diffuse  serous,  hemorrhagic,  calarrlial,  and  ])urnlent  exudation, 
which  causes  consolidation  of  a  somewhat  gelatinous  character. 
Small  foci  of  suppuration  (miliary  abscesses)  nu»y  be  seen,  and  the 

fmrulent  process  may  visibly  e.^teud  to  neighixiring  parts  of  the 
ung  along  the  lymphatic  vessels. 

Tenninations. — In  cither  of  the  above  forms,  the  localized 
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en)l)olio  or  tho  diffuse  necrosis  or  gangronc  of  the  ptilnioimn'  tisrw 
ruiiy  occur.  Ocwjsionally  recoven-  takes  place  by  al>soq>tioii  of  tii? 
purulent  cxuilate  r>r  by  its  discharjie.    As  a  niie,  tlie  disease  is  laul. 

Pleurogenic  purulent  pneumonia  follows  intense  pleurisy,  u^n- 
ally  of  [Hirulctit  type.      Int'cctioii  of   the  subplcural   lytiijiluitirj 
first  ensues,  autl  later  the  puruleut  process  extends  into  tlit  lung 
witliin  tuid  around  these  vess«'l.s  (  }jnrnleiit  li/mphaiif/iliji  and  i<m- 
lyiii/tliaiic/ilis),  in   the  form   of  yellowish  streaks  or  band<,  v» 
surround  the  veins  :iud  bronchi  and  follow  the  interlobular  til.: 
tissue  in  various  directions.     The  lobules  of  the  lung  may  In   ■'• 
pu.shcil  apart  lliut  the  terfii  pnrinnoiiia  <ffMircaiiM  is  quite  appii' 
Ilic  [tropiT  substance  of  the  lung  adjoining  the  |)aths  of  piii 
invasion,  jiiid  under  the  pleura,  frequently  shows  the  same  tbrni  of 
lietiiorrhagic  and   purulent    pneumonia   as  occurs   in   the  did'u^ 
hematogenic  ibrra. 

Associated  LeBions. — Widespread  pyemic  and  toxic  lesiou 
are  often  ibiiiRl  in  a.ss<x'iation  with  purulent  pneumonia,  but  th«r 
are  ofteu  merely  coincident  results  of  tile  same  primary  di.-ea* 
to  whii'li  tile  pneiiniuni;\  owed  its  origin,  rather  than  the  con.*- 
qiiences  of  the  purulent  pneumonia  it.self.  Seeondarj'  infections 
may,  however,  occur,  such  as  malignant  endo<'arditis  of  the  leil 
side  of  the  heart,  septic  nephritis,  and  the  like. 


aANQRENB. 

Gangrt  ne  of  the  lung  results  from  the  action  of  pntrefiurtive 
jaioro-organisms  in  necrotic  areas  of  the  lung-tissue.  It  may  lie 
the  consequence  of  direct  extension  of  carious  conditions  of  ilie 
ribs  or  other  adjacent  bony  stnictnres  through  the  pleura  into  ik 
lung,  or  of  the  extension  of  neei-otic  process<'s  from  ulcers  orciD- 
cerous  disease  of  the  esophagus  or  stomach.  In  other  i-ases  th« 
infective  materials  reach  the  lung  tliioiigli  the  inspix-ed  air,  roniins: 
from  ulcerative  processes  in  the  tijiper  air-passages,  or  frotn  «iih- 
oiit.  When  foreign  bodies  l<Klge  in  the  bronchi,  or  the  latter  »rr 
obstniet4>d  by  the  pressure  of  tumors  or  aneurysms,  there  may  bf, 
first,  more  or  less  congestion  and  pneunifmic  consolidation,  Ibllovu'd 
by  .secomlary  infection  and  gjingrene.  In  still  other  instances  tiif 
infective  material  reaches  the  lung  through  the  blood,  and.  tinaily, 
gangrene  is  sometimes  a  terminal  pro<n'S8  in  pneumonia,  tubercu- 
losis, and  hemon-hagic  infarction  of  the  lungs.  Certain  general 
conditions  predispose  more  or  less  to  it.  Thus  in  diabetic  iwij- 
viditals  congestions  or  pneumonia  are  prone  to  terminate  in  tbi» 
wav,  and  engorgement  of  the  veins  or  pa.ssive  hyperemia  ahvay* 
renders  (he  lung  more  liable. 

Pathologic  Anatomy. — Gangrene  may  appear  as  a  circum- 
scribed  or  diffuse  process.  In  the  former  instances  more  or  less 
extensive  areas  of  lung  present  a  dark,  reddish,  brownish,  or  even 
greenish  appearance,  and  are  surroimdcd  by  a  zone  of  intense  con- 
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^tion  or  of  pneumonic  consoliilution,  often  of  purulent  or  liemor- 
rhagic  type.  Tin'  diseased  jmrt  is  soft,  pultaci'ims,  and  fiuit  in 
xlor.  Later  it  may  hrcak  down  inio  a  putrid  mass,  and  may  dis- 
shargp  throiij^h  tlic  liroiu'liial  tiilics,  sfvtTf  pulmonary  lioniftrrha<i;L>s 
ometinia*  oci'urring  at  the  sniio  tinii'.  Tlx'  Itroiidii  aiui  the 
jlocxl-vessfii!  often  eseape  tJie  proeess,  and  may  pass  tliroti^li  the 
;angrenoiis  area  without  being  themselves  matvrially  affeeted ; 
»ut  usually  the  bronchi  are  penetrated,  and  tlie  bluod-vessels,  after 
hey  become  oeelnded  by  thrombosis,  suffer  tiie  fate  of  the  other 
issues.  The  process  may  extend  widely  Jrom  a  sinj^le  Ibens,  or 
■eactive  inflammation  may  establish  a  fibrous  eapsule,  and  after 
lischar^e  of  the  pingrenoiis  material  thruuf^h  ihe  bronchi,  healing 
>y  the  formation  of  a  scar  may  terminate  the  dise'ase. 

Diffuse  pingrene  does  not  difler  mueh  in  its  general  appear- 
inces,  but  is  less  intens*^  and  in  general  more  widespread.  The 
iffectcd  area  is  of  a  darU-red  or  green  ish-blaek  eolor,  soft,  and  edem- 
itous,  or  sometimes  dry,  and  has  a  somewhat  fetid  mlor,  as  in 
the  circums<,Tibed  form.  Spots  of  lieinorrhagie  infiltration  and  of 
aoflening,  with  formation  of  e^ivities,  may  be  noted. 

The  .sputa  in  gangrene  are  nuieopurulent,  of  a  yellowish-gray 
or  brownish  eolor,  and  intensely  fetiil.  When  placed  in  a  conical 
vessel  they  sepjirate  into  three  layers :  the  upjHT  frothy,  the  k)wer 
puriforrn  and  brownisli  in  color,  and  the  middle  layer  more  fluid 

r.  yellowish. 
'I 


INFECTIOUS  DISEASES. 
Tuberculosis. 


Tuberculosis  of  the  lungs  is  usually  a  local  proces.s  at  first,  but 
in  many  cases  liecomes  generalized  by  subsequent  spreail  of  the 
infection.  Sometimes  the  pulmonary  disease  is  from  the  beginning 
onlv  a  part  of  a  general  tuiiereulosis. 

Infection  of  the  lungs  occurs  through  the  bronchial  tubes 
{hronflKxjemc  tuhcrcnhmx),  liiruugh  the  blood-vessels  (linnof/niie 
tuberrulosig),  or  through  the  lymphatic  system  {lymphogatic  iuber- 

B  1.  The  first  of  these  three  modes  of  infection  is  probably  far 
more  frecpient  than  tlie  other  two  eniubined.  The  tubercle  bacillus, 
dis.seminated  by  the  drying  of  sputa  or  otlier  infected  disi-harges 
from  tuberculous  patients,  is  <'arried  liircetly  to  the  lungs  in  the 
inspired  air  or,  more  rarely,  it  may  lodge  in  the  |>!iarynx,  upper  air- 
passages,  or  bronchi,  and  produce  primary  tuberculous  lesions  from 
which  the  limgs  arc  secondarily  affected.  Immeiliate  infection  of 
the  lungs  is  more  frequent  than  the  secondary  fonn. 

2.  Hemogeuic  inteetion  is  clearly  evid<'nt  in  cases  in  which  a 
tul)orculous  disease  of  some  other  part  (as  the  bronchial  glands, 
prostate,  bones,  etc.)  has  become  generalized  by  entrance  of  the 
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tiibf>rcle  bacilli  into  the  oireiilation  and  in  which  tuberculouis  \<^v\\i 
make  their  appeaniiice  in  various  jmrts  of  the  IkkIv,  inchidini:  ik 
lungs.  .Somt'tiriR's  tho  point  of  rupture  of  a  tuberculous  fucus  into 
a  vein  lias  been  demonstrated.  The  bacilli  entering  the  vcniiiii 
eirculatioi)  arc  carried  tlir<jii^h  the  right  heart  to  the  lungs,  and'are 
fur  the  luojit  ])art  arre.stcd  in  these  orgtms,  when  Hnelv  diviiW  in 
the  blood  sotiie  may  pass  thnmgh  the  ]>nlmouar_v  circulation  nwi 
may  thus  be  distribiit<'il  wiilely  through  the  boily.  In  mmiT 
cases,  however,  the  lungs  arrest  all  the  bacilli  and  become  atFwrtta 
without  general  tuberculosis.  Sometime.^  j)eriiaps  the  lungs  a» 
itifeett'd  tiirough  the  vascular  ehaiinels  without  preexisting  lesiont 
elsewhere.  This  may  occur  win-n  tulterele  bacilli  traverse  the 
mucous  niemljruues  and  enter  the  circulation  without  cau>ine  » 
primary  lesion  at  the  portal  of  entrance.  How  t'retiuently  tliig 
may  happen  cannot  vitv  well  he  estimated,  but  many  facts  speak 
in  favor  of  its  not  infrei|ue!it  occurrence.  Tubercidosis  of  llie 
mesenteric  glands  without  intestinal  lesions  is  not  uncommon,  and 
cannot  be  explained  except  on  the  .issumption  that  the  biicilli 
passed  through  the  niiicosaand  into  the  lymphatics  without  causing 
a  lesion  at  the  portal  of  eutniiice.  Other  facts  (as,  for  exaniiilo, 
the  occurrence  of  primary  tuberculosis  of  bones)  indicate  tliat  tin 
bacilli  may  be  distributed  widely  in  the  circulation  without  local 
lesions  at  the  places  where  they  entered  the  Ixidy.  Lung  tulier- 
eiilosis  can  douiitles.s  occur  in  the  same  way.  and  some  authoritin 
lielieve  this  a  iretpient  mode  of  infection.  In  view  of  the  denimi- 
str.ite<l  inten'ommnnicability  of  human  and  Inivinc  tuliercuhisi* 
the  possibility  of  pulmonary  infection  from  the  consumption  nf 
tiibcrcnlous  meat  and  milk  and  the  passjtge  of  the  bacilli  through 
the  mucosji  of  the  digestive  tnu-t  is  appjinnit. 

In  some  cases  of  hemogcnic  tuberculosis  the  bacilli  gain  fn- 
traiice  to  the  l)Iood  in  an  indirei^t  manner,  as,  for  example,  when* 
lesion  of  the  alidoniinal  or  thoracic  lym]>h-f;lands  jx-netrates  the 
thcyracic  duct.  The  bacilli  carried  in  the  lyinjiathic  .stream  [».« 
through  the  thoracic  dirct  and  eventually  reach  the  blood  and  are 
disseminated  in  the  lungs  and  other  organs. 

Localized  hemogcnic  tuberculosis  of  the  lungs  may  occnr  when 
an  old  tubiTcnlous  lesion  of  the  hmir  or  a  caseous  bronchial  Ivmph- 
glanil  penetrates  a  branch  of  the  pulmonary  art-ery  and  thus  <lis- 
seminates  bacilli  in  tiie  lungs.  This  nuxle  of  occnrrencc  of  the 
diseaiic  in  the  lung  is  rarely  observed. 

3.  Lymphogenic  infection  of  the  lungs  is  secondary  to  tuli 
culous   pleurisy,  tuberculous  bronchial   lymphadenitis,  mediastin- 
itis,  etc.      In   these  cases  the  pleund  and  subpleural    Ivmphatii 
become  infected  and  the  process  spreads  along  these  channels 
the  lungs. 


OF  THE  RESPIRATO 


YSTEM. 


479 


Larger 


masses 


Bronchog^enic  Tuberculosi 

of  infective  material  in 


■d  in  respiration  may 


iclge  in  tiie  bronchi  or  larger  hroiicliiolefi  anil  set  tip  tiiberculons 
ulft-rations,    fruui    wliieh    smaller   jiartieles    may    lie    secondarilv 

C|>ir:ite<l  into  the  finer  divisions  fif  the  bronejiiiil  tree.  Siieli  an 
ciirrence,  however,  is  extremely  rare.  More  commonly  the 
tuberele-bacilli  are  inhaled  in  a  state  of  extreme  dissendnation, 
and  are  not  arrested  initil  tliey  reacli  the  point  of  division  of  tlie 
terminal  broiieliiidcs  into  the  alveolar  passages.  One  of  two  result.'^ 
may  occur  at  this  point:  either  there  is  set  np  a  limited  area 
of  caseous  or  ttibereidous  pnetmioidn,  or  the  baeilliis  penetrates 
between  the  epitiielial  cells  witlmtit  prmltieing  a  deiinite  intra- 
alveolar  lesion  and  causes  specific  tiiherciilur  changes  in  the  piTi- 
alveolar  and  peribronchial  coimcctive  tissues  (miliary  tubercles). 
It  has  been  the  occasion  of  some  disimte  among  patliologists  to 
deciiie  which  of  tiiese  processes  is  most  apt  to  arise  when  the  in- 
fection occurs  tlir4)iigli  tlie  bronchial  tubes,  Uniioiibtetlly  both 
kinds  of  change  may  take  }(!ace.  and  it  seems  likely  that  in  nearly 
every  instance  there  is  a  ndxttire  of  the  two  forms.  When  tiie 
infective  material  is  in  great  abunilancc  and  is  particularly  virtilcnt, 
and  in  eases  in  which  the  individual  is  especially  vulnerable,  case- 
ous pneumonia  prethmiinatps  over  the  formation  of  tnbereular 
nodule?.  On  tlie  other  liand,  a  less  abtmdaut  infection  or  greater 
resisting  power  on  the  part  of  the  individual  determines  a 
greater  liability  to  the  fonnation  of  noflules  and  less  likelihood 
of  e.xtensive  caseous  pneumonia.  Whichever  lesion,  however,  is 
primarj',  the  other  sonn  liecomes  associated.  Thtis,  if  the  epithelia 
of  the  alveoli  are  first  affected  with  production  of  caseous  pneu- 
monia, tlie  jx-ri-alveolar  connective  tissues  are  soon  involved,  and 
tubercles  form  in  Incn,  (tr  by  dissemination  of  the  bacilli  along  the 
lymphatic  channels  nf  the  jieri-alveolar  civnnective  tissues,  tubercles 
apjx*ar  at  s(tme  distance  from  the  first  lesion.  The  alveoli  con- 
tiguous to  such  secondar\'  tubercles  may  in  the  next  place  become 
involved  in  caseous  pneumonia.  When  the  jiriniary  lesion  is  a 
tubercle  in  the  peri-alveolar  connective  tissue,  the  adjacent  alveoli 
in  the  same  manner  softer  caseous  pneumonia.  Thus,  the  disease 
spreads  through  neighboring  lobules  and  in  time  afi'ects  consider- 
able areas  of  the  lung. 

Degenentive  ('hanges  soon  make  their  appearance.  The  areas 
of  pneumonia,  wliieh  tiegan  as  small  foci  or  as  larger  an'as  of  lobu- 
lar tuberculous  pneiinionia,  change  their  color  from  a  gniyish  to  a 
yellowi.sh  color  ami  beconie  completely  easeated  ;  wliile  the  second- 
ary' tubercles  in  the  neighborhorHl,  or  those  which  were  primarily 
formed,  similarly  become  opaque  and  Insterless,  and  finally  yellow- 
ish by  caseation.  This  tendency  to  caseous  necrosis  is  one  of  the 
3St  prominent  and  characteristic  features  of  tuberculous  tissues, 
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and  1ms  fjccasioiit'il  no  little  investig;!ition  an<l  cf>ntrovei^'  m 
e.-^tablish  its  causjition.  Little  doubt  uow  exists  that  two  tk-tors 
play  a  part :  tirst,  the  lack  of  adcfjiiate  blo<xI-><upply,  and,  scwuil, 
the  specifie  aetioii  ol"  the  tuberelo-i)acillus.  Tlie  bUxKl-vesst-U  to 
caseous  piieiinionlu  or  in  the  tiiberoles  are  inadequate  to  supply 
siiffifieiit  iiimrisluneiit  to  the  tissue.  In  the  pneuiuonie  ar«i>  tliii 
is  due  to  proliienitive  ehaii;;es  in  the  intinia  ami  to  direct  pn-*surc 
of  the  exudate,  while  in  the  tubercles  it  is  due  to  hyaline  :iiiil 
other  forms  of  de-ijeneration  with  collapse  of  the  walls. 

Coincidcntly  with  the  process  just  deserilMMl  round-cell  infil- 
tration and  prolifiTjtive  changes  are  manifest  in  the  striicturra 
surroiindlujr  the  iliscitscd  arcjus.  In  the  case  of  the  areas  of  i-a.-seoiis 
pneutnonia  ititiltratioii  and  prolifemtion  of  the  connective  tissue  of 
the  septa,  as  well  as  pfolifcrative  changt>s  in  the  bliXKl-vessolsof 
these  parts,  are  observeil.  There  is  a  wide  variation  in  jwrtiriiiar 
instances  in  the  degree  of  these  reparative  processes,  and  in  gen- 
eral it  may  be  sai«{  that  the  more  acute  tlie  disease  the  more  apt 
is  dcfjetierative  caseation  to  taki-  plai-c  ami  the  less  likely  rogener- 
atioii  to  occur.  Siiiiilar  ovcrjirowth  and  inliltinitiou  may  be  <«'ii 
around  tlie  tubcn-li's,  and  in  favonible  instances  the  latter  may 
evcntnallv  be  coiiipii'tely  eiicap.-iilated  or  converted  into  a  tihroiis 
nodule.  In  instances  in  whii'h  the  reparative  i)roccsses  an-  vcn' 
extensive  there  may  eventually  be  a  preponderance  of  connective 
tissue  over  caseous  pneumonia  or  miliary  tubercles. 

Varieties. — We  mnv  distiti^rui-^li  all  of  the  forms  of  hnmrlio- 
genic  tiibfrciiliisis  by  the  name  of  pnramnnic  fii/>iTciilo.siii,{rom  (lie 
fact  that  the  clotncnt  of  caseous  pneimionia  is  always  an  imjiortaiit 
one,  and  separates  them  sharj/ly  from  hcmopniic  an<l  lyiii|)liit-  _ 
genie  tuben-ulosis,  in  both  of  which  the  formation  of  niiliitry  ■ 
tiibenjlcs  predominates  over  other  processes.  It  must,  however, 
be  remetiibfrrd  that  in  some  cases  of  hcinogenic  tuberculosis  the 
loioti  iiiav  take  the  fivrm  of  a  inrali/.ed  pneimionic  tubercidnsis  liy 
reason  of  the  tiict  that  the  tirst  formed  miliar}-  tubercles  an-  s<>ua 
obscured  by  a  more  extensive  pneumonic  process. 

Three  forms  of  jmeumonie  tubereidosis  are  met  with :  the 
acute,  which  is  ft'n|iH'nlly  spoken  of  as  acute  cageoun  phlhini*,  t>t 
r/ttilopiiif/  ronitiiiiiptioti ;  the  chnmic.  which  is  also  known  aiM 
chronic  ulrrratiir  plitliiulM ;  and  the  form  in  which  fibn)us  over-fl 
growth  predominates,  and  which  is  therefore  known  asJiliroHA  or 
Jibroid phthisij<.  While  typii-al  instances  of  these  forms  are  qnite 
distinct,  there  is  no  sharj)  dividing-line  separating  the  groups,  and 
individual  forms  merge  insensibly  one  into  the  other. 

Acute  pneumonic  tuberculosis  is  more  common  in  children  than 
in  adidts.  Two  elements  ])lay  a  jKirt  in  its  o<'currenee :  first,  a 
high  degree  ()f  susceptibility,  and,  second,  abimdant  intection  with 
virulent  bacilli.  The  latter  maybe  derived  from  without  the  body 
by  direct  inhalation,  or  may  come  from  the  discliargc  of  oIder| 
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cast'ous  areas  in  the  lungs,  which  have  broken  into  the  bronchiiil 
tul)e8,  or  from  s^tiue  ffMU-  df  tiil)en.uiloMs  in  tin-  iipiHT  iiir-jKLH- 

Pathologic  Anatomy. — This  form  of  tulicrcniKsis  is  lobulur, 
but  vi-n-  frtfjucntiy  in-  rnnfluenoc  of  thf  aH'e<'to<i  areas  an  vntire 
\o\w  may  \w  involvwl.  Eitiier  tiie  base  or  the  apex  may  be  first 
affected.  On  !iecti<iu  tiie  lung  pre.sents  a  more  or  less  variegated 
apj)earance  in  the  earlier  stages,  due  to  the  formation  of  minute 
pat<-hes  and  lobular  areas  of  fas<'(iii.s  ))nciimonia  having  a  gravisli 
;ip|>oar!ince,  and  the  coincident  congestion  of  surroundinp  |)orti<>n.s 
of  the  Inng-tissue.  Se<'ti(iiis  throutrh  tiie  limg  whicli  cut  a  termi- 
nal bronchiole  in  a  longitudinal  ilirection  show  it  more  or  less  filled 
with  cheesy  exudate  anfl  surrounded  by  peribrt>ni>hial  caseation 


Liw 


>^ 


^ogmlc  Iiit>erru1r«li  at  the  Iiidk,  ihowtng  the  Involvement  of  the  tiisue* 
■urrouudiug  the  leriuiiml  hruucliluln  (Utrc-hHinobfelUl. 

(Fig.  212).  Transverse  sections  give  the  apjiearance  of  a  Bection 
through  a  large  tubercle  or  an  aggregation  of  tiil>ercles,  but  the 
lumen  of  the  bronchiole  may  usually  be  (li.«ct)vered  in  the  center 
/•r  to  one  or  the  other  .-ide.  Small  miliary  tubercles  may  be  apjwr- 
ent  in  the  edges  of  the  jmeumoiiic  patches,  ami  even  for  sonu-  di.s- 
taoi-e  aniuntl  them,  bat  the  coiiiH-ctive-ti.-vsue  involvement  is  more 
apl  to  apfiear  as  a  dit}ii.s<-  infiltration  along  the  peribronchial 
and  {terivatMMilar  lymphatic.s  than  as  distinct  tulH^-cles.  As  the 
pHK.-*-?!*  JncreaM's  the  lung-tissue  becomes  nmre  and  more  exten- 
wvely  involveil  and  imifurndy  gray  or  yellow  i.-h  and  con.solidated 
(Kig.  213).  The  cut  st'ctioii  i;?  gfiicnilly  somewhat  granular  in  the 
earlier  stages  from  admixture  of  fibrinous  exudation  in  the  alveoli ; 
but  later  progresijively  increasing  caseation  and  s<jftening  render 
the  surface  of  section  smtHJth  and  moist.  Not  infrequently  com- 
plete destruction  takes  place  and  cavities  ari'  formeil.  These  are 
ti-ually  small  and  jire.scnt  no  marke<l  tendem-y  tti  the  formation 
I  «f  an  urganiiuH]  wall,  but  appear  simply  as  necrotic  excavations 
31 
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witli  irregular,  ragged  outlines.     The  pleura  over  the  surface  of 
such  u  lung  is  usually  iuflamed  autl  coveretl  with  more  or  Ics 

tibrinous  or  fibrinopurulent  ex- 
uilation,  ami  not  rarely  with 
an  atxiniiant  crop  of  tubercles. 
Sometimes  a  superficial  lc!>ii)D 
may  rupture  into  the  pleural 
cavity  an<l  cause  pneumo- 
thorax or  later  pyopueumo- 
thorax. 

When  the  process  is  less 
active  and  the  infection  les* 
aljuiulant  confluence  of  tlw 
lobular  areas  is  less  likely  to 
occur,  and  there  are  seen 
merely  disseminateti  {uitches 
of  caseous  pneumonia  scat- 
tered through  various  jwrts  of 
the  lung,  wliich  is  in  general 
more  or  less  congested.  In 
such  instances,  t<x),  the  evi- 
dences of  reparative  change 
are  more  decided.  Complete 
eticap.-^idation  with  subsetjiient 
e^icification  may  ensue,  or 
fibrous  overgrowth  may  con- 
vert the  entire  area  into  t 
cicatricial  mass.  If  the  cheesy 
area  is  ■<imply  enclosed  with 
fibrous  tissue,  it  may  remain 
(luiescent  for  a  time,  possibly 
for  years,  and  subsequently 
penetrate  the  enclosing  wall 
and  occasion  a   fresh  extension  of  the   whole  process. 

Chronic  pneumonic  tuberculoBia  is  the  ordinary  form  of  pulmonary 
phthisis.  It  iH'gins  in  tiie  apices  of  tire  lungs  in  the  great  majority 
of  eases,  tlioiigh  children  arc  as  likely  to  be  first  atffcted  at  the 
bases  as  at  the  apices.  While  there  is  no  <loubt  that  chronic  phthisis 
is  usually  due  to  infection  through  the  inspired  air,  it  must  be 
admitted  that  occasionally  the  onset  of  the  prrtcess  is  due  to  infec- 
tion tlirougli  the  blooil  or  lymphatic  channels  (see  above).  In  the 
instances  of  the  latter  kind  there  may  first  be  establishe<l  a  lf>calizeil 
lesion  which  caseates  and  ]>enetrates  a  bronchial  tul>e,  dischaiving 
its  contents,  and  thus  leading  to  widesprea<l  bronchogenic  infi 
tion.  The  further  development  of  the  disease  takes  place 
several  distinct  ways  (see  below). 

Pathologic  Anatomy. — When  there  has  been  an  existing  bron- 
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chitis,  adhesion  of  the  bacilli  may  occasion  tuberculous  bronchitis 
with  ulceration  and  secondary  involvement  of  the  siirronnding  tis- 
sues. More  commonly  the  Imcilli  lodjrc  in  tlie  finer  itroncliioles  or 
alveolar  passapes,  as  in  acute  jineiimonic  ptitliisis,  and  give  rise  to 

*h>l>nlar  an^s  of  caseous  pneumonia,  surrounded  by  tubercles  which 
are  formed  along  the  course  of  the  !yni|ihatic  vessels  leading  out 
fixira  the  first-formed  caseous  foci.  There  is  a  tendeney  to  a  con- 
stant increase  of  the  area  of  disease  by  the  tliseharge  of  caseous 
material  into  contiguous  bronebi  and  its  as]iiration  into  other  parts 
of  the  lung,  and  also  by  dissemination  of  the  infeetioti  along  the 
lymphatic  vessels  traversing  the  eormective  tissue  aronnd  the  blood- 
vessels and  bronchi.  Seetiun  through  the  lung  discloses  more  or 
less  consolidated  tissue  of  an  o|iaque,  grayish  or  yellowish  a|)jiear- 
ance,  in  which  the  bronchi  may  be  seen  as  open  spaces  or  filled 
with  mneopiimb'Ut  liquid.  Little  distinction  between  caseous 
pneumonia  and  tiie  tubrrcb's  ean  be  n)a<le  in  the  center  of  such  an 

Earea,  but  at  the  edges,  where  (he  pnieess  is  seen  in  the  earlier 
ages,  such  distinction  may  be  jmsstble. 
At  times  nnr.is  of  a  fiiirinous  or  cellular  pneumonia  arc  formed, 
hese  differ  frf)m  caseous  pneumonia  in  presenting  a  granular  or 
gelatinous  app<'aranee,  an<l  in  tiuir  li;dulity  to  ]iartiiU  or  complete 
n*solntion.  Thf  ))roci-ss  is  seri>(ibriuous  and  cellular  in  ebaraeter, 
and  often,  though  not  always,  due  to  sei'ondary  infections. 

The  same  tendencies  to  degeneration  and  softening,  on  the  one 
hand,  and  to  the  processes  of  repair,  on  the  other  hand,  are  .seen 
in  chronic  pneunionic  phthisis  as  are  apparent  in  the  acute  form. 
Tliere  is  the  difference,  huwever,  that  tiiese  elianges  are  less  rajiid, 
and  that,  as  a  ride,  proliferation  of  connective  tissiu'  with  the  ibr- 
mation  of  fibrous  tissue  is  more  prt)nouncetl  than  in  the  acute 
Wiseafte. 

M  The  degenerative  and  necrotic  processes  lead  to  a  most  charac- 
Iteristic  lesion  of  tuberculous  lungs — fltr  nifiti/.  Cavities  are  fornie<l 
either  through  th<'  dilatation  nf  the  bnmcfiioles  (bronchiectasis), 
due  to  their  idcenited  and  weakened  cnuditinn  and  to  the  pressure 
of  retainetl  secretions,  with  subsiMjiicut  ulei-nitiim  and  break- 
ing down  of  the  surrounding  caseous  tissue;  or,  on  the  tither 
hand,  to  liquefaction  of  ai.seous  areas  not  in  connection  witfi  a 
bronchial  tube.  In  the  latter  case,  however,  communication  with 
the  bronebi  is  freijui'ntly  estaldishe<l  by  extension.  A  single 
cavity  may  grow  larger  and  larger  i)y  constant  ulcenitive  proc- 
e.«ses,  in  wliirh  not  alone  tlie  <'aseous  tuberculous  degeneration 
takes  a  part,  but  also  active  ulcerative  changes  tlepi'ndent  upon 
mi.xed  infection  thnnigh  insjiinition  of  pyogenic  organisms.  As  a 
rule,  however,  larger  cavities  are  formed  by  the  confluence  of 
separate  smaller  f)nes,  and  tliere  may  be  found  a  series  of  ex- 
cavations communicating  more  or  less  extensively  with  each 
•  ither.     The    cavity,  or  vomica,  contains    a  variable   amount  of 
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ill-smelling,  putrid  secretion,  consisting  of  brokou-tlowu  chwfT 
matter,  ])Ui<-cells,  rlcapnerntcd  e])itiielial  cells,  and  fillers  of  tlajtic 
tissue,  and  containiiiir  fiiberfle-luicilli,  j^yogenic  organisms,  ami 
(M^c'asionally  inoiild-fiiniri.  Tlie  walls  of  the  cavity  are  gencrallv 
formed  hy  rejmrative  fiUroiis  jirolit'cration,  an<l  are  coveretl  wiili 
a  "pyogenic  nienvliraue,"  usually  darkly  pigniente«l.  The  inner 
siirfiice  is  very  nuigh  and  rilihcd  by  projecting  hands.  The  latter 
repri'sent  the  tiidxiculie  and  hliXKl-vessels  of  tlie  lung-ti.ssue,  which 
have  resisted  idcenition  more  oi)stinately  than  the  surrounding 
structure  of  the  lung.  'I^his  resistance  may  Cfjntinue  to  such  an 
extent  tliat  the  hlnod-vcsscl  is  kd\  as  a  cord  jwissing  din-ctly 
tiirougli  the  cent<'r  of  the  cavity  ;  lint,  as  a  rule,  tiie  lumen  of 
the  vessel  is  soon  ohlitemtwl  by  thrombosis  and  the  vessel  itself 
destroyed.  Not  infn'ipicntly  exatnination  of  the  blood-vessels  in 
the  wall  of  the  cavity  or  passing  through  it  show  small  aneurysmal 
ditiitations  whii'h  result  fmiii  the  weakening  of  the  wall  hy  tlit 
surrounding  necrotic  pro<'css  and  from  the  pressure  of  the  bKxl 
witliin.  It  is  fruui  aneurysms  of  this  chanicter  that-the  large  ami 
often  fatal  hemorrhages  of  the  later  stages  of  tuberculosis  take 
jilace,  though  hemorrhage  may  also  occur  directly  from  tlio  ertxld 
liliMxl-vessel  without  aneurysmal  dilatation.  The  smaller  hemor- 
rhages of  tiie  early  stages  of  phthisis,  which  ix^casion  onlyn  .■•trcak- 
ing  of  the  sputa  with  blood,  are  due  to  early  erosion  ol  >niall 
vessels  of  the  bronchioles  or  to  capillary  ruptures  dependent  upon 
congestion. 

The  reparative  processes  (connective-tissue  formation)  in  chronic 
pneumonic  tuberculosis  may  cause  cessation  of  the  disease  when 
otdy  limite<l  areas  of  the  lung  are  affcctwi  by  surrounding,  ami 
thus  encapsidating,  the  diseased  parts,  or  by  complete  fibrosis  of 
the  areas.  These  changes  arc  dominant  in  the  torm  next  to  be 
descrilied. 

Fibroid  Phthisis. — The  re|iarative  or  fibrous  processes  which 
tend  to  counteract  caseation  and  destruction  may  begin  befon; 
cavity-formation  or  after  it.  \\'lien  beginning  in  the  earlier  stagi-s 
the  caseous  areas  will  he  fouiul  to  pn'sent  a  capsule  of  more  or  less 
well-develo])ed  fibrous  tissue,  wliieli  may  eonipletely  surround  and 
se])arate  them  from  t!ie  neighboring  tissue  of  the  lung.  The  cap- 
sule tends  to  eontnict  and  shrink,  and  the  caseous  material  within 
may  become  eouipletely  ealearwjus.  In  this  manner  a  limite«i 
focus  of  tuberculosis  of  the  lungs  not  infrocpiently  b<?comes  com- 
pletely arrested.  When  the  capsule  is  not  so  firm.  at\er  a  pori<xl 
of  <iuicscence  or  latency  extending  over  even  a  number  of  years, 
fresli  extension  may  begin,  the  capsule  nuiy  be  {lerfonited,  and 
acute  pneumonic  phthi.sis  may  lie  cstab]ishe<l,  or  the  tulH-rcu- 
lous  process  nuiy  extend  more  slowly  through  the  contiguous  areas! 
as  chn>nic  ulcerative  phthisis.  W  hen  the  tubercuhms  lesion  is 
limited  and  consists  of  minute  foci  not  too  closely  c^mjoined,  the 
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fihnitiii-tissiK'  jiroliferation  may  iiitrrj^jHTse  tlif  lesion  w)  tliat  the 
whdle  is  oonvertMl  into  selcrotit;  ti.'ii^tn-'  instead  ot'  In'iiijr  incrt'ly 
surrtiunded  by  a  capsule. 

The  fibrous  cajisiilcs  siirroundtup  the  cavities,  which  have 
already  been  alliidi'd  to,  may  he  of  varviiig  |ir<iiiiini'n«'.  Jii  ease 
ot'  small  vomine  witli  |)n>iit>irueeil  fihniiis  walls  the  euntraeticui  id' 
the  latter  may  alitmst  ohliteniti'  the  cavities,  leaviiijr  only  narrow 
and  distorted  hjiai^es  eoiitaiaiiiijr  a  small  amuuiit  of  putrid  material 
{ricatricts  figiuleune  ot'  Laeuiiec).  Complete  healing  of  a  cavity 
of  notable  size  probably  never  occurs.  When  the  c-xeava- 
tion.i  are  of  large  size  the  ri*|)ar;itivc  pnx'esses  consist  simpiv 
in  the  formation  of  a  thick  wall  of  libnnis  tissue,  which  preV4'nts 
the  further  e.xtension,  liir  a  time,  at  least,  of  the  tuberculous 
process. 

Complications  in  Bronchogrenic  Pneumonia. — Of  first  ini- 

fortance  in  tuberculosis  of  the  lung  is  the  condition  of  the  pleuni. 
n  the  acute  ])ncunionic  form  the  pleuni  adjoining  the  diseased 
areas  is  genenilly  more  or  less  iuHamed  and  may  [iri'sciit  e<iiisidcr- 
aJile  fibrinopurulent  exudation,  :is  in  crou|ious  jMieiimoiiia.  Serous 
or  seropiirulent  exudation  may  likewise  be  present,  ami  eruption 
of  miliary  tubercles  in  the  pleura  is  not  umisual.  The  sami-  priK'- 
e«ses  may  occur  in  clmtnie  pneumonic  tuberculosis  or  chronic 
phlhisi.s.  More  commonly  there  are  found  simply  fibrous  adhe- 
sions binding  the  oni'  surface  id"  the  pleura  to  the  other,  especially 
at  the  a|)ex. 

Kxtension  of  the  tuberculous  process  may  also  take  place 
directly  u|nvanl  along  the  air-passages,  and  i.s  due  for  the  most 
part  to  ilircet  infection  by  the  sputa.  There  nuiy  thus  ttccur  tiib(>r- 
culous  ulcersition  of  the  larger  bronchi,  nf  the  trachea,  of  the 
larynx,  or  nf  the  piiarynx.  When  the  sputa  are  swallowed,  as  is 
csjx'cially  likely  to  happen  in  children,  or  in  adults  during  sleej), 
intestinal  tuberculosis  is  apt  to  iM-eur. 

Finally,  dissemination  of  the  tuliereidons  disease  through  the 
bloo«l  is  freipient.  A  caseous  area  in  connection  with  one  of  the 
veins  mav  penetrate  (he  lumen  of  the  vessel  and  discharge  its 
<M)ntcnt8  into  the  circulating  bloo<l,  or  may  first  occasion  tuber- 
culous prolifeniti<in  in  the  intima  of  the  vein  or  inf<'elious  throni- 
bo«iis,  from  which  the  blood  is  s*'condarily  infected.  Then:  results 
general  miliary  tuberculosis,  the  tubercles  occurring  especially  in 
the  spleen,  the  liver,  the  kidneys,  the  choroid  coat  of  the  eye,  or  in 
the  membranes  of  the  bntin  or  other  serous  membranes. 

.Vcute  pneumonia  may  ;iccom])any  <'ither  Jieiiteor  chronic  pneu- 
monic tulH-'riHilosis,  and  <-crtain  authors  insist  that  in  pnictically  all 
cases  there  is  more  or  less  mixed  infection.  This  is  probably  not 
the  case,  but  complicating  pneuniouin  is  undoubtedly  fVcfpient. 
In  most  of  such  cas<'s  localixcd  patches  of  catarrhal  bronchojineu- 
monia  are  seen  between  the  caseous  lobules  ;  but  sometimes  a  frank 
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fibrinous  consolidatHm  may  occupy  the  lower  IoIkj  of  a  lung  in 
wliich  tilt'  iijjjxT  lol)i'  jiri'sciits  hcgiiiniug  tuberculosis.  Quite  In- 
qucntlv  there  are  sniull  areas  of  pneumonic  consolidation  of  tiliri- 
notis  character  in  the  lobe  which  is  itself  the  seat  of  tnberculi)a' 
involvement.  Toward  the  end  of  life  there  is  usually  extenrivf 
etleitui  of  the  ba.<ses  and  j)osterior  portions  of  the  lungs. 

The  heart  has  interestinjj  relations  with  tuberculosis  of  the 
lunf(s.  Earlv  writers  ciilled  attention  esjx'cially  to  the  fact  tlial 
l»litliisical  subjects  fre<jueiitty  present  unusual  smallness  (h^•po- 
plasia)  of  this  organ,  and  more  recently  attention  has  Ijoen  directed 
to  the  fact  that  congenital  stenosis  of  tlie  pulnionarj- orifice  strongh 
prtitlisposes  to  tubereulosis  of  the  lungs.  Some  have  claimed  that 
tlieif  is  an  antagonism  between  cardiac  disciise  and  tuberculnsk 
Tliis  view  is  not  \\M  founded,  though  it  is  probable  that  the 
elironic  congestion  of  i-anliac  disease  reiiilers  the  lung  aomewhat 
less  vulnerable  to  tiibenadous  infection  than  tiie  normal  lung. 
Where  there  is  a  long-standing  tuberculous  cou.solidation  li_\T>er- 
tropliy,  esjK-cially  of  tlie  riglit  ventricle,  is  likely  to  occur.  Tuber- 
culous pericjinlitis  may  be  fnuiid  in  as.sociaticm  with  tuberculous 
p]iiiri>y  ;  and  tubercles  may  alsi>,  thougli  much  more  rarely,  be 
f'mnid  upon  the  endoeunlial  lining.  The  latter  are  due  to  infec- 
tion through  the  blootl. 


Hematogenic  Tuberculosis. 

This  form  (M'curs  when  a  focus  of  tuberculous  disease  ruptures 
into  a  l)luod-ves.sel  and  the  infective  contents  are  disseminatwl  in 
tiie  ciiYulatiou.     As  a  rule,  hemogcnic  tuberculosis  of  the  lungs 
is  only  a   part  of  a  general   tuberculosis  of  the  entire  liody.     The 
points  from  which   the  primary  infection   may  take  place  are,  of 
course,  numerous,  but  caseous   lymph-glands  of  the  eerv'ical  or 
y>eribnii)ciiial  group,  or  olil  foci  of  tuberculosis  at  the  ap«'x  of  the 
lung,  are  perlinjis  the  luost  frefjruiit.     The  organs  and   structures 
of  the  body  likely  to  be  infected  by  geneml  hemogenic  tubercu- 
losis are  the  spleen,  the  liver,  the  kiilney.  the  choroid  coat  of  the 
eye,  the  meninges,  and,  more  prominently  than  any  other  orpin, 
tlie  lungs.     In   the  nire  cases  in  which  rupture  of  an  old  pulmo- 
nary focus  has  occurred  into  one  of  the  lirnnchesof  the  pulnionarv 
artery,  only  one  lung,  or  Imt  a  part  of  a  lung,  may  be   involved.] 
Attention   has  been  j)n'viously  directed  to  the  probability  that  iai 
Sfmio,  if  not  man)',  cases  what  apjwars  to  be  bronchogenic  pulroo-1 
nary  tuberculosis  is  in  reality  hemogenic,  the  bacilli  having  en- 
tered the  body  at  some  obscure  point  without  causing  a   lesion  at^ 
the  portal  of  entrance,  and  having  produced  a  localized  le,sion  in 
the  lung   iusteail   of  the   more   typical   disseminated   tuberrulosis 
usually  found  in  hematogenous  infections. 

Pathologic  Anatomy. — The  pathologic  feature 
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anct?  in  heinatt)gcnie  tiiKfivulnsis  is  tiic  tiiritiittioii  of  niiliaiy  tiilu'r- 
cles.  Tliest'  a]i[)C'ar  as  f;ray  ur  tnuisliicent  areas,  the  size  ut"  niillet- 
eeeds,  around  ami  involving  the  terminal  arterioles  or  eajiillaries 
in  the  inters'esicuhir  .se|>tii.  At  first  thev  may  he  <!o  stiiall  tliat  the 
nake<l  eye  scarcely  iliseovers  tlieni,  and  tlu-y  are  so  translucent  that 
ol)]it|ne  li^iit  is  neeessary  to  inalce  tlieni  appear  to  view.  Later 
tliey  increase  in  size  and  heeouie  more  trrayisli  and  opai|iK'.  Micro- 
fioopieally  there  are  the  well-known  eiiaraeteri8ties  of  tlie  miliary 
tuhercle  pinlieflde<l  in  (he  |M'rivaseular  conneetive  tissne  (see  Tnber- 
culosis.  Part  I.).  Tliese  tuhcreles,  fiowever,  arc  prone  to  distin- 
pnish  tl>eiust'lves  from  the  eharacteristie  tnhereles  seen  elsewhere 
by  their  more  irre^nlar  outline  and  t!)e  niore  irregular  arrangement 
I  of  their  comjionent  llist^)l(^gio  elements.     When  the  tiihereuloiis 


Tta.  SM.— lllU»ry  tutxrciil*!?  of  llie  Uiiv/,  showing  tvi  ii  tubercles  with  dcgencniti'd 
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process  is  particularly  rapid  and  vimlent  giant-cells  are  few  in 
number,  and  the  tulierele  is  composed  mainlv  of  proliferated 
connective-tissue  cells  of  tlie  ordinary  tyjie,  some  epithelioidal 
colls,  and  round  infiltratinii-eells,  all  of  them  more  or  less  granu- 
'  lar,  and  the  entire  ntMluIe  surrounded  by  a  zone  of  caseous, 
catarrhal,  or  even  heniorrhagic  pneumonia  of  the  contiguous 
alveoli  of  the  lung  (Fig.  214).  The  lubereles  are  rarely  sceu 
in  the  stage  of  advanced  necrosis,  but  this  may  take  place  in 
instances  of  a  more  chronic  course  in  which  the  bacteria  are 
admittwl  to  the  lungs  slowly  and  perhaps  in  a  state  of  lesser  viru- 
Jence  than  common.     In  those  instances  of  what  may  be  termed 
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clirijilic  miliary  tuln.Tciiloriis  then,'  may  lie  a  considerable  amount  of 
cast'iitioii  lit"  till'  tulurclts,  and  x\w  patches',  as  a  nile,  l>f(M>me  tlccid- 
t'diy  lar^fiT  ttiati  in  tliu  ordinary  aoutf  fnrm  (Fij:.  215).  An  ex])!!!- 
natiitn  of  this  tbrui  oCr-hronic  miliary  tiil)erculosis  lias  lieen  oHrreil 
by  certain  authors,  who  hold  that  these  are  instances  of  infi-otinn 
tlir(iii<;h  the  thoraeic  duct  and  liloml-vefisels.  The  infective  matcrinl 
enters  the  thomcic  duct  f'niin  ea.seuus  lym))hatic  plands  in  the  ali- 
donieii  or  tlior.ix,  and  is  di.seliariied  with  the  lymph  into  the  veiit 
in  a  frradual  iiiaiiner,  oidy  a  little  beinjr  allowed  to  pa.*^  at  a  time. 
The  oitlinarj'  and  typical  acute  miliary  tubercidosis  presents 
itself  eliiiieally  as  an  acute  infectious  disease,  nmning  its  course 
nipiiUy  and  causing  early  dissolution.     The  disease  is  rather  » 


Fio.  215.— BematogcuiP  tuberculosis,  »howinif  many  sonttcrcd  mtliu;  IDtcrclo  wl 
•leveral  oliialeiif  iiniKlllk'<t  fnjin  tt«illltiKer). 


general  t4>.xeniia  than  a  local  process,  and  toxemic  change.*  may  be 
prcs<Mit  ill  various  organs,  such  as  occur  in  other  infectiotis  awl 
to.xcmic  diseases.     The  heart,  liver,  the  kidneys,  and,  in  general, 
the  |)arcucliyiiiatous  structnifs  are  prone  to  become  degenenite<l, 
and  when  tlie  febrile  infection  continues  there  may  be  extensive 
fatty  (legeneratiiMi.      In  addition  tn  tiic  eruption  of  miliary  tuber- 
cles in  other  organs,  to  whii'h  allusion    lias  already  Ix'cn   made,! 
there  is  also  invitlvemeut  of  the  pleura  which  belongs  more  prop- 
erly to  the  pulmonary  pnK-e.ss  itself,  and  is  simply  a  continuation 
of  the  ssiine  infection  wliich  gave  ri.se  to  the  pnlmonar^'  invulv< 
meut. 
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Lymphogenic  Tuberculosis. 

It  is  possible  for  tuberculous  infection  of  the  lungs  to  occur 
through  the  lymphatic  channels  in  several  ways.  In  speaking  of 
acute  miliary  tuberculosis,  particularly  of  the  more  gradual  type, 
reference  was  made  to  the  fact  that  infective  material  is  sometimes 
carried  by  the  thoracic  duct  from  the  lymphatic  glands  of  the 
abdomen  and  posterior  mediastinum,  as  well  as  possibly  from 
carious  thoracic  vertebrse  to  the  blood-vessels,  and  thence  distrib- 
uted through  the  blood  to  the  lungs  as  a  hematogenic  infection. 
Direct  infection,  however,  through  the  lymphatic  channels  may 
take  place.  Thus  tuberculous  pleuritis,  either  primary  or  second- 
arj'  to  tuberculous  disease  of  the  vertebrae  or  ribs,  sometimes 
spreads  directly  into  the  lung  through  the  lymphatic  vessels  trav- 
ersing the  interlobular  connective  tissue ;  and  in  cases  of  caseous 
tuberculosis  of  the  peribronchial  glands  the  infective  material  may 
be  conveyed  into  the  lungs  either  by  a  reversal  of  the  current  of 
lymph  in  the  vessels  running  to  these  glands  or  by  direct  exten- 
sion along  the  lymphatic  walls.  A  form  of  lymphogenic  tuber- 
culosis of  the  lungs  may  also  be  referred  to  in  which  caseous 
Irmph-glands  directly  perforate  the  lung-tissue,  but  the  actual 
dissemination  of  the  process  in  the  lungs  in  these  cases  is  usually 
through  the  bronchial  tubes  into  which  the  bacilli  gain  entrance. 

Pathologic  Anatomy. — It  is  characteristic  of  lymphogenic 
tuberculosis  to  find  small  nodular  areas  which  microscopically  are 
seen  to  be  more  or  less  characteristic  tubercles.  These  are 
scatteretl  along  the  lymphatic  vessels  running  in  the  interlobular 
septa  or  surrounding  the  bloo<l-vessels  and  bronchi.  In  the  in- 
stances of  lymphogenic  tuberculosis  secondary  to  pleuritis  sup- 
purative lymphangitis  and  })erilymphangitis  (see  Pneumonia)  are 
not  infrequently  associated. 

SYPHILIS. 

It  has  been  the  occasion  of  much  dispute  whether  the  many 
forms  of  disease  attributed  to  this  (ause  can  be  really  so  olassifiecl. 
Undoubtedly  some  of  the  contlitions  attributed  to  syphilis  are 
cases  of  tuberculosis,  or  of  some  other  form  of  pulmonary  disease. 
But  there  are  other  varieties  which  can  uncjucstionably  be  spoken 
of  as  syphilitic.  Among  these  are  the  difl'use  infiltration  of  the 
new-bom  and  the  tertiary  gumniata. 

Difiuse  syphilitic  infiltration  of  the  lungs  is  occasion- 
ally met  with  in  the  new-born.  As  a  rule,  infants  showing  this 
are  stillborn.  It  manifests  itself  as  a  more  or  less  lol)ar  consoli- 
dation and  induration  of  the  lung-tisstie.  On  section  the  lung  is 
light  gray  or  almost  white  in  color,  and  completely  airless,  so  that 
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till'  name  pneumonia  alba,  given  by  older  writers,  was  higlilv 
sifTuifioant.  Micniscnpifully  tliere  are  seen  wi«le.~j)read  muiiij- 
cell  ami  Hpimlle-ci'll  infiltration  and  proliferation  in  tJie  inter- 
alvfolar  am!  iiiti'rIoKiilar  i-imueftive  tissues,  with  more  or  W 
coinjm'ssiuii  (iC  tlie  Kriiiiclii<»lcs  and  alveoli.  The  epithelium  of 
tile  latter  niav  be  somewhat  proliferat*'*!  and  des<juaniated,  and 
shows  a  tfii<Ii-!iry  to  tiittv  degeneration  and  neerusis.  In  sonif 
iiistinees  the  dcgeucnitive  ehanges  ilf>  not  take  place,  ami  liii- 
prolifenite*!  epitiieliiim  of  the  alveoli  is  niassetl  within  the  alve<ilar 
lumen,  and  is  for  the  most  jwrt  of  a  euboidal  diameter.  Tlir 
blood-vessels  eoiiiniuuly  slmw  proliferation  of  the  adventitia  a> 
well  as  of  the  intima,  and  may  be  eonipletely  obliterated.  .\r- 
eurdiiig  to  IJirrJi-Hir.-eiifeld.  sypliilifie  fetuses  of  the  sixth  or 
seventh  montii  suinrtimes  present  limitiKl  disease  of  this  natiin- 
and  of  stieh  distrilnition  that  it  is  recognized  to  begin  as  a  pc-ri- 
bmiichiid  and  peri-alveolar  infiltration  of  lobular  distribution. 

Syphilitic  gtimmata  m.iy  i)e  associated  with  the  diffiw 
form  of  eorigenital  syphilis,  or  may  Ix-  present  in  the  new-JHirn 
without  the  latter.  (Tiininiata  are  occasionally  seen  in  udulL'. 
They  are  present  most  fretjnentlv  near  the  r«H>t  of  the  \mg 
beneath  the  pleura,  but  may  be  .seattere«l  through  other  jjartjs  of 
the  organ.  .Vs  a  rule,  the  numlM-r  is  limited.  They  apjM'ar  as 
more  or  less  roim<led  nodules  of  a  grayish  to  yellowish  color,  with 
more  or  less  fil irons  overgrowth  surrounding  them  and  ofti'ii 
radiating  from  them  into  the  surrounding  lung-tissiic.  Central 
necrosis  may  pnu'ced  to  such  extent  that  i-avities  are  formed. 

Ooeasionally  the  ccmtents  of  u  gumma  may  be  di.schaipKl 
through  the  bninehial  tubes,  or  they  may  be  alisorbed  ami  a 
cieatrieial  puckering  of  the  hing-ti.ssuc  may  mark  the  plact; 
of  the  former  disease.  Mieroseopieally  tlier<>  are  seen  in  tlie 
earlier  stages  the  onliuary  ajipearanees  of  gummata  (see  Syphilis, 
Part  I.),  with  more  or  less  diffuse  infiltration  surrounding  them  and 
with  thickening  and  hyaliin>  degeneration  of  the  bli m kI-vcsscIa. 

Syphilitic  fibrous  induration  of  the  lung,  so-calle<l,  haa 
been  described,  and  it  seems  likely  that  some  of  the  cases  embraced 
in  the  descrijition   are   really  syphilitic  in   nature.     The  process 
begins,  as  a  rule,  at  the  root  of  the  lungs,  from  which  it  radiates 
through  the  tissue  toward  the  pleura.      The  fibrous  ti.s,sne,  for  th«  ' 
most  part,  surrounds  the  bronchi  and  bhKMl-vessels  (Fig.  216),    In] 
another  group  of  crises  the  j)r<:ieess  spreads  fn)m  the  pleura  andl 
occasions  the  formation  of  (lense  bands  of  fibrous  tissue   p3.«sin({j 
inward    into  the   Inng-strneture.     In   still  other  cases  the  fihnmll 
overgrowth  is  sr»  dtil'iise  that  the  apjH-arance  presentetl  resembles' 
so  elr>s<'ly  that  of  piieunionokoniosis,  that  it  is  practicjiUv  iudis 
tiugnishable.     It  is  quite  probable  that  many  instances,  in  which, 
appearances  such  as  these  are  met  with,  are  not  at  nil  syphilitic 


Fm.  216. — Syphllli  of  liingfi:  a,  thirkt'iu'il  Blveolar  walls  or  atroma;  6.  partly  lontcl- 
tadinal  ^crtion  nf  bninchus;  c,  unlnllltriited  alveoli:  d,  new  coimwtlve  tissue  liiflltrnti'd 
with  stiiiill  round  rells  :  f.  oelln  llnliii;  ulveull :  /,  artery  showing  thickened  walls  ;  <;.  dt  »- 
quamated  lining  eelis  (Linsley). 

gumtnata  in  undoubtedly  syphilitic  individuals,  make  it  likely  that 
sonae  at  least  are  of  this  origin  and  nature. 

GLANDERS. 

Glanders  octasionally  afl'cefs  the  piilnmnan'  tissue,  the  infec- 
tion taking:  plaw  eitficr  liv  iiilialatinii  from  iilcenttMl  lesions  in 
the  nose  or  other  jHjrtions  of  tlic  ii[i|kt  iiir-j»iis.«ajrcs,  or  nmre 
rarely  by  di^trilmtion  of  tlif  twfilli  tliroiii^li  tlie  bluoii.  Tlie  k"sir»ns 
are  of  two  kinds,  TIktc  may  be  nitTcly  a  ;rniylsh  or  purulent 
infiltration  of  a  diffuse  chui-.ictLT,  with  tlie  tbrnuition  of  aliseesses 
aud  often  with  assoeiatetl  lR*moiTha<ri<'  iiitiltnition.  Considenible 
areas  of  the  lung  may  be  eonsolidatcd  in  this  manner,  or  the 
process  may  \k:  locidizwl  and  lobidar.  In  otlier  eases  ULMlular 
patches  varying  from  the  size  of  a  iienip-secd  t<i  ttiat  of  a  (lea  are 
i^een  in  various  j)arts  of  the  lung.  Tliese  consist  i>f  masses  of 
jund  cells,  and  show  an  early  tendency  to  degeneration.     More 
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or  less  lioiiinrrlyuirii"  nixl  ratnrrlml  inflammation  of  the  alveoli  flir- 
njiinUiiig  these  uodiik-s  may  be  pn-seiit. 

ACTINOMYCOSIS. 

Actinomycnsis  is  a  nire  at^'cction  of  the  lungs.  It  may  remit  j 
from  the  ilircct  extension  of  actinoniycix'-is  of  tlu'  lymphatic  ti^SDeaj 
ami  cellular  stnutiires  in  the  anterior  or  posterior  mecliastimim, ' 
when  there  are  foniieil  in  the  pnlmonary  tissue  fistulous  necnitic 
tniets  eontaininir  more  or  less  eheesy  and  punilent  raatorial.  in 
wlrieh  the  eliantct<Tistic  yellowish  aetinomyeosis-gninnlri-  ai? 
fonrid.  The  latter  on  iiiieroseopie  study  show  the  aetinoinyce*, 
Tlie  infection  may  also  takf  place  hy  a  prudual  descent  'if  the 
process  from  the  mouth  or  upjwr  respiratory  passages  along  th« 
traelua  an<l  hnmelit  to  the  lung;  or,  more  commonly  still,  br 
aspinition  of  the  infective  agents.  In  the  latter  ca.ses  nodulos 
eoDsisHnir  of  nnuid  cells  arc  formed,  and  present  themselves  as 
gnivisii  or  gravish-rccl  putclics  varying  in  size  from  that  of  a  pea 
to  that  of  a  cherry,  and  showing  a  decided  tenilency  to  fatty  Jp- 
generation  and  purulent  softening.  The  surroimding  lung-tissiie 
is  eoininonly  cousolidatcfl,  and  ]>resents  the  ap]H>a ranees  of  piinili'Dt 
and  catarrhal  i>r  even  hemorrhagic  pneumonia.  In  many  oa*s 
there  is  also  a  manifest  tendency  to  pr(«luctive  changi-s,  whii'li  l«i<l 
eventually  to  tlic  formation  of  inon'  or  less  tihrous  tissue  within 
the  alveoli  ami  in  the  intei-alveolar  and  interlolnilar  connective 
tissues.  Not  nirely  this  indurative  process  completely  surrounds 
areas  of  degcnemtion  and  softening. 


TUMORS. 

The  lungs  are,  com|>ar.itivcly  speaking,  a  rare  seat  of  tuaiors. 
though  a  variety  of  hoth  ]trimary  and  secondary  growths  mTiir. 

Connective-tissue  Tumors. — Small  wn\n\aT fihromaln\a.\(: 
o<^casionaily  hecn  oliscrved  seattercil  through  the  lungs  in  the  jK'ii- 
Itronchial  connective  tissue,  and  a  few  instances  of  similar  iiixIiiIh 
of  fipoiiiii  arc  rcconlcU.  Chonflrniiuf  is  more  common  than  citliff 
of  these,  and  doubtless  takes  origin  t'rom  the  |KTihronchial  osirli- 
lages.  Secondary  chondroniata  have  been  observetl  in  carses  »( 
chi>ndroma  elsewhere.  True  Mfronin  is  rare,  but  more  frequentlv 
ossilicatitiiiof  scierotie  areas  is  met  with  in  instances  of  pncMiawio- 
koniosis. 

Sarcoma  is  the  most  frccpient  connective-tissue  tinnnr  of  thf 
lungs.     It  may  originate  in  the  lym]ihalir'  glands  surnmndiii^  tli'' 
brfinchi  in  the  roots  of  the  lungs,  from   the  lymphatic  no<lfs  ^^^    J 
rounding  tlie  smaller  bronchi  within  the  lungs,  from  the  lymphatio  ■ 
vessels  themselves,  or  fnmi   the  sul)pleural   or  other  coiuiii-tivi'   H 
ti».sue  of  the  iimg  itself.     Primary  s;ircoma  is  less  common  than 
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secondary.  lu  one  form  it  present^s  itself  as  mundi'il  masses  of 
pmyisli  <ir  ycllnwisli  ciiior  Iviiiff  aroiiDil  tlic  hnmelii  in  tlie  rcntt 
of  thi-  Iiuijr  ( Fitj.  217).  (^n  sei'tion  tlirmiirli  tliir-  it  is  stM-ii  to  con- 
xist  of  mon;  or  less  eiilar^reil  ami  transtiiniit-d  lym|iliatic  ^'laiu]^, 
and  there  may  Im-  s<'<'oii(Iary  muliiK's  s<'attiTo«l  tliri>iiirli  the  lung. 
This  form  of  sareoma  is  jwrticiilarly  (■(inimoii  in  jmi-nnionokonioHia, 
xs  !*en  in  the  tihroid  lung.s  <if  the  eohalt-miners  of  Sehneelx-rg. 
Primary  sarcoma  may  also  be  of  the  form  railed  tuflothdiiimn.  The 
lymph.itic  vessek  :::  the  peribronchial  tissue  heeonie  fillwl  witii 
j>n>lifenite<l  e-eljs,  and  their  raniiHeation  may  he  distinetly  visible  on 
sf-i'tion  as  a  network  traversiiitr  tin'  juiimiinary  tissue.  Primary  sjir- 
i-oma  of  the  s|tindle-eell  or  i-ouiid-i'cll  variety  may  spring  fnjm  the 
KubpleuRil  eonneetive  tissue.  ( Jiant-eell  siireoma  has  been  observed. 
Secondary  sarcoma  is  extn-mely  eommon.  It  is  seen  in  nearly 
all  instanees  in  whieh  metastasis  has  (K-eurriHl  from  a  primary 
growth  in  any  part  of  the  Ixnly.     In  these  cases  there  are  foimd 


^**"  ST.— LTOiphosarcom*  of  th«  iio»l-tironfhl«l  vlitmls.  Invdlliie  the  lung,  the  lung  ii 
tllviUcd  tiy  a  liiuj;  Inclalon  and  the  halve*  laid  ojjen. 

J^^'IInlcfinwl  n(Mlules  of  varying  size,  situated  fi»r  the  most  juirt 
^■i»r  the  surface  of  the  lung  I  Fig.  218).    They  are  whitish  in  color 

•*'l  (end   to  s<iften.     The  lung-tissue  between   may  be  eongest<'d. 

I  *ti«j  fliere  may  even  be  pneuinonie  eonsolidatiou.     Seeon<Iarv  sar- 

f  »Ua  of  the  lung  may  also  ooeur  from  <lireet  extension  of  nietliasti- 

*^'»l  •aretima  or  of  surcfima  in  other  of  the  surrounding  structures. 

At>  interesting  type  of  secondary  involvement  of  the  lungs  by 

wreottui  or  a  pnx-ess  resembling  san-oma  occurs  in  what  is  termetl 


>wth  wu  ttUehed  t»Ui< 

Bpithelial  Tumors. — Corcinoma  is  practically  the  onlvfom 
to  hv  ciHi.siilcrciI,  tiiiiugli  (ufcvoiiifi  fif  the  lung  has  been  dcscrlM. 
CarciiKiriiii  of  the  lung  ir<  wrtainly  less  fn'<iu(>nt  than  was  formerly 
bi'lii'Vt'd,  sjirt'iinia  having  In-t-n  confiisfd  with  it.     Massive  iiiDwr 
may  start  from  the  niiifdus  gliiinl«  uf  tlie  larger  hnmchi  near  th« 
root  of  the  lung.     The  tiuuur  la  irregular,  soli,  and  tends  to  ulct'^ 
ate  in  the  center,  farming  eavitii'S.     Secondary  nodules  within  th? 
Iniig-tisstie  are  seen  siirmg  the  lympliatie  ves.sels  surrounding  iIk' 
bronchi.     Primary  eareinonia  inay  also  start  from  the  ejiitheliiira 
of  the  tiner  broneliial  tubes.     Tiie  [inilifenition  soon  j)enetrates  the  J 
wall  of  the  bronelius  and  extends  along  the  lymphatic  vessels  in" 
the  peribrtmchial  connective  tissue.      In  this  manner  bands  of  new 
growth    are  seen  tniversing   the    lung.     Occasionally   si'jnamon*- 
celled  carcinoma  may  originate  in  the  epithelium  of  the  terminal 
bmnchioles  and  alveoli. 


DISEASES  OF  THE  RESPIRATORY  SYSTEM, 


495 


Secondary  carcinoma  of  the  lungs  is  less  fi*equent  than  sccond- 
iry  sarcoma.  It  may  ixiciir  hy  niftusta-sis  from  cancer  (■lse\\}RTe, 
111  in  these  instauoeg  the  apjx'arjiice  i»f  the  ruMliiles  is  mucli  the 
(same  as  that  of  sjirronia.  Secontlary  cancer  of  the  lung  may  also 
result  from  extension  of  esophageal  carcinoma  or  of  cancer  of  the 
breast  penetrating  the  thonicic  walls  and  pleiini.  Finally,  in  ear- 
cinoma  of  the  upjier  res[iir,iti)n.'  pissages  or  of  the  month  inhalati<m 
of  cancerous  particles  may  lea<l  to  M'ciindary  iKxhiles  in  the  lungs, 
associated  at  time^-with  areas  of  l)n)neho-pnunmimia. 

Cysts. — Congenital  cysts  have  heen  deserihed,  Imt  they  are 

[»robably  merely  dilatations  of  the  l)ninrlii.  Aih'nomatous  pro- 
iferation  of  the  epithelial  lining  of  siH-h  dilatations  may  take  place. 
Dermoid  cysts  are  rarely  eneonnteretl.  They  may  discliarge 
through  the  bnjncliial  tubes. 

PARASITES. 

Besides  the  specific  and  pathogenic  inierft-orgjinisms  that  have 
been  referred  to  as  (X-curring  in  tuberculosis,  pneumonia,  and 
other  infectious  iliseases,  various  furms  of  hact4Tia  and  nmuld- 
fun|;i  are  met  with  as  accidental  and  non-sp<'eifie  panisites.  Such 
aicro-<)rgiinisnial  nollccfions  arc  most  fretjiient  in  areas  of  gjui- 
jrene,  in  degenerated  infarcts,  and  in  dilated  hrouelii  or  tnliercular 
^vities.  Sarcinte,  a  form  of  leptothrix  resemljling  that  seen  so 
ftequently  in  the  mouth,  and  .s<'veral  varietii's  of  aspergillus,  liave 
3een  noted.  The  gencnd  l<'rm  I'niiutinufniii/fnjiiK  nuperf/i/lhia  i.s 
ipplie«l  to  the  occurrence  of  the  last-named  niould-fmigi  in  the 
lungs.  Sometimes  they  are  so  ahundnnt  that  tluy  are  reatlily  dis- 
30vere<l  in  the  sputa;  and  it  is  likely  tliat  certain  inHammatory 
sonditions  of  the  lungs  are  directly  due  to  such  organisms.  The 
sliuical  course  may  suggest  tulH'rciilosis,  and  pathologically  dilFuse 
or  irregular  consolidation  of  the  lungs  may  characterize  such  cases. 

Animal  Parasites. — Of  the  lowest  forms  oi'  animal  life  or 
protozoa,  the  Mnnas  lens,  cercomonas,  and  paramecium  have  been 
ol>served.  These  are  entirely  a<'cidental,  oi'curriug  in  cases  of 
gangrene,  putrid  bronchitis,  and  similar  conditions.  The  class  of 
verm€«  furnishes  the  more  imjwirtant  parasitic  affections  of  the 
lungs.  The  DiMfnni'i  jinlmnnnlf  is  imt  infrc(|Uent  in  parts  of  Asia. 
It  (x'ciusions  serious  hemnptysis.  The  Slrtnif/if/iix  hiiijvFtKjinatun, 
echincxytcrHH-i-ijKtu,  an<l  ( '^.i/irrn.-vii  ftUid'mc  are  fiecasionally  seen. 
PaUastomum  detiliculalwn  has  been  observetl. 


r  THE   PLEURA. 

Anatomic   Considerations. — The   jdeura   is  a  membrane 
com|K>sed  of  filirillar  connective  tissue  and  elastic  fibers,  ctmtain- 
a  rather  abundant  network  of  capillaries.     It  is  lined  on  the 


Uu;  a  rather 
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surface  witli  a  single  layer  of  flat  eiulotiu'lial  cells,  between  whic! 
tlieix-  are  iipeniiig.s  froru  the  pleural  cavity  into  the  ^^ulipleiirjj 
lymphatics.  The  latter  form  a  ricli  netwurk  in  the  iiuhpleural 
Cfiniieetive  tissue  anrl  ]ilny  an  iinpurtant  |wrt  in  the  |xitliolagic 
processes  att'ectiufr  the  ph.'iira. 


CIRCULATORY  DISTURBANCES. 

Passive  hyperemia  cKcurs  in  various  disease*  interfering 
with  the  respiration,  and  still  more  intensely  in  ca.ses  in  which 
there  is  pressure  n|Km  the  azypos  veins  or  diffuse  intrntlieniclr 
pressure. 

Petechial  hetnorrhages  may  occur  when  the  eonjiestion  i- 
intense.  They  are  particn!:irly  freipient  anil  pi-oniinent  in  tu«w 
of  death  from  sutfHeation,  hut  are  also  seen  in  various  dis<)^^lf^ 
oftheliliiod  !ind  hcniorrha^rie  diatheses,  such  as  pernicious  anemia, 
piirpuni,  and  infuxieatimis  id'  varimis  kinds. 

Hemothorax  is  the  term  applie(I  tt.  ihe  presence  of  free  liluid 
in  the  pleiind  cavity.  It  may  In-  due  to  wnuudsof  the  chest-w.ill, 
causiu}^  rupture  of  hli><Hl-vess<ds,  to  fracture  of  the  rihs,  and  to 
rupture  uf  aiieurysnvs  into  the  ]>leural  sae.  In  some  eases  tin' eti- 
ology is  ohscure.  If  the  pleura  is  in  a  healtliy  i-ondition  andsM- 
ondarv  infection  does  not  take  ]>laec-,  more  ot  less  raj)id  ahsor|)tioD 
of  tlie  blood  ensues.  \Vlieii  intectioti  occurs,  secondary  iiiHani- 
ruations  of  tlie  |)leura  and  disorir.inization  of  the  1)1<kk1  result, 

Hydrothorax,  or  di-opsy  of  the  ph-und  cavity,  may  l>e  Imta 

I)art  of  a  generd  edema  oecrurring   in  elironic   kidney-diseaiw  or 
ieart-<lisease.      It  is  usually  hilateral,  and  tlie  Hnid   presenU^  the 
ordinurv  clianu'teristies  of  a   senjus  effusion.     Unilatenil   hvilr<>- 
tliorax  is,  however,  not  iid'retpient  in  cardiac  disease  attended  wilb 
great  enlargement  of  the  organ.     The  hydrothonix   in  such  KWi 
is  generally  right-sided,  and   is  pnthahly  thie  to  pressure  ii|K)n  the  J 
azygos  veins  and  tiie  root  of  tlie  rigiit  lung.     The  pleura  itself  is" 
not  particularly  disonlered,  hut  very  fn-ijuently  some  op:icity  and 
loss  of  lu.ster  is  noted,  and  there  may  he  edenui  of  the  suhpleiiml 
fihnjus  tissue.     The  lungs  are  pre.-i.sed  liackward  toward  the  n»>t 
and    agidnst   the  spinid  colutjin,  and    may  he  eonsiderahly  com— 
pressed.     UnilaU'nd  hy<l)-otltorax  may  he  due  to  pressun-  tiiwn  the 
veins  of  one  side  by  tumors  or  aneurj'sm.     A  small  amount  of 
serous  outpouring  into  the  pleund  sacs  occurs  quite  commonly  jusi 
prior  to  ileath. 

Hydrothorax  causes  eonipix'ssion  of  the  lungs  and  flisplaeenieti* 
of  the  other  adjacent  viscera.     The  seriousness  of  the  results  an 
in  prnpdvtion  to  the  amount  of  effusion. 

Pneumothorax  designates  the  pre.sence  of  air  in  the  plein 
cavities.     It  may  result  fmm  rupture  of  tuherculous  vomica',  gni 
grenous  areas,  softened  hem()rrliagic  infarcts,  or  abscesses  of  I 
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lungs,  or  rupture  oi  emphvscniatou.s  air- vesicles  beneath  the  pleura, 
allowing  egress  of  air  iiitotlic  pleura!  sac  It  may  also  (H'cur  at'ti-r 
an  empyema  hius  ni[ttiire<l  iiifn  tfie  linig  ami  estahlislicd  a  fistu- 
lous eomnuinicatiau  Wetweeu  tin-  plenml  sae  and  the  hruuetiioles. 
Very  rarely  it  is  due  to  a  penetrating  wound  of  the  cliest.     The 

ftleural  sjte  may  he  niort' or  less  tensely  distended  with  air;  the 
ung  is  ptislu'd  liaekward  against  the  spine,  is  nuH'e  or  less  gray- 
ish or  hrownisli  in  color,  indnniteil  and  airless.  The  pleura 
itseH'  may  present  no  abnormality,  and  the  air  may  lie  ahsorhed  ; 
but  verj"  frequently  infection  takes  ]ilaee,  and  purulent  exudation 
from  the  pleura  eolleets  in  the  sai-.  The  eondition  is  then  spoken 
of  as  pi/opneiimrj(liorn,v.  The  neighhoriug  organs  are  ofti'u  greatly 
displaeeil,  particularly  the  heart,  the  diaphragm,  and  tlie  liver. 
In  left-sideil  pneumothoi-ax  the  heart  may  he  pushed  far  to  the 
right  of  the  sterninn,  and  when  the  riglit  side  is  affected  the  liver 
way  be  pushed  downwattl  considerably  below  the  ribs. 


k 


INFLAMMATION. 


Inflammation  of  the  pleura,  or  pleuritis,  is  designated 

by  the  clinical  ntuiw  jifciiriMi/. 

Etiology. — It  may  rcsidt  frotu  local  or  from  general  causes. 
Among  the  local  causi-s  thi'  most  imjxirtant  are  extension  of  inHam- 
niatioD  from  the  lungs  in  the  various  forms  of  pneumonia,  in  gan- 
grene and  tuberculosis;  exten>iou  fitmi  ]iericarditis  or  mediastinal 
uiseases,  and  exteiKsion  I'rom  iutlammatory  affections  of  the  s|>iiu', 
of  the  ribs,  or  of  the  chest-vvails.  Lcs.s  directly  i)erit<initis,  hepatic 
abscess,  and  other  abdominal  affections  may  occasion  pleuritis  by 

tension,  and   in    rare   cases  perforation  of  esophageal  or  gas- 

iC  ulcers,    or    abscess   of    the    spleen    or    liver,    may    lie    the 
use. 

In  the  group  of  cases  due  to  general  causes  the  pleund  iuHani- 
inatum  is  the  result  of'  infection  or  iutoxic-ation  involving  the 
i/oiira  through  the  blood.  Thus  in  jiyenua  aiul  septicemia,  in  rheu- 
lixthm,  and  in  other  a<'ute  infectious  diseases,  and  in  Urigbt's  dis- 
ise,  acute  inrtaninuition  i>f  the  pleuni  is  not  imcomniou.  Cold 
••J  tnuinuitism  have  long  been  rcganled  as  important  causes,  but 
«*«!•  action  is  d(ud>t!ess  only  a  |)rcdi,-posing  one,  the  imnie<liate 
•-■^e  being  some  infection  for  which  the  traunmti.sm  or  the 
I*«H^ure  to  cold  has  paved  the  way. 

I  The  micro-organisms  found  in  pleurisy  are  quite  numerous.  In 
*  assises  seeon<lary  to  ordinary  pneumonia,  pncuiuoe(M'ci  are  fre- 
^Htly  dis<'overed,  and  these  micro-organisms  may  be  present 
prj      though    there   be   no  pneumonia   at   all.      In   the   instances 

n«lary   to    tuberculosis  vi'   the    lungs,   as  well    as   .sometimes 
s    of   jirimary    pleuri.<v   without    atl'cction  of  the    lungs, 

rclc-bacilli  are  discovered.     In  the  purulent  eases,  as  well  as 
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in  some  instances  of  simple  fibrinous  or  serofibrinous  pleiirigy, 
staphyloooc-oi  nnd  Btreptot-ot-ci  are  di-teote*!.  When  tlitre  ib 
ulmnilunt  ii(iiii(l  it  is  always  diffiiult  to  tliscovt-r  the  micro-orfrtin- 
isms,  nnd  in  many  instances  in  whicii  itacteria  liavi- not  been  found, 
it  is  pmbaldc  tliat  tiie  difficulty  of  their  dcmontitnition,  even  bv 
animal  experimentation,  accounts  for  tiie  failure  to  demonstrate 
them,  rather  than  their  absence.  In  rare  instances  other  forms 
iiavc  been  wen,  such  as  the  Ricillus  coli  communis,  the  typhoid 
liacilltis,  the  bacillus  of  antlirax,  and  others. 

Pathologic  Anatomy. — Several  forms  of  pleuritis  may  be  recog- 
nized, tliuugh  one  of  tiiese  merges  into  the  other,  and  a  single  ease 
may  pass  from  one  into  another  form  at  its  various  stages.  It  is 
Well,  however,  to  separate  these  stages  as  distinct  forms,  since 
many  case's  maintain  a  uniform  character  throughout.  The  forniii 
are  the  fi/jrlnoim,  nerofiOriuonfi,  purnhut,  and  tiinnorrhatflc ;  after 
any  of  these  forms  there  may  be  left  chronic  j>Ienr.il  thickening  or 
adhesions  of  a  tiliroid  diameter. 

FibrinouB  pleuritis  begins  with  congestion  and  loss  of  luster 
of  the  pleural  surface,  after  which  there  soon  follows  exudation  of 
a  fibrinous  chanicter,  formiud  a  thin,  whitish  pellicle  on  the  sur- 
face. This  may  become  yellowish  and  increase  in  thickness,  so 
that  the  pleural  surfaces  become  agglutinated,  anil  when  separated 
pri'sent  an  apjK-anince  likene<l  to  the  apjx-arance  of  two  pieces  of 
iitittered  brea<l  sej)arated  afU-r  having  been  presse*!  together 
(hniid-dntl-bulhr  plvurixii).  This  pnx-ess  may  be  confinetl  to 
small  areas  of  the  j>leiin>,  or  it  niay  be  quite  imivei"sjil.  Some- 
times it  is  limited  to  the  reflections  of  the  pleura  separating  the 
lubes  of  the  Iniig. 

Mieruseopieally  the  exudate  consists  of  fibrils  or  flukes  or 
gr.itiidar  masses  <jf  fibrin  more  or  less  intiltuited  with  round  cells.  ^ 
Beneath  this  the  endothelium  of  the  pleura  is  found  to  be  some-fl 
what  tiiiekcned  by  proliferation  and  stime  of  the  cells  arc  detacheil.  ™ 
Two  eonflieting  views  have  been  entertained  regarding  the 
origin  of  tiljrin  formation  in  the  pleuni.  According  to  one 
the  deposit  is  purely  exudative  and  the  endothelium  is 
in  nowise  involved,  being  found  intact  under  the  tihrinoua 
layer.  According  to  the  other  view  the  fibrin  fonnation  is 
partly  dependent  ujwn  destruction  of  endothelial  t*Ils.  The 
conne»'tive  tissue  l)en<'ath  the  enfiotlieliiim  and  the  sub))lennd 
connective  tissue  are  inliltnitt^l  with  miirul  I'l-lls  and  the  bloiKl- 
vessels  are  livpcTcmic.  In  favonible  cases  an<l  when  the  process 
has  been  slight  a  gradual  realtsorption  of  the  exudate  takes  place, 
and  the  integrity  of  the  pleura  may  be  restored  completely,! 
When  the  exudate  has  been  more  extensive  and  the  agglutina- 
tifin  of  the  pleural  surfaces  has  bt-en  eonsidenible,  new  blood- 
vessels from  the  <'apillaries  of  tiie  pleura  penetrate  the  fibrinous 
exudate,  fiiirobtastic  cells  develop  from  the  older  connective-tissue 
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in  snail  nambers,  and  McaaooallT  detached  emiothrIi.il  cells. 
etiine«>  the  number  of  red  ootpascles  inGnues  coifc>i<l<-nibly, 
there  may  be  a  gradnal  traiisitxn  to  the  hemorrfaafric  fonii  of 
litis.  The  amiiant  of  liqui<l  varies  from  a  few  cnbio  centi- 
r?  to  several  liters :  and  the  pleura  it>«If  shows  a  morv>  or 
extensive  coating  of  fibrinous  exudate.  The  lung  is  pivssed 
ward,  a:s  in  pneumothorax  or  hydrrtthorax,  and  the  adjacent 
OS  are  similarly  di-placed. 

"urulent  pleuritis,  <>r  empyema,  or  pyothorax.  is  always  the 
t  i>f  mi<T<»-<>rganismal  infwtion.  The  prtKi-ss  may  ln>irin  as  a 
lent  pleuritis,  or  as  a  nrimarj-  serofibrinous  pleurisy,  stxvnd- 
infection  ncrurring  either  from  within  the  IkxIv  or  through 
•ted  aspirating-instnmients  from  without  the  b<xly.  When  a 
«ition  of  the  latter  kiml  oe<Mirs  the  exudate  is  stH'U  to  beeonie 
•  and  more  turbid  ;  the  niinilKT of  piis-coqinseU>s  gnidually  lu- 
tes until  the  liquid  is  quite  piinileut.  Spontauctiiis  <lis<'iiarp'  of 
rema  may  occur  and  most  frequently  takes  nlai-e  tiirough  the 
and  bronchi.  More  rarely  niptiire  occurs  through  the  chest- 
»  anteriorly  between  the  ribs.  When  rupture  has  jK-iMirrejl 
igh  the  lung  and  bronchi  the  fistulous  communication  may 
in  open  and  pneumothorax  may  ensue. 

'ho  pleura  in  cnijiyenia  siiows  niorr  or  less  abundant  gnunila- 
,  which  in  cas<'  of  discharge  of"  the  li<|uid  sitvc  cvfiitiially  to 
!  the  costal  and  piilniouarv  plcuni  l)v  Hrm  fibrous  aillicsious, 
tsionally  the  pus  may  be  coiMplcteJy  absorln-il,  or  it  tiujy 
•rgo  gradual  inspissjition,  rcniaiuiug  as  a  more  or  less  clicrsy 
tus,  which  may  finally  Iwcome  calcareous.  Such  Irrmitiatious, 
.•vcr,  are  ran-. 

[emorrbagic  pleuritis  is  gcnemlly  the  result  of  tiibiTculous 

;tion  or  of  malignant  disease  of  the  lungs  and  |tK'iira.     I'leu- 

niay  also  tjike  a  hemorrhagic  form   in  old  and  cartirctic  in«li- 
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vitluals,  or  in  p<Tsi>ns  sutfcrin^  from  sciin-y,  purpura,  and  siniikr 
discast's.  Ah  a  rule,  tlii'  lifjiiid  is  .si-rmis,  with  considersiliic  a<iniixt- 
urt'  of  biiKw],  Uut  ill  (iilicniiioiis  and  malignant  pleuritic  it  is 
sometinif.s  wfll   iiif^li  pure  1)1<xk1. 

Chronic  Pleural  Thickeningr. — This  term  is  used  to  include 
cases  of  tliiclcciiing  <>t'  the  pleural  membrane  following  various 
forms  of  pleurisy,  and  also  cases  of  a  progressive  pnKliietive  char- 
acter. To  the  latter  the  term  cliroiiic  jilt'iirisy  is,  strictly  s|)eaking, 
mnrt"  pro{H!rly  a|)plieal)le.  In  either  case  the  pleura  is  tliickenni 
by  fibrous  overgrowth,  sometimes  uniformly,  at  other  timw  in 
tile  form  of  localized  thickenings  or  adhesions.  The  subplcuraJ 
piilmijuary  tissue  may  become  implicate*!.  Eventually  the  thick- 
ened jdeurit  contracts,  and  if  adherent  to  the  chest-wall  niaj 
C!ius(>  retructiiius.  The  |)ulnion:iry  tissue  is  compressed,  but  the 
bronchi  not  rarely  becoiac  atelectatic. 

Associated  Lesiong  in  Other  Parts. — Tiiough  pleuritis  is  fn>- 
{[uently  the  result  of  acute  or  chronic  attections  of  the  Iiing.'il 
often  occasions  spcondar\-  disttrtlers  in  tlu'  latter  organ.     The  snli- 
ph'tiral   lyiiijiluitics   are  comriiouly  disleiided  with  cells,  aiul  tin- 
inllanutiatory  [ii'ocess  may  e.xleml  for  cmisiderable  distances  ahiii)! 
these  clmunrls  into  the  iiitirlnbidar  septa   ol'  the  lung.     In  em|i_v- 
ema    the    n>snlting   piirulcnt    lyinphittigilis  and    perilymphaiijritift 
lead  to  striking   lyatlmlngic   apjieanmees   (.see   Pneumonia).    Tlii' 
lung  also  sutlers  fmni  direct  prcssiuv  in  serous  and  purulent  pleu- 
ritis.     If  the  compression  to  which  it  is  subjected  is  not  relieved 
liy  absorption  of  tlie  lit|uid,  or  by  its  removal  by  aspiratinn,  tlic 
alveolar    <'pitlieliiiiti    degeiK'nites   and    })rolifer!itive   intlaninmtiou 
takes  jihice  in  tlie  connective  tissue,  so  that  a  permanent  contrar- 
tion  of  the  bing  rcsult.s.     The  removal  of  the  licjnid  at  fhi.'*  stagr 
i.s  not  fbllo\ve<l  by  the   return  oi'  the  lung  to  its  proper  .size  ami 
function.     On  the  contrary,  the  i-emoval  or  absorption  of  the  iiqiiiil 
in  these  ca.ses,  especiallv  when  they  occur  in  young  children,  caiiH'* 
a  sinking  in  of  the  ribs  and  ciirvatuix'  oi'  the  sjiinal  column,  awl 
the   heart  and   f)ther  adjacent   organs   may   be   p<Tmanently  <lis- 
plaecd.     Most   remarkable   deformities   of  the  chest  may  occur. 
Le.sa  extensive  contraction  of  one  side  of  the  chest,  or  displnce- 
nient  of  the  heart,  may  result   from  the  contractitm  of  \yaa<ls  of 
ailhesions,  without  marked  <'ollapsc  of  the  lung. 

Pathologic  Physiology. — Acute  pleurisy  occasions  marked  Incal 
symptoms,  beginning  with  shar|>  pain  on  the  side  affected.  Thi* 
is  usually  due  to  the  local  inflammation  and  rubbing  of  thoB 
aft'ccted  part.s.  There  may,  however,  l>e  extensive  neuralgic  pains  ■ 
radiating  from  the  center  of  infection.  With  the  development  of 
effusion,  the  pain,  as  a  rule,  sui>sides,  as  does  also  the  irritative 
cough  which  attends  the  first  stage,  but  shortness  of  breath  de- 
velops in  correspondence  with  th(  ~  ~  . 
tensive   effusion    in    the   chest   may,  However,  cause 
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niarki-il  j>aiu  and  temleruess  tlian  dry  pleural  infianimution.  The 
infection  in  sini|ile  |>Ieiirisy  seems  to  he  a  mild  one,  as  fever  and 
consiitutitHial  symptrtms  are  rarely  marked.  Sometimes  the  tem- 
perature is  a  rtiictiiating;  one,  and  sweating  and  eonstitiitional  de- 
pression further  suggest  suppuration,  though  the  effusion  is  purely 
serous.  Irregular  fever  and  constitutional  symptoms  of  the  kind 
indicated  are  habitual  in  empyema. 

INFECTIOUS  DISEASES. 

Tuberculosis  of  the  pleura,  or  tuherculuus  plcuritis,  may  be 
either  j»rimarv  or  seconthiry.  Cases  of  the  fornuT  are  eonipara- 
tively  rare.  In  most  instanees  the  pleural  disease  is  seeondarv  to 
tuberculosis  of  the  lungs,  or  to  tul>ertrulosis  of  other  adjoining 
parts.  Hematogi'iitc  infection  may  occur  under  the  same  eiui- 
ditions  as  heniatogeni<'  infection  of  tiii-  timgs,  and  frequently  the 
lungs  and  pleune  are  studiled  with  miliary  tubercles  at  the  same 
time. 

When  tfic  pleural  disease  is  se<'ondary  ti>  tubercultisis  of  the 
lungs  the  appearances  varv  considerably.  In  n\anv  eases  small 
gray  or  vetlnw  tubercles  arc  liumd  in  tlic  subjilcund  eoimcctive 
tissue  and  in  the  j)leura,  and  the  .surface  nuiy  be  coated  with 
fibrinous  exudate,  while  the  cavity  of  the  pleura  may  Ire  more  or 
less  distended  with  s<Tofibriuous,  hemorrhagic,  or  purulent  litpiid. 
Xot  rarely  the  liquid  effusions  arc  n^absorlu'd  aiul  dense  a<lhi'sionrt 
are  formed,  or  great  thirkeniug  i>f  tlic  [dcura  results.  .Sonietirni's 
considerai)!c  calcifit-atiiui  of  tlie  thickened  pleuni  and  of  the  in- 
spissated exudate  is  t!i(>  terminal  result.  Tiie  tubercle-bacilli  are 
oflcn  difficult  to  dcutunstrate  in  the  litpiid,  even  by  injections  into 
animals,  though  they  may  be  present  in  tlie  pleura  itself. 

Ssrphilis  of  (he  pleura  is  a  doubtful  condition.  Fresh  pleuriti.s 
may  be  fonnil  in  the  ncighbdrlnMul  of  a  sy|)liilitic  gumma  ;  and 
there  are  ca.s«'s  of  considcndilc  pleural  thickening  in  syjdiilitic 
persons  in  which  the  diwase  may  possibly  be  syphilitic,  though 
in  these  eases,  as  in  similar  indurative  conditions  in  the  lungs, 
there  is  considerable  doubt  as  to  the  essential  nature  of  the  disease. 


TUMORS  AND  PARASITES. 


Tumors   of  the  pleum  are   eomparatis'cly  rare.     Fihrovi'ifit 

and  lijiomnl'i  are  iH'casionnlly  seen  as  snudl  noilular  masses  in  the 

^  serous  or  subserous  coat  of  the  costal  or  visceral  pleura.      ( 'fion- 

^^dromata  and  even  OKfrmnula  have  been  observed.    More  fretpicntly 

calcification  and  ossification  of  portions  of  the  thickened  pleura 

take  place  after  plcuritis. 

Primary  sarconui  may  spring  from  tlu'  subphuiral  connective 
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tissue,  and,  ucconling  to  Coats,  is  especially  common  in  cliiidren, 
and  is  most  rretjut'ntly  of  the  spindle-eell  variety.  Priinarj'  nuh- 
thelioma  of  the  pleura  has  been  studied  by  a  number  of  investiga- 
tors. In  a  case  under  my  observation  it  presented  itself  as  i 
more  or  less  uniform  thiekeninif  of  the  pleura  of  one  side,  involv- 
injj  the  diaphnif^inatie  reflection  in  particular.  The  cjivilv  w« 
filled  with  hemorrhagic  fluid,  and  there  were  some  nodular  enlurg*- 
ments  on  the  surface  (Figs.  219  and  220).  This  is  the  usual  ap- 
pearance prcsenteil.  Metastasis  may  o<"eur  in  the  lung  Ijoneath 
the  diseased  pleura,  or  even  in  more  distant  parts. 


f 


kf^>f' 


>^.  c 


Fio. 219.— KndothcUomn  of  pleurn.  tl..    i 

tbe  Intijf  was  rompri'MLMl  itiii)  iiiyuucm  \<y  >i.-i- 


i 
'.9\iilon. 


imiirj   initluitji. 


Secondary'  tumors  of  the  pleura  may  occur  by  metastasis  or  bj 
direct  extension.  In  tlie  former  manner  tmrconinta  and  aircino 
main  sometimes  involve  this  structure ;  by  the  latter  method 
involvement  mammary  tumors  and  new  growths  of  the  medii 
tinum,  the  ribs,  or  other  adjacent  structures  may  extend  to  th 
pleura. 

Parasites. — Eehinococcus  cysts  may  originate  in  the  sut 
serous  connective  tis.-sue  of  the  costal  or  the  visceral  jileura,  an 
may  rupture  into  the  pleural  cavity.     Psorospermise  have  l>e€ 
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Fia  25).— Micruacupic  m.ciiuu  Uuiu  lac  i>rvc<:diuti  inuniratlon. 

found  in  pleural  effusions.     The  Anveha  coli  has  lieuu  Jouud  in 
tiie  pus  of  empyema  I'oUowiiig  liepatie  abscess. 


CHAPTER   V. 


DISEASES  OF  THE  Q ASTRO-INTESTINAL  TRACT. 

THE    MOUTH. 

CONGENITAL   ABNORMALITIES. 

The  most  frequent  defects  in  the  development  of  the  mouth 
are  defl  palate  and  harelip.  In  the  former  of  these  the  entire 
hartl  palate  may  be  divided,  fjcnerally  to  one  side  of  the  middle 
line  ;  and  there  may  he  a8sociate<l  harelip  and  fi.s.^ure  of  the  s^oft 
palate.  Anteriorly  the  divi.'-ion  occur.--  hctween  tlx-  su|)erii>r 
maxillary  tjone  and  the  intennaxillarv  hone,  the  (itisurc  of  the  lip 
being  also  to  one  side  and  often  e.xtendinj;  into  the  nostril.  The 
soft  palate  is  divided  ahmg  the  nnddle  Hue,  and  the  nvidu  may  he 
eeparated  into  latcnd  halves.  The  lip  may  he  eleft  on  lioth  sides, 
so  that  there  is  a  small  ccutnil  j»ortiou  conn<'cted  with  the  sejttum 
of  the  nose  and  .'icparated  from  the  lateral  ])ortions  of  the  lip. 
Harelip  is  more  frequently  una.-sociated  with  cleft  jialate. 

Complete  absence  of  the  lips ;  or  unusual  shortness,  especially 
)f  the  upper  lip;   excessive  largeness  of  the  mouth  l)y  extension 
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of  the  fissure  outward  toward  the  ear;  and  imperfect  developmtnt 
of  the  lower  jaw-bone,  are  rare  congenital  conditions. 

CIRCULATORY  DISTURBANCES. 

Anemia  of  the  iihicou.s  nu"ml)rant's  of  the  month  i>i  seen  in 
casen  of  <i('ni'r.ii  aticiniii,  :iii<l  is  often  one  of  the  most  strikin;;  pvi- 
denecs  (if  th-.tt  conditinii.      It  is  particulariy  noticeable  in  tlir  lip?. 

Hyperemia. — Artiri'  lufin-mnin  (M'curs  in  the  early  |VTiiHlnt 
various  inHaintiiatinns,  while  p<tMitirc  fii/perrmia\s  met  with  u>  the 
result  of  oljstriietion  of  tlie  circulation  in  pulmonar>'  and  cardiac 
diseases. 

Hemorrhages  in  the  form  of  small  jK-techiaj  occur  in  pur- 
pura uu<l  other  heiuurrliagic  tliseases,  and  sometimes  in  infectiuus 
fevers. 

INFLAMMATION. 

Inflammation  of  the  miicotis  luciiilinine  of  the  month  is  termed 
donutlilix ;  iiiHammation  of  the  tongue  is  desif^atc<l  by  tlie  nanw 
yloxMti.t. 

Stomatitis  may  be  of  varying  character  and  intensity. 

Catarrhal  stomatitis  may  result  from  direet  irritation  by  hnt 
litjiiids  or  eh('nii<'al  substances,  or  may  occur  in  depresstnl  cnnili- 
tious  of  the  jxeneral  system,  ]>ossibly  as  a  conswpiencc  of  infcftii>n. 
it    is    more    common   in   children  than   in  adults.     The  niucoiis 
membrane  of  the  month   is  red  and  usually  covered  with  i-on- 
siderable    liquid    exnihition.     W'iieii    the  iiiHanmiation  is  intonfe 
small  vesicular  cysts  may   form   tVoiii  distention  of  tiic  nuicous 
glands,   and    even    localized    erosions   may   apm-ar.      When  llw 
intlammation  lias  continued  for  a  long  time,  or  has  been  rei)cal«l, 
there  may  form  upon  the  surface  silvery-white,  slightly  elovatcd 
sjMits,  whicli  result  from  a  hyperplasia  of  the  epithdiimi,  a  furm 
of  kn'dhixlif.      This  (vmditiuu  has  been  designated  by   the  nami! 
of  Iriikopltiki'i. 

Mild   catarrhal   conditions   of  the   mucous   niembmno  of  tlie 
mouth  are  esjiccially  common  on  the  tongue,  the  epithelium  of 
which  constantly  desquamates.     In  the  course  of  gastrf ►-intestinal 
and   other  tliseases  the   desfjuanuition   may   be   more  active,  tin- 
cells,  however,  Ix'ing    it'tnined    u(m»u    the    suri'ace.      Portions   of 
food  and  bacteria  cling  to  the  masses  of  desquamated  cells,  and  in 
this  manner  the  whitish  or  brownish  furrivp  of  the  toiigiir  so  J 
commonly   met  with   in   various  diseases  is  formed.     Sonurlimes' 
the  heaping  of  epithelial  cells  takes  place  in  localized  areas,  and 
extends  in  peculiarly  irregular  jwitehes,  which,  from  their  n-senv 
blance  to  maps, have  given  rise  to  the  term  "geographical  tongue.' 
In  chronic  cases  the  whitish  sp(jts  of  Inukojilakia  alluded  to  alxjv 
are  formetl.     Psoriasis  of  the  tongue  presents  lesions  anologoii 
to  those  of  the  skin. 
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Aphthous  stomatitis  occurs  in  eliiklreu  imtlot-  cmulitiuns  of 
malhyfriene  and  dcliility,  or  as  a  result  of  jpistm-intestinal  and 
other  diseases.  Lueal  irritation  ot'tni  jilays  :iii  iinjmrtant  part. 
There  apjK"ar  in  tlie  niiu'uns  ituTiiUmae,  es|)ei'i:d!y  of  tlie  lower 
lip  and  ^LT'inis,  small  whitish  spots  lying  ujKin  an  inHained  Imse. 
Usually  these  arc  separated,  hut  sometimes  eonflnenee  occurs, 
thoujfh  there  is  rarely  extensive  spreading.  The  whitish  mem- 
brane covering  or  constituting  tlie  sjiots  is  composed  of  degener- 
ated ei>itlielium  ;  and  sometimes  oj'  filirin,  so  that  the  term  crfiujt- 
ous  stitmatitis  may  in  some  cases  be  applied.  The  lesions  are 
superficial  and  rarely  lead  to  actual  ulceration.  It  has  been  held 
that  the  preliminary  lesion  is  a  vesicle  ;  this,  however,  does  not 
appear  to  be  JVeipieiit,  and   is  certainly  not  essential. 

Foot-and-mouth  Disease.— .\  similar  atl'cction  uccnrs  in  ani- 
mals, j)articnlarly  in  cows,  sheep,  and  goats,  and  is  designated 
foot-and-mouth  disease.  Tiiis  eomlition  is  contagious,  anil  con- 
siderable epidemics  have  f)cenrretl  among  perscais  drinking  the 
milk  of  infected  animals.  The  s]>ecitic  cause  is  unknown,  though 
several  mien;j-(>rgauisms  havi-  been  described. 

Bednar's  aphthse  am'  small  ulcers  foiuid  in  the  months  of  suck- 
ing infants  and  situated  at  the  lateral  portions  of  the  palate  over 
the  ends  of  the  pterygoid  processes,  on  other  juirts  of  the  hard 
palate,  or  occasionally  on  the  soft  palate.  They  are  probably 
caused  by  trauniatism  occurring  in   the  act  of  sucking. 

Ulcerative  stomatitis  may  be  met  with  in  various  parts  of  the 
mouth,  especially  in  the  gums.  In  yiniug  children  it  is  freijuently 
the  re-,nh  of  malnutrition  and  lack  of  cleanliness  of  the  mouth. 
Various  .<aprophvti(^  miero-org-anisms  normally  found  in  the  mouth 
may,  under  .suitable  conditions,  aid  in  the  jiroductiun  of  ulcerative 
stomatitis.  Among  these  the  Le[»tothrix  buecalis,  lodococens 
vaginatus,  liacilUis  maximus  buecalis,  .Spirillum  sputigeuinn,  and 
Spiiixdueta  dontiiim  have  lieen  isolateil.  In  various  caclieetii^  dis- 
e-ascs,  particularly  in  scurvy,  the  gums  become  soft  and  spongy 
and  tend  to  ulcerate.  Mercuric  and  otiier  forms  of  poisonmg  may 
lead  to  extensive  ulcerations.  DeejK'r  nlcenitions  are  found  upon 
the  sides  of  the  tongue  or  the  iimer  part  of  the  lip  in  cases  of 
injury"  due  to  the  .sharp  edgt'S  of  liroken  or  carious  teeth.  Ulcer- 
ative stomatitis  may  be  seeondarv  ti>  necrotic  conditions  of  the 
bones  or  su'{)pur;»tive  inflainaiations  about  the  roots  of  teeth. 
I^lcenjtion  beneath  the  tongue  is  met  wi(h  iti  m.iny  cases  of  wlioo|->- 
ing-cough,  and  is  due  to  the  irritation  of  the  teeth  in  the  paro.xysms 
of  coughing. 

In  firdinarv  ca.ses  of  ulcerative  stomatitis  the  gums  at  the  junc- 
tion with  the  teetii  become  reddened  and  soft,  and  nuiy  present 
hemorrhagic  intiltration.  I^atiT  the  epitheliiiin  of  the  snrtace  is 
destroyed  and  o]M-n  ulcers  result.  Considcndih'  sujvpuratioii  may 
occur,  and  the  teeth  may  Ijc  loosened  and  dislodged. 
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A  form  of  disease  ahout  tlie  necks  of  the  teeth  and  <iecondarilv 
involving  the  gums  lia.s  been  termed  pyorrlnea  uirfolarU.  Tlih 
condition  seems  to  result  from  some  constitntional  disicase  closeh 
aliii'd  In  gout.  Tlie  ii<r;iineiit  of  tlie  tootli  is  first  inflamed;  sec- 
ondariiv  retraction  ami  suppurative  intlammation  of  the  giiras 
oeiMir.  The  disdiurgc  of  pus  from  the  gums  surrounding  the  teeth 
gives  thi'  disease  its  iiiime. 

PseudomembTanous  stomatitis  is  most  fn^piently  due  to  the 
action  of  the  haeiihis  of  diphtheria,  and  is  therefore,  sirirtij 
speaking,  iliphth<-ria  of  the  month.  It  is  nsuallv  secotulan- tn 
pharyngeal  dij>hthi'ria,  hut  may  occur  primarily  upon  the  lip*  or 
other  ijarts  of  the  mouth.  In  some  cases  of  aphtlious  8tomatitii 
tlie  lesion  is  in  reality  a  ]>sendomenibranous  one. 


i. 


Fia.  221.— CMC  of  noma  (Children's  Hn»pltBl>. 

FhlegmonouB  stomatitis  is  more  c^tromon  in  the  lips  than 
in  other  parts  of  the  mouth,  and  may  be  the  result  of  trau- 
matic injuries  with  intense  infection,  or  a  sec<indary  conilitiou  alter 
facial  erysipcla.s  or  other  cellular  inflammations  of  the  face.  Th( 
lips  and  cheeks  may  he  greatly  swollen,  and  suppuration  ma; 
occur,  forming  abscesses  which  tend  to  rupture  into  the  mouth. 
chronic  form  of  inflammation  of  the  deeper  tissues  of  the  lips  mav 
lead  to  hypertrophy.  This  is  especially  common  in  the  upper  lip 
as  the  result  nf  long-standing  coryza  or  eczema. 
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Gangrenous  stomatitis,  or  noma,  affects  the  mucous  meinbraiie 
of  tlif  fliet'ks,  anil  m'curs  iu  ill-nnurislii-*!  fliildri'U,  esiK-ciiilly  aiUT 
n»ea8le:^  and  other  infrctktus  ii-vcrs,  TluTf  is  fciriiiwl  a  >li»Uffhiii}j 
ulcer  on  the  inner  side  oi'  the  cheek,  and  inHaniniatiiiT  iudunttitiu 
involving  the  entire  thiekness  of  the  elieek.  The  t^kin  at  first 
presents  a  ilark-riKl  or  hhiish  dis«)loration,  and  later  extensive 
(Ifstnietion  (gangrene)  may  occur  (Fig.  221).  The  pitliologic 
changes  are  those  of  a  rapid  necrosis  of  all  the  tissues,  and  miero- 
organismsof  suppuration  or  other  saprophytes  are  usually  present. 
Pseudndiphthcria  bacilli  have  been  fouml  in  a  consitlerable  uuin- 
l«er  of  cases.  Putrefactive  changes  cause  a  fetid  odor.  Intense 
eeptic  infection  and  intoxication  generally  attend. 

Associated  Conditions  in  Stomatitis. — In  many  eases  the 
indanunatiou  inaye.\teii<l  from  tin- Jnticnus  jui'udirane  of  the  mouth 
j><»steriorlv  to  tli<'  pharvn.x.  V<'ry  eommnuly  the  lymphatic  glands 
of  the  neighlwrhood  ari?  invnlved,  and  eulargcmeut  of  the  sub- 
niaxiilary  or  even  the  c«Tvical  glands  is  eouinuudy  observed.  In 
some  cases,  especially  in  merciunal  stomatitis,  the  sidivury  glands 
are  eoincidently  or  eonseeutivi'ly  swollen  and  iuHamcd.  Increased 
flow  of  sidiva  (ptyalisnr  nr  siali>iThea)  is  a  fVe(|uent  symjitoni.  In 
intense  cases,  esjK'eially  in  gjingrnrous  stomatitis,  iKircnchyniatous 
degenerations  of  other  orgjuis  may  result  from  general  toxemia. 
I  Glossitis. — Superficial  eatarrliaS  inflammations  have  been 
referred  to.  More  extensive  inflanutuitions  of  the  tongue,  leading 
to  parntchytnatouH  glotmitU,  may  result  from  injuries,  especiidly 
when  accomjtanied  by  infection.  The  entire  organ  may  in  these 
cases  be  .swollen,  and  there  is  round-cell  infiltration  with  a  ten- 
dency t<)  suppuration.  LfM-jdized  pareuehyinatoiis  glossitis  M'ith 
ulceration  may  ot^cur  t'nmi  injury  by  carious  teeth. 

Hnnilidcral  glosititUi,  sometimes  attended  with  the  formation  of 
herpetic  vesicles,  is  occasionally  ob.scrved,  and  is  protmlily  dejK'nd- 
ent  upon  disease  of  the  chunla  tyuipani  nerve. 


ATROPHY  AND  DEQENERATIONS. 

Atropliy  of  the  tuuscles  of  the  tongue  and  elieek.s  mav  occur 
in  a.ssoi-iation  with  nervous  disea.ses  (bulbar  palsy).  Physiologic 
atmphy  of  the  gums  f<illows  lo.ss  of  the  teeth  in  oM  age. 

Degenerations  of  the  mucous  menilmme  usually  accompany 
inflammations. 

Under  the  name  of  niijriiirx,  or  hlnck-tonf/ur,  is  described  a 
form  of  In-pertrophy  of  the  papilhe  of  the  tongue  witli  ]>igmen- 
tation.  Tiie  dorsum  of  the  tmigue  nuiy  be  covered  with  a  hair- 
like coating  of  dark-brown  or  blackish  color.  The  cause  of  this 
affection  is  obscure. 
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INFECTIOUS  DISEASES. 

Thrush,  ur  parasitic  stomatitis,  is  met  with  in  yooag 
children,  and  is  <hie  to  the  action  of  a  micro-organism  now 
{.'fncraily  knuwn  as  fTidhtm  albicaiit*.  There  are  formwl  apoo 
the  mncoiis  mcmKRiiie  white  patches  resembling  ciinlled  milk, 
mill    varving   in  size   from  mere    points    to  large  areas.    Tbw 
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Flo.  22.— TuKtcU-  ■•f  lh>'  limeiie  (Kftri-  anil  Si:liniorU. 

tiiiil  til  I'lKilosi'c  and  to  spread.  The  mucous  membrane  is  redilish 
and  iuHained.  'J'he  IkicIc  and  sides  of  the  tongue  and  thi-  inner 
part.s  of  tlu'  cluH'ks  are  favorite  seats,  Micros('oj)irally  the  wiiite 
coating  is  coiiijxKscd  largt.'lv  of  myci'lial  threads  nf  the  ]Kini.site, 
witli  wliii'ii  arc  mingled  dcgcncratiM]  epithelial  cells  and  genprally 
also  ollwf  iniero-org-.nii.-iins,  n(>tal>ly  micror-occi.  The  prcx^s.-;  may 
extend  to  the  pharynx,  and  .sometimes  as  far  as  tlie  bronchi  or  tk 
stomaeli,  through  the  larynx  and  csojihagiis. 

Tuberculosis  of  the  month  may  l)e  primary  or  seotindary. 
The  latter  is  espeeially  frorpjent  on  the  root  of  the  tongue,  ami  is 
gectuKlitry  to  tnfiercnlo.-iis  of  the  larynx  or  pharynx  (Fig.  22'1\. 
•Small  nodnlar  ma.-ires  ol'  tubercle  are  formed,  and  tend  to  uudrrgo 
cheesy  degeneration,  i'orinnig  nicerated  areas.  Primary  tubercu- 
losis leading  to  uleenition  may  occur  n{)on  the  lips  or  ujioii  the 
tongne  as  a  result  of  direct  inocidation,  as  in  the  ki.ssing  of  a 
taherculuns  jK-rson.  Ntxlnlar  mas-scs  are  formed,  which  at  first 
pre.'^etit  themselves  as  j>apilhiry  elevations,  but  substHpientlv  awler- 
i;o  elianieteristie  ni'crosis.  Tubercidous  ulcers  are  usually  irregn- 
lur  or  undermined,  and  the  ba.ses  are  more  or  less  ca.«eous  awl 
inliltrated  by  tnbereies.  The  injury,  of  the  tongue  by  the  twtli, 
and  the  favorable  soil  otferefl  for  the  retention  and  nujltiplication 
of  the  mieroH>rganisms  in  carious  teeth,  may  play  a  part  in  tlie 
causation. 

Lupus  of  the  face  may  extend  to  the  mouth.  It  is  distingui^hrd 
by  the  associated  eieatri/.ation.  Si'eondary  carcinomatus  chuiige 
may  occur  in  the  ba.se  of  the  lesion  (lupus-carcinoma). 
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Sjrphilis  is  nuisl  frci|iiriitty  sccondan*,  txTurriiig  in  the  fnrm 
of  iniii-ou.^  puti'iifs  u]M)ii  the  lips  or  tongiif  or,  us  more  elevated 
condylomata,  wliicli  in  lu-uliiip  cause  irregular  oontractions  or 
whitish  or  opaline  tliiei;enin;rs  of  tlu^  iiuteoiis  mernhnme.  Gum- 
matous infiltnitioiis  may  appear  in  a  localized  form,  or  as  irregular 
involvements.  Tliey  are  usually  deeji-seated  and  on  healing  fissu- 
ration  anil  deformity  may  residt.  'J'lie  tongiic  is  llie  most  frequent 
seat.  The  primar\' sypliilitie  lesion  (chancre)  resulting  from  direct 
inoculation  is  oecasinually  observed. 

Actinomycosis  atfeets  the  tongue,  gnnis,  and  jaw-bone,  and 
is  charaeterisccd  hy  a  slowly  infiltniting  ]iroce<5s  with  a  tendenry  to 
necrosis  ami  sup]niration,  in  which  the  alveolar  processes  of  the 


Fio.  ^2.^— Actiii. 


>r  thcchvek  (Ulich) 


jaw-bone  are  generally  attacked.  The  lesion  in  the  month  may  he 
insignificant,  while  the  secoudury  iuvnivenient  of  the  cheeks,  or  of 
the  Ivmj>lKitif  udands  below  the  jaw  and  in  the  neck  mav  he  exten- 

ive'(P'ig. '2l>:^). 

I/etlkemic   Stomatitis. — In   .-icutc   leukenna   ulcers  of   the 
mouth  are  frequent  at  the  onset  and  throughout  the  disease.     The 

unis  may  present  an  niccrated  a|)j)earance  resendiling  that  seen  in 
nrvy.  Considenible  necrosis  and  hemi>rrhagie  infiltration  are 
"ri>mmon.  N"«hdar  infiltnitinu  of  the  adenoid  tissues  at  the  base 
of  the  tongue  and  in  the  (iliarynx  also  occur  in  acute  leukemia, 
but  more  commonly  in  the  chronic  form. 
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TUMORS. 

PapUlomntons  rjroicihs  of  the  raucous  membrane  are  oci 
allv  i»l).-ierve(l.  Fihronui,  lifjoma,  mi/xmna,  ami  even  chondroma 
nire  forms  of  tumors  of  tlie  submucous  tissue  of  tlie  toufruc  or 
otlier  parts  of  the  month.  Not  rarely  they  are  congenital. 
Li/inpliadenoiu(i  or  /ifmphiutarconm  may  occur  at  the  root  of  tl» 
tonjftie,  where  it  takes  orijri"  from  the  lymphatic  follicles  or  the 
liutruul  tonsil.  SaiTomn  of  other  parts  of  the  mouth  is  rare,  ex- 
cepting as  an  extension  from  sarcoma  of  the  jaw-bone  and  other 
parts. 

Chrclnoma  is  the  most  important  new  growth  of  the  mouth, 
and  in  nearly  all  csises  is  of  the  squamous-celled  variety.  The 
faviirite  seats  are  the  losver  lip,  usually  toward  one  side  of  the 
mniith,  and  the  toiijrne.  It  appears  as  an  irregular  iKxlular  elt^'a- 
tion  wliieli  temls  to  ulcerate  upon  the  surface  and  spreads  to  adja- 
cent structures.  Metastasis  usually  occurs  to  the  submaxillary 
and  cervical  lympliatie  glands. 

Xiidnlar  masses  having  the  structure  of  the  normal  thvToid 
ghmil  may  be  found  at  the  base  of  the  tongue. 

t'l/fific  fonnationn,  due  to  .igijlntination  of  the  mouths  of  the 
muecms  glands,  are  met  with  iii>on  the  tongue  and  lips. 

Viixtx  are  especially  frequi'nt  beneath  the  tongue,  at  the  sides 
of  the  fronuiu.  These  have  l)een  termed  ranula,  and  are  fonuwl 
by  the  dilatation  of  the  ducts  of  tlie  small  mucous  glands.  At 
times  rannhi  may  be  a  cy.stic  dilatation  of  a  duct  of  the  sublingual 
salivary  gland  or  that  of  a  subtuaxillary  gland.  Ranula  is  usu- 
ally foinul  as  a  rounded  or  elliptical  tumor  which  may  fill  the 
floor  of  the  month  and  displace  the  tongue  backwanl  and  up- 
ward. The  contents  consist  of  somewhat  gelatinous  albuminous 
liquid. 

Hemanffiomn,  both  of  the.  teleangiectatic  and  cavernous  varie- 
ties, is  occasionally  seen,  hut  a  iriori'  important  tumor  is  /yin/zA- 
aiif/ioiiKt  art'ecting  the  tongue  and  lips,  and  giving  rise  to  the 
conditions  known  as  maeroglossia  and  niacrochcleia.  In  these 
conditions  there  is  a  tmiform  enlargement  of  the  tongue  or  lips, 
and  on  section  distended  lymphatic  spaces  more  or  less  fille<l 
with  licpiid  and  round  cells  are  detected.  Such  enlargeraent* 
are  usually  congenital,  and  are  especially  met  with  in  cretins. 
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THE   TEETH. 

Anomalous  Development. — Unnatural    lar^ness,  or,  on 

the  eontniry,  lack  of  development,  is  fretpiently  ob6er\-ed.  C'oni- 
plete  absence  of  the  teeth  has  been  noted.  Numerical  ineron??  or 
decrease  is  frequent.      Delay  in   the  eruption  of  the  teeth  and 
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irr^olaritj  in  their  formation  occur  in  rachitis ;  and  a  form  of 
maldevelopment  of  the  upper  central  incisor  teeth  of  the  perma- 
nent set  is  observed  in  cases  of  congenital  syphilis  {Hutchinson's 
teeth).  The  characteristics  of  this  condition  are  the  wedge-shape 
of  the  teeth,  the  cutting-edge  being  smaller  than  the  crown,  and 
the  concave  notching  of  the  cutting-edge  (sec  Fig.  107V  Hutch- 
ins<Hi's  teeth  are  not  entirely  peculiar  to  congenital  sypnilis. 

Caries  of  the  teeth  results  from  malnutrition,  digestive 
disturbances,  and  lack  of  cleanliness.  Micro-organisms  which 
lead  to  acid  fermentation  contribute  in  the  causation  by  forming 
acids  which  soilen  the  enamel  and  occasion  fissures  through  which 
other  bacteria  (bacilli  and  micrococci)  may  gain  entrance  into  the 
channels  of  the  dentin.  The  Lepiothrix  buccalis  is  commonly 
found  in  the  deposit  upon  the  teeth,  but  is  probably  non-specific. 

The  carious  process  consists  in  a  gradual  disintegration  of  the 
enamel  and  dentin,  with  the  formation  of  more  or  less  granular 
detritus  in  which  bacteria  are  abundant.  The  process  may  pene- 
trate to  the  pulp  of  the  teeth  and  set  up  a  secondary  inflammation, 
or  pulpitis.    Occasionally  caries  of  the  teeth  begins  within. 

Tnflamtnation  of  the  pulp  of  the  teeth  may  occur  in 
association  with  caries,  or  sometimes  independently.  The  pulp 
becomes  reddened  and  swollen,  and  may  present  hemorrhages  ana, 
later,  suppuration.  The  inflammatory  process  tends  to  spread 
through  the  roots  of  the  teeth  to  the  tissues  surrounding  the  roots 
and  to  the  alveolar  periosteum.  Abscesses  may  thus  be  formed 
about  the  teeth,  and  may  spread  to  the  tissue  of  the  gums  {alveolar 
abscesses),  eventually  rupturing  upon  the  surface. 

Tumors  composed  of  tissue  resembling  the  normal  dentin  are 
spoken  of  as  odontomata.  They  arise  from  the  pulp  during  the 
process  of  development  and  form  irregular  outgrowths  of  the 
crown  or  roots.  Similar  outgrowths,  resembling  the  enamel  or 
dentin,  or  cement-substance,  are  more  frequent  in  later  life,  and 
have  been  designated  as  odonlinoidK. 

Sarcomata  &nA  fibromata  may  spring  from  the  pulp  during  the 
development  of  teeth  or  from  the  connective  tissue  about  the 
roots  ;  and  polypoid  outyrowths  (hypertropliied  granulations)  from 
the  pulp  may  be  met  with  in  association  with  caries  of  the  teeth 
and  pulpitis. 

Tne  most  important  tumor  is  the  (jiant-celled  mrcoma  of  the 
alveolar  pnxress  of  the  jaw.  This  is  known  by  the  name  of 
epulis,  though  strictly  speaking  the  term  is  ai)plietl  rather  to  the 
situation  than  to  the  kiml  of  timior.  Extensive  enlargements  of 
the  jaw-l)one  and  destruction  of  the  siirroiniding  tissues  may  ensue. 

Vtfsts  are  met  with  in  the  alveolar  j)roc('sses,  and  arise  from  the 
primary  follicles  in  which  tlie  teeth  are  develop(Kl. 
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THE   PHARYNX  AND  TONSILS. 

CIRCULATORY    DISTURBANCES. 

Anemia  rif  the  .suit  ])alatf'  .ind  other  portions  of  the  pliar\nx 
(K'l'urs  in  genera!  anemia  and  in  ejises  of  phthisis  or  other  wasting 
diseases.     The  mucous  memhrane  may  be  ilocide<Jly  pallid. 

Active  hyperemia  or  Lontrestion  iKX-urs  iu  the  beginninj; 
stjiifes  of  iiiHammation  and  when  irritants  have  Ijecn  in  tiiri'ct 
Contact   witii   the  nineous  nieml>rjnes. 

Passive  hyperemia  is  seen  in  heart-disease,  eraphy.«<ma, 
plithisis,  and  other  elironie  piilinonary  affections.  In  these  ca*s 
the  mueons  meiiiUrano  is  dark  re<l,  aiul  not  rarely  bec(»nies  some- 
what i'llcniatoiis. 

Sdema  of  tiie  |i!iaryn<r('al  tissues  is  found  in  assm-iation  with 
ititlaiiiniatiiry   affections,  :ind   may   iH'casion   considerable  «tenft"L-. 

Hemorrhages  may  be  the  result  of  direct  injury,  a*  iu  tlit 
swallowiut;  f»f  fish-bones  and  the  like,  or  may  tx-eur  in  the  forra 
of  petechiie  in  purjiura  an<l  other  hemorrhagic  diseases  and  in 
intense  infections  (small-pox,  septicemia). 


INFLAMMATIONS. 

Catarrhal  pharyngitis,  or  angrina,  may  affect  the  en^ 
linin^r  memlicane  nf  tin'  |iliann\',  or  may  be  limited  to  the  tonsil- 
or  other  parts.  It  results  from  ilirect  irritation  by  hot  lintiids  nr 
chemical  substances,  fmm  exposure  to  cold,  and  |)articnlarly  Iriiin 
infections.  Angina,  or  sore-throat,  is  met  with  in  many  of  the 
infectious  fevers,  or  may  ajipcar  as  an   intlependent  infci'fion. 

The  mucous  membrane  jircsents  a  bright-red  color,  is  tMime- 
what  swollen,  and  eovcrcd  with  tcuaei<jns  exu<lation  com}io««'(l  of 
mnens  and  desquamated  cells.  .Suiall  vesi<!ular  elevations  may 
form,  and  after  the  rupture  of  these  erosions  or  even  snperiirial 
ulcers  are  sometimes  seen,  (-)ccasionally  there  are  hemorrliairic 
extravasations. 

A  form  of  catarrhal  pharyngitis,  kntiwn  as  hrrpdic  aii<jim,\i 
analogous  to  herpes  of  the  skin,  and  may  accompany  facial  or 
labial   herpes. 

Chronic  catarrhal  pharsmgitis  is  met  with  in  pt>rson?  who 
nse  the  voice  excessively,  esjK'cially  in  the  ojien  nir.  It  may  alw 
result  from  the  aliuse  of  tobacco  or  alcohol.  The  posterior  wnli 
of  the  pharynx  and  the  |>illars  of  the  soft  jialate  are  pjirtieiihirly 
involved.  The  mucous  membrane  is  swollen  in  the  earlier  st.ieis. 
but  later  becomes  atrophic,  and  is  marked  by  slight  granular  ele- 
vations, which  are  cither  hyperplastic  lyniph-foUides  or  distended 
mucous  glands.  The  veins  iiv  the  submucijus  ti.ssne  are  enl.arpitl. 
and  are  visible  through  the  atroj>hic  luneotis  membrane  as  lortuoii.* 
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channels.     Chronic  Ij^iierplasia  of  tlie  tonsils  and  chronic  Iar)'ii- 
gitis  are  frt>quently  associuteil. 

Phlegmonous  pharyngitis  may  result  from  wounds  of  the 
pharynx,  or  may  be  a^-sm-iatt'd  with  intense  infections,  such  as 
BBeiulomeiubranous  tonsillitis  and  |iharvugitis,  particularly  the 
forius  due  to  streptococci.  It  may  result  from  pnstular  pharyn- 
gitis in  smallpox,  or  from  glanders  of  the  pharynx.  Phlegmonous 
tousillitis  sometimes  extends  to  the  peritonsillar  tissues  as  far  as 
the   retropharyngeal  wall. 

The  soft  palate,  uvula,  arches,  or  other  parts  afl'eeted  are  swollen 
and  tensely  distended.  There  may  be  congestion  or  deep  cyanosis 
and  edematous  exudation.  The  usual  termination  is  suppuration, 
but  sometimes  gangrenous  necrosis  ensues.  General  septicemia  is 
frequently  the  result. 

Retropharyngeal  Abscess. — This  condition  may  occur  second- 
arily after  traumatic  or  infectious  pharyngitis  as  abnvi-  described. 
Phlegmonous  pharyngitis  primarily  affecting  the  rctmpi laryngeal 
tissues  may  Ix  due  to  i-aries  of  the  cervical  vertebne  ;  iK'ca,Hionally 
it  occurs  in  the  infections  fevers  in  consequence  of  embolism,  or 
infection  of  the  deei)-seated  lymphoid  nodes  of  the  pliarj'nx. 

Pseudomembranous  pharyngitis  may  be  caused  by  the 
Baeit/iis  (JiphUin-'uF  and  be  truly  di|ththeritic,  or  it  may  be  due  to 
a  variety  of  other  micro-organisms,  or  to  irritating  gases,  steam, 
and  like  cau.ses.  Non-<!iphtheritic  pscudonicnibraiKtut!  pharyngitis 
is  esj>ecially  common  as  a  complication  of  scarlatina,  measles,  and 
other  infectious  diseases,  and  seems  in  thet;e  cases  to  be  cause<l  by 
the  Streptococcus  pyogenes.  The  appearance  of  the  throat  may 
be  identical  with  that  observed  in  diphtheria,  but  extensive 
necrosis  is  more  common,  while  typical  pycudonicnibranes  are  less 
frequent. 

The  mucous  membrane  and  the  underlying  parts,  especially  the 
tonsils,  become  greatly  swollen  and  edematous ;  and  subsequently 
suffer  nwrotic  changes. 

There  is  fornu-d  upon  the  surface  of  the  throat  a  whitish  or 
yellowish  patch,  or  s*.'veral  patches,  which  tend  to  coalesce  aud 
extend  from  the  region  of  the  tonsils  to  the  pillars  c)f  the  fauces 
and  the  uvula,  or  to  the  mouth,  nf)se,  or  larj'nx.  The  pseialo- 
membrane  is  quite  firmly  attached  to  the  mucous  nicmbnine,  and 
cannot  be  removed  without  tearing  away  part  of  the  underlying 
tissues.  Microscopically  the  deposit  is  found  to  consist  of  gran- 
ular or  fibrillar  fibrin  entangling  more  or  less  degt-nenited  leuko- 
cytes and  epithelial  cells.  In  the  deeywr  layers  intense  congestion 
and  round-cell  infiltration  are  observed ;  in  the  superficial  strata 
degenerated  cells  and  detritus,  together  with  masses  of  bacteria, 
are  conspicuous. 

The  neighlioring  lymphatic  glands,  notably  those  below  the 
angle  of  the  jaw,  enlarge  and  may  suppurate,  and  sometimes  ex- 
tensive cellulitis  and  suppuration  of  the  floor  of  the  mouth  (Lud- 
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wig's  angina)  occur.  Tiicrc  are  intense  systemic  intoxication  and 
infection,  anti  secomlary-  lesions  are  frequently  developed  in  varioite 
org:m.s  (ncpliritis,  myixjuniitis,  etc.).  f  he  non-diphtheritii;  forms 
of  pscudoDK-'mljninouH  jjliaryngitis  may  be  distinguished  from  the 
dipiitlieritic  fiirm.s,  in  typii'al  «ises,  by  the  greater  intensity  oi  the 
Iwal  (necrotic)  proeesscs,  the  earlier  and  more  marked  invoive- 
raent  of  the  local  lymphatic  glan<ls,  and  by  the  greater  tendency 
to  nephritis;  but  unfortunately  atypical  cases  are  ver\-  common, 
and  an  aljsolnte  diagnosis  can  be  made  by  hacteriologic  study  alone. 

Tonsillitis  may  lie  a  part  of  a  general  pharyngitis,  or  it  mav 
occur  as  an  independent  atleetion.     S'veral  varieties  are  deseriliwl. 

Catarrhal  tonsillitis  results  from  the  same  causes  as  ciibirrliiil 
pharyngitis  in  general,  and  prestmts  similar  appeunuiees.  Thp 
tonsils  are  usually  somewhat  enlarged. 

Lacunar  <^r  follicular  tonsillitis  <x-curs  from  similar  causes,  and 
niav  involve  the  normal  tonsil  or  one  affected  by  chronic  hyper- 
tropliy.  Tlio  surface  of  the  tonsil  is  marked  with  small  white 
or  yellowish  s]K)ts,  into  which  the  end  of  a  probe  may  Ix' 
inscrtcil.  These  are  the  laeunse  or  crypts  distended  with  epitlieliul 
cells  more  or  less  degenerated.  Bacteria  of  various  kinds  niavbe 
found  in  the  contents  of  the  lacunie,  and  doubtles-s  play  an  im- 
portant part  in  the  etiology.  Staphyloeoeci,  streptoecx-ei,  pneunio- 
eoeci,  tubercle-bacilli,  and  the  bacillus  of  diphtheria  have  all  bwn 
observed.  The  latter  two  forms  may  be  present  merely  as  acci- 
dental  associations,    but    may   pcssibly   play   an   etiologic  port, 
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Fro.  224.— Crypta  In  cjutes  of  tnnalUllls :  a,  acute  lacunar:  b.  chronic  hjrpcrtmpK 
•arAice-eplthclluni ;  6,  accumuliitcd  cont«nt»  of  crypl ;  r.  lymphoid  rolllcles  snrrn 
crypt  (Kauftnann). 

especially  the  Bacillus  diphtheria;.  Ulceration  may  occur  in  thf 
walls  of  the  lacunie,  am!  the  surface  of  the  tonsil  may  be  consid- 
erably broken  down.  In  other  cases  the  bacteria  may  penrtnitp 
the  tonsil  at  the  bottom  of  the  laciitMP,  and  jihleffinonoua  tunmlBit, 
or  (jiiinxi/,  may  result  (see  below).  The  contents  of  the  lacuna"  may 
be  di.'seharged  upon  the  surface,  and  may  adhere  for  a  time  as » 
yellowish-white  caseous  pellide,  resembling  diphtheritic  pseudtv 
membranes  in  appeaninee.  In  other  cases  the  contents  of  the 
crypts  are  retaine<l,  undergo  iaspis.sation,  and  may  even  calcify. 
A  certain  amount  of  catiirrhal  pharyngitis  may  be  a,sBiK;iate<l,  but 
rarely  seen  heviuid  the  tonsils. 
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Phlegmonons  tonsillitis,  abscess  of  the  tonsil,  or  quinsy,  may  be 
the  result  of  simple  catarrlral  or  of  fotliciiliir  tonsillitis,  or  may  be 
associated  with  phlegmomnis  inflammation  of  otluT  parts  of  the 
pharynx.  One  or  both  ot'  the  tonsils  may  be  affeetetl.  Rfdiiess 
and  swelling  are  noted  in  the  earlier  stages,  but  later  the  mucous 
membrane  is  jialiid  or  even  yellowish.  Miero.scopieally  diffuse 
round-cell  infiltraticm  and  eventually  foeal  eolleetirms  leading 
to  ab.'iee.s.s-fDrniatton  are  detected.  The  jM'ritonsillar  tissues  may 
be  involved,  and  s|)reading  phlegmonous  infliinimation  results. 
Rupture  may  take  place  into  tlir  jiharynx,  or  the  ulceration  may 
extend  outward,  causing  discharge  ujion  the  neck  at  the  angle  of 
the  jaw.     The  internal  carotid  artery  may  he  ixTtbi-ated. 

^  Enlargement  of  the  submaxillary  anil  cervical  lyiupliatic  glands 
is  commonly  observed,  (icnend  septicemia  of  mild  tyjve  is  not 
infrequent;  mytM/arditis,  endocarditis,  and  nc[vhritis  niav  result. 
The  aj<soeiution  of  tonsillitis  :ind  rheumatism  has  oeeasioued  nincli 
discussion.      It  is  very  pnibablc  that  rlieumatisni  frequently  results 

■from  tonsillitis,  the  latter  being  t!ie  first  ettect  of  micro-organ- 

Hbmal  inva.sion,  which  eventually  causes  rheumatism. 

H  Patholof/ic  Pliifxiolof/i/. — Acute  tonsillitis  may  occasion  only 
lix^al  symptoms,  such  as  (win,  diHtculty  in  swallowing,  etc.,  bnt  in 
many  cases  there  are  general  sympti>ms — fever,  disturbances  of 
apjjetite,  etc.     The  latter  vary   in  severity  according  to  the  j*ar- 

»ticular  infwtiims  cause  of  the  disease. 
Chronic  tonsillar  hypertrophy  may  result  from  repeated  attacks 
of  simple  catarrhal  or  of  foilieiilar  tonsillitis.  The  t<msils  are 
enlarged,  u.sually  irregularly  so,  anil  are  harder  than  normal.  On 
section  the  connective-tissue  retieulnm  and  .scjitii  are  found 
increased,  and  the  lymplioid  fcdlieles  are  likewise  hypcrplxstie. 
Pressure  upui  the  orifices  of  the  laeunse  not  rarely  causes  ob.stnic- 
tion  and  repeated  attacks  of  lacunar  tonsillitis.  Kcterition  and 
calcitication  of  the  contents  of  the  crypt.H  are  particularly  eoninifin 
in  the  lacunar  tonsillitis  of  hypertrophic  tonsils.  Chronic  hyjier- 
tmjiliy  of  the  tonsils  very  often  iH-curs  in  nicliitie  or  ha<lly  nour- 
ished children  in  association  with  hyperplasia  of  the  lingual  tonsil 
and  nasopharyngeal  aflcnoid  tissues.  Distinct  evidences  oi' infiam- 
mation  are  wanting  in  such  eases,  and  the  condition  seems  rather 
a  form  of  simple  hyperplasia  of  the  lymphoid  structures. 

H  PRESSURE-NECROSIS. 

H  This  condition  occurs  upon  the  anterior  and  posterior  walls  of 
^Rhc  pharynx,  opposite  the  cricoid  avrtilage.  It  is  met  with  in 
marantic  persons  occnpying  a  dorsal  decubitus,  and  is  caused  hy 
the  backwani  pressure  of  the  cricoid  cartilage  agiiiust  the  f>]ijK)site 
vertebra.  The  mucosa  becomes  necrotic,  and  more  or  less  exten- 
sive ulcerations  are  formed.  Complete  perforation  of  the  pharyn- 
H  wall  sometimes  occurs. 
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wig's  angina)  oeeiir.  There  are  intense  systemic  intoxication  auJ 
infection,  and  swiundary  N'sions  are  freoiiently  developed  in  varinits 
organs  (nephritis,  niyocanlitis,  etc.).  The  non-diphtheritic  fomij 
of  pseiidonienihrauoiis  pliarvngitis  may  be  distinguished  from  the 
<li]>litheritic  fiirnis,  in  typical  cases,  Ity  the  greater  intt-nsity  nl"  the 
local  (necrotic)  pnn«sses,  the  earlier  anil  more  marked  involvi-- 
racnt  of  tlie  local  lyrnjihatio  glands,  and  by  the  greater  tendency 
to  nephritis;  bnt  iiufortiinately  atypical  cases  are  very  «)ramon, 
and  an  absolute  diagnosis  can  be  made  l>y  bacteriologic  study  alone. 

Tonsillitis  may  be  a  [)art  of  a  general  pharyngitis,  or  it  mav 
0(:'<'iira.s  an  indepciidcut  atlectioti.     Several  varieties  are  described. 

Catarrhal  tonsillitis  results  fnwii  the  .same  causes  as  catarrhid 
pharyngitis  in  general,  and  presents  similar  appeamuceij.  The 
tonsils  are  usually  somewhat  enlarge<J. 

Lacunar  or  follicular  tonsillitis  occurs  from  similar  causes,  and 
may  involve  the  normal  tonsil  i»r  one  affected  by  chronic  hvprr- 
trophy.  The  surface  of  the  tonsil  is  marked  with  small  white 
or  yellowish  sjMits,  into  which  the  end  of  a  probe  may  I* 
iasertcd.  These  are  the  hiemne  or  cry|its  distendini  with  epitln'lial 
cells  more  or  less  degeiieratcil.  Bacteria  of  various  kinds  may  In- 
found  in  the  contents  ctf  the  laennie,  and  doubtless  play  an  iiu- 
j)ortant  part  in  the  etiology.  Sta])hyl<x'iK'ci,  .streptocixjci,  pneunio- 
cocci,  tubercle-bacilli,  and  the  bacillus  of  diphtheria  have  all  bt*n 
observed.  The  latter  twi»  forms  may  lie  jireseut  merely  as  awi- 
dental   associations,    bnt    may    possibly    play    an    etiologic  part, 


A  B 

Fio.  224.— Oyptii  in  cues  of  tntiRinitts :  a,  acute  Iscunar;  ■,  chronic  hypcrtrojAfc'  •> 
•urfnet-iriiitlK'Uum:  ti,  accumuUtPcl  conteuu  of  rrypt :  c,  lymphoid  Toliiclra  •urroumUnf 
crypt  (Kaufninnn). 

especially  the  Bacillus  diphtheria;.  Ulceration  may  occur  in  tlw 
walls  of  the  lacnnte,  and  the  surface  of  the  tonsil  may  be  coniiid- 
erably  broken  down.  In  other  cases  the  bai-teria  may  penotrat"-' 
the  tonsil  at  the  botttmi  of  the  lacunie,  ami  jihlcf/inonowi  (onttilliti*' 
or  qtiiuxif,  may  result  (see  below).  The  contents  of  the  lacuna*  may 
be  discharged  uiwn  the  surface,  ami  may  ailhere  for  a  time  a.** 
yellowish-white  caseous  pellicle,  resembling  diphtheritic  psemlo- 
membranes  in  appeanmce.  In  other  cases  the  contents  of  ih* 
crypts  an;  retainwi,  undergo  iiispissation,  and  may  even  calcify. 
A  certain  amount  of  catarrhal  pharyngitis  may  be  asksociated,  but 
the  follicular  ulcers  arc  rarely  si'cn  lieyond  the  tonsils. 
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I  tOBifllitii,  alMcen  of  the  tonsQ,  or  tpdasy,  may  be 
the  resalt  of  simple  catarrhal  or  of  follicular  toneillitig,  or  may  be 
aaaociated  with  phlegmonoas  inflammation  of  other  parts  of  the 
phaiynx.  One  or  both  of  the  tonsils  may  be  affectea.  Redness 
and  swellli^  are  noted  in  the  earlier  stages,  but  later  the  mncoos 
membrane  is  pallid  or  even  yellowish.  Microscopically  diflbse 
round-cell  infiltration  and  eventually  focal  collections  leadii^ 
to  abecess-fbrmation  are  detected.  The  peritonsillar  ti.ssues  may 
be  involved,  and  spreading  phlegmonous  inflammation  results. 
Rupture  may  take  place  into  the  pharynx,  or  the  ulceration  may 
extend  outward,  causing  difscharge  upon  the  neck  at  the  angle  of 
the  jaw.     The  internal  carotid  artery-  may  be  perforated. 

Enlargmnent  of  the  submaxillar}'  and  cer\-ical  lymphatic  glands 
is  commonly  obaer\'ed.  General  septicemia  of  mild  t>'pe  is  not 
infrequent ;  myocarditis,  endinarditis,  ami  nephritis  may  result. 
The  association  of  tonsillitis  and  rheumati?ni  haj>  occasioned  much 
discussion.  It  is  ven'  probable  that  rheumatUm  frequently  results 
from  tonsillitis,  the  latter  being  the  fin<t  effect  of  micn>-orgaii- 
ismal  invasion,  which  eventually  caa«es  rheumatism. 

Ptiiholoffie  Physiolof/if. — .\cute  tonsillitis  may  occasion  only 
local  symptoms,  such  as  pain,  difficulty  in  swallowing,  etc.,  but  in 
many  ca^^es  there  are  general  !>ymptom!> — fever,  disturbances  of 
appetite,  etc.  The  latter  vary  in  severity  according  to  the  par- 
ticular infectious  cause  of  the  disease. 

Chranc  tfriTlar  hfpnliuyitf  may  rr?ult  from  repeated  attacks 
of  simple  catarrhal  or  of  follifrular  ton-illitis.  The  toa-ils  are 
enlarged,  usually  irregularly  so,  ami  are  liarder  than  normal.  (}a 
section  the  oonnective-tbrt-oe  reticulum  and  septa  are  fr^nd 
increased,  awl  the  lymplK>id  follicles  are  likewise  hyperplastic. 
Pressure  upon  the  orific^  of  the  lacunae  not  rartly  cau.-e?-  r>b>tnic- 
tion  and  repeated  attacks  of  lacunar  toaMlIitis.  Retention  and 
calcification  of  the  contents  of  the  cry'pt*  are  particularly  crMnmon 
in  the  lacunar  tonsillitis  of  hypertrrjphic  ton-il*.  Chr^jnic  hj-per- 
trophy  of  the  trjOrils  very  often  fjccurs  in  nM.-hitic  or  WJIy  n<Mir- 
ished  children  in  a^^iciation  with  hyperplasia  of  the  lininial  t^msil 
and  nasopfaaiyngeal  adenoid  ti-r>ae^.  LH.-tinct  evidence^  of  inflam- 
mation are  wantii^  in  .-uch  cas*^.  ami  th<-  oomliti^>n  •e<^m.^  rather 
a  form  of  simple  hyperplairia  of  the  lympi^ioid  .-tructure:s. 

PRESSLHE-.N'ECKOSIS. 

This  conditkn  ocrnrs  npi^  the  anf-n^.r  and  pr>iterior  wall--  of 
the  phaiynx,  op|»nte  the  crirf/id  '■artila;?*-.  It  i-;  ni'-t  with  in 
marantic  pevsMK  wxtipyin$r  a  d^.r-al  d<^-ijbtta-.  an^l  i-  f^n-=*A  hy 
the  backward  [mjumn!:  of  the  cri«>id  'artila{r«-  again-t  th»-  <•  pf*^j»-ite 
vert^n.  The  mnoiea  Ifrrtjtnf^  ne<-rr,ti'-.  ati'l  nr>.r<-  or  '.-. —  ►exten- 
sive nIeeTatMns  are  formed.  Compete  perforation  of  the  pharyn- 
geal vaD  aouMtinwji  oeeais. 
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INFECTIOUS  DISEASES. 

Diphtheria  of  the  pharynx  usually  begins  in  the  mucous 
membrane  eovcrinji  the  tonsils,  and  spreads  to  the  pillars  of  the 
fauces,  tf)  the  uvula,  the  posterior  wall  of  the  pharj'nx,  the  cheeb 
and  tongue,  the  posterior  uares,  or  to  the  larynx.  It  ran-ly  in- 
vades the  esophagus,  l)ut  may  sometimes  extentl  along  this  struct- 
ure as  far  as  tlie  st^jmaeli. 

The  spe('ific  cause  is  the  Bacillus  diphtheria  (see  Diphtheria, 
Part  I.).  The  characteristic  lesion  is  a  pseudomembrane,  whicli  is 
forraeil  on  the  surface  and  within  the  mucous  nienil>nine.  Tliis 
first  apjMjars  sis  a  gniyish  or  yellowish-white  {R'lliele,  more  or  leas 
firmly  attacheti  to  the  mucosa;  it  spreads  rapidly,  and  may  cover 
the  whole  of  the  pharvnx  in  a  day  or  two.  In  other  cases  the 
disease  progresses  slowly,  or  remains  quite  limited.  The  under- 
lying tissues  become  swollen  by  intlammatory  infiltration  (cellular 
and  edematous),  and  swallowing  and  lireathiug  may  then  be 
greatly  nlislnieted.  When  the  pseuiloincmbrane  is  removed  from 
the  surface  a  niw  and  more  or  less  necrotic  base  is  exposed.  Mi- 
croscopically the  surface  of  the  psendoraembrane  is  found  to  con- 
sist oi  a  mass  of  debris,  often  containing  micrococci  and  other 
bacteria,  as  well  as  the  specific  organisms,  in  great  numbers. 
Somewhat  more  deeply  the  incinbnme  is  composed  of  a  fibriiKHis 
retioulitm  or  masses  of  fibrin  entangling  degenerated  epifhi'lial 
cells  and  leukocytes.     Still  more  deeply  the  tissues  of  the  pbairni 


Vto.Za. — Pscuitomembrmimis  innanimation  (if  the  uvula:  a,  masses  of  microww'i 
b,  necrutic  veils ;  c,  round-ceU  lalUlrallun;  d,  Sbrlu  network  ^Zleglerj. 

are  found  intensely  congestefl  and  infiltrated  with  round  cells  (Fig- 
226).  In  the  late  stages  of  the  disease  extensive  necrosis  ol  tne 
mucosa  and  submucosa  may  occur. 
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In  some  cases  diphtheria  may  undoubtedly  present  the  lesions 
of  an  ordinary  lacunar  tonsillitis,  and  the  clinician  may  be  unable 
to  determine  the  nature  of  the  disease. 

Aaaociated  Conditions. — Some  enlargement  of  the  lymphatic 
glands  at  the  angle  of  the  jaw  is  usual,  and  exceptionally  this  may 
terminate  in  suppuration.  Lesions  of  the  internal  organs,  espe- 
cially the  heart  and  kidneys,  are  not  infrequent,  and  disease  of  the 
peripheral  nerves  is  a  common  sequel  (see  Diphtheria,  Part  I.). 

Fharyngomycosis  I/eptotnricia. — This  condition  is  met 
with  on  the  tonsils,  and  less  frequently  the  pillars  of  the  fauces, 
uvula,  and  other  parts  of  the  pharynx.  It  occurs  in  persons  of 
lowered  vitality,  and  seems  to  be  caused  by  the  Leptothrtx  buecalis, 
a  form  of  bacterium  very  commonly  met  with  in  the  collections 
around  the  necks  of  the  teeth.  The  lesions  present  themselves  as 
milky-white  and  somewhat  chalk-like  outgrowths  arising  from  the 
tonsillar  crypts  and  the  mucous  glands.  These  are  o&n  tightly 
adherent,  but  occasion  very  little  inflammation  of  the  surrounding 
tissues.  Microscopically  the  thread-like  parasite  is  found  in 
abundance. 

Tabercolosis  may  occur  in  the  pharynx  in  the  form  of  sub- 
epithelial tubercles,  which  break  down  and  occasion  more  or  less 
extensive  ulcerations. 

Tuberculosis  of  the  tonsils  may  be  primary  or  secondary.  In 
the  former  case  infection  probably  occurs  from  the  invasion  of 
the  crypts  by  tubercle-bacilli ;  this  condition  is  doubtless  more 
common  than  has  generally  been  supposed.  Secondary  tonsillar 
tuberculosis  usually  follows  tulK'rculosis  of  the  lungs  or  larynx. 
In  either  case  there  arc  formed  in  the  tonsils  small  tubercles  which 
rapidly  increase  in  size,  fuse,  and  subsequently  undergo  caseous 
change.  Discharge  of  the  caseous  matter  upon  the  mucous  sur- 
&ce  is  not  unusual,  and  occasions  ulcor-likc  formations.  Second- 
ary infection  of  the  cervical  and  submaxillar  lymphatic  glands 
is  not  infrequent. 

Syphilis  may  occur  in  the  phar}'nx  in  the  form  of  the  primary 
lesion  or  chancre,  as  mucous  psitches,  or  as  gummata.  The  last 
are  prone  to  undergo  ulceration  with  secondary  cicatrization. 
Extensive  distortion  of  the  pharjngeal  structures  may  be  the 
result  of  the  scar-formation. 

Glanders  and  lepra  sometimes  invade  the  pharynx. 

Typhoid  ulcers  are  occasionally  met  with. 

TUMORS. 

Among  the  tumors  of  the  pharynx,  fibnmia,  lipoma,  chondroma, 
and  papillomata  are  occasionally  found  on  the  soft  palate,  uvuin, 
or  tonsils.  Of  the  malignant  tumors,  sarcoma  of  the  tonsils  is 
most  important.     It  is  usually  of  the  lymphosarcomatous  variety. 
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and  is  rapul  in  growth  an<l  highly  destructive.  Epithelionia  nuj 
occur  at  tho  base  of  the  tongue,  in  the  soft  palate,  or  tooak 
Other  varieties  of  emieer  are  rare. 

Pulypuiii  tumors  of  the  nasopliarvnx  and  liypKTpIastic  adenoid 
growths  of  the  same  situation  fi-efjueiitly  extend  downwanl  inlu 
the  pharynx  proper. 


THE  SALIVARY  GLANDS. 

Inflammation  of  the  salivary  glands  affects  the  parotid  mot' 

freijiicntly. 

Parotitis  may  lie  tiie  exprt^ssion  of  an  independent  infectiim 
(mumps) ;  (jr  may  be  secondary  to  various  infectious  disraisiw, 
Bueli  as  typhoid  fever,  ty|>ha.s  fever,  or  pyemia.  J 

Tlie  specifie  t;ause  of  tiunnps  lias  not  l)een  isolated  (see  Part  I.),  fl 
The  infeetioii  pmltalily  (M'curs  lhn)Ugli   (tie  parotiil  duct,  anil  in      ' 
some  instances   iiiHanmiatiotis  of  the   mueous   menibnine  of  tliii 
duet    liavo    been    found    to  preeetl*;  tlie  parotitis.     The  gland  is   ■ 
swollen  and  tensely  distends  its  capsule.     The  inflammatory  mh-   * 
date  is  probably  largely  serous,  as  it  may  be  absorbed  and  reiiiDVcil 
in  the  course  of  a  very  short  time.      The  disesLse  scareelv  ever 
terminates  in  su])piinition.     Orchitis  is  an  oeejisional  complioation. 

The  .secondary  p.irotitis  occurring  in  the  course  of  various  iiil'w- 
tious  disea.ses  is  clianieterized  by  a  niarke<l  temlency  to  uliecrs.*- 
fornuition,  and  at  all  stages  of  the  affection  roinid-ccll  infiltration 
is  conspicuous.  .A.fb'r  the  formation  of  an  absces.s  {)erforation  mav 
take  place  ii|)nn  the  check  or  iitto  llic  mouth,  and  sometimes  sili- 
vary  fistuhe  (see  below)  arc  established,  f'hrouic  induration  nf 
the  glanil   may   remain  after  attacks  of  iiiHanunation. 

The  sulimaxillary  gland  is  occasionally  affectetl  with  tlie 
parotid,  or  intlepcridctitly,  in  mumps.  The  sublingual  glanJ 
rarely  beci>mr's  itiHanieti. 

Angina  I^udovici,  or  I^udwig's  angina,  is  a  septic  inflam- 
mation of  tile  tissues  of  the  tlnor  of  the  mouth  surrounilirig  thf 
submaxillary  gland.  It  tnav  result  from  carious  j)ro<'esses  at  tW 
roots  of  the  teeth,  or  from  infection  of  the  subma.xillary  lymplintic 
glands  in  the  course  of  various  infectious  diHea.se8,  particularly 
scarlet  fever.  The  most  frequent  termination  is  abscess-formation, 
with  perfoiiition  externally  or  into  the  mouth.  Occasioiudly  nipiil 
necrosis  or  giiugrr'ne  results. 

Tumors. — The  parotid  gland  is  more  frequently  the  st'atnf 
tumors  than  the  other  sjdivary  glands.  Bf^nign  tumors,  mich  a.« 
filmmia,  lipoma,  or  c-liondrotna,  are  rare.  The  most  conunon  ni'W 
growth  is  the  so-called  "  mixed  tumor,"  which  is  essentially  lar- 
comatoiti,  with  the  addition  of  fibnmia,  chondroma,  or  my.xoni», 
anil  at  times  of  all  these.     E|uthelionia  is  rare. 

Diseases  of  the  Salivary  Ducts. — Salivary  Judulae  rosy 
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result  firom  traumatic  injuries  or  from  the  perforation  of  abscesses. 
They  most  frequently  affect  the  duct  of  the  parotid. 

Oonerdiona  composed  of  phosphate  and  carbonate  of  calcium 
are  occasionally  observed,  and  may  lead  to  obstruction  of  the  ducts. 

OygUc  dUaiaiion  of  Steno's  or  Wharton's  duct,  or  of  those  of 
the  sublingual  glands,  may  be  due  to  concretions  or  to  inflam- 
matory processes  at  the  mouths  of  the  ducts.  Oval  or  elliptical 
tumors  are  formed,  and  contain  transparent,  viscid  liquid.  Such 
cysts  belong  to  the  group  of  conditions  designated  as  ranula,  but 
more  frequently  this  is  due  to  obstruction  of  the  small  mucous 
^nds  beneath  the  tongue. 

THE  ESOPHAGUS. 

CONQENITAL  DEFECTS. 

Occasionally  the  esophagus  is  double,  being  divided  into  two 
parts  by  a  septum.  Complete  absence  of  the  esophagus  may  occur 
m  certain  monstrosities ;  more  frequently  there  is  partial  absence 
of  the  lumen  about  the  middle  of  the  tube.  The  lower  end  of  the 
esophagus  in  such  cases  communicates  with  the  trachea,  while  the 
upper  end  terminates  as  a  blind  pouch.  The  intermediate  defec- 
tive portion  may  be  represented  by  a  fibromuscular  cord,  or  may 
be  entirely  wanting.  Fistulous  communications  may  pass  from  the 
side  of  the  neck  to  the  upper  end  of  the  esophagus  or  pharynx. 
They  are  due  to  incomplete  closure  of  the  brauchial  clefts. 

CIRCULATORY  DISTURBANCES. 

Anemia  may  be  due  to  general  anemia,  and  active  hyper- 
emia, to  the  irritation  of  hot  liquids  or  chemicals. 

Fsissive  congfestioii  results  from  diseases  of  the  heart  or 
lungs,  or  from  cirrhosis  of  the  liver.  In  the  latter  condition 
large  varicosities  may  be  established  in  the  lower  end  of  the 
esophagus,  due  to  the  communications  between  the  left;  coronarj' 
vein  of  the  stomach  and  the  esophageal  veins. 

INFLAMMATIONS. 

Catarrhal  esophagitis  is  characterized  by  hyperemia  and 
desquamation  of  epithelium,  with  very  little  liquid  secretion.  It 
may  be  due  to  the  ingestion  of  irritating  acid  or  alkaline  liquids, 
to  scalding,  or  occasionally  to  direct  traumatic  irritation.  Super- 
ficial erosions  are  sometimes  met  with. 

Chronic  catarrhal  esophagitis  is  found  in  cases  of  passive 
congestion  continued  for  a  long  time,  and  jiarticularly  in  alcoholics. 
The  mucous  membrane  is  thickened  and  dark  in  color.  Occasion- 
ally erosions  are  met  with,  and  more  commonly  areas  of  hyper- 
trophy of  the  mucosa. 

PBeudomemtxranous  esophagitis  may  result  from  exten- 
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sion  of  plijirynjE;eal  diplitheria  or  pseudomombranous  pharyngitis, 
or  it  ruiiy  bo  primary  in  rare  instances. 

Ulcerative  esojphagitis  nmy  occur  as  the  result  of  pustular 
eruption  in  siiiall-jxtx,  or  in  coiiscMjiii'iice  of  irritation  of  foreign 
botlit's.  It  is  not  unusual  to  tirii!  hinail  or  even  large  ulwre  io 
the  mucosa  of  csaphairoal  iliverticula.  These  are  ooeasioned  by 
the  retention  of  fixwl.  Peptic  ulcers  similar  to  those  occurring  in 
the  stomach  are  occasionally  found  in  the  lower  end  of  theesopliagu:. 

Phlegmonous  esophagitis  is  mre.  It  may  residt  fmui  tlw 
extension  of  intense  iiiHamuiation  of  the  mucous  membrane  into 
the  submucous  tissue,  or  to  |R'uetration  of  the  mucosa  by  shurp 
points  of  fish-bones  and  the  like. 

STENOSIS. 

Stenosis  of  the  esopiiagus  may  lye  due  to  the  pressure  of 
tumors  or  aneurysms  upon  the  esophagus,  to  tbe  lodgeraent  of 
foreign  bodies,  to  the  jri-owth  of  tumors  in  the  esophageal  walls, 
or  to  stricture  of  the  esoplujgus.  The  last  most  frequently  resultis 
from  the  htailing  oi'  ukerations  caused  by  the  swallowing  of  cn^ 
rosive  liquids.  Syphilitic  and  post-typhoidal  strictures  are  rare. 
Carcinoma  of  the  esojthagus  may  obstruct  by  the  growth  within 
or  by  the  attendant  contraction  of  the  walls. 

DILATATION. 

Dilatation  of  the  esophagus  may  occur  lu  the  form  of:i 
simple  ili/fif/illun  or  ectasia,  or  in  the  form  of  divei-liciUa.    The 

former  variety  is  common  at  the  lower 
end  of  tiie  esophagus,  and  is  occisioned 
by  i>listnu'tions  at  the  cardiac  en<i  of 
lln'  stomach,  or  at  the  jxunt  where  the 
esc  ipliagiis  passes  through  the  diaphragm. 
Till'  dilatation  may  reach  considentiile 
I    J  ^B     size.    The  mucous  membrane  is  iijumllv 

\\§/  ^1     thin  and  ofken  idcenited. 

^>^JV'  V  Diverticula   may  be   of  two  kinds, 

'^rv  ■     those  due  to  pressure  fnini  within  (/W- 

xinii-ilirrrlifiihi)  an<l  those  due  to  trac- 
tion from  ^vithout  {tnu:iioit-divirtirulo) 
( Fig,  226).  The  former  arc  more  com- 
monly found  in  the  up|)er  |Htrtion  of  the 
estijiliagus  or  the  lower  part  of  the  plw^ 
yiix,  and  arise  from  the  posterior  wall 
of  the  esophagus.  They  an-  due  to  thin- 
ning of  the  muscular  coat  and  to  he^ 
nious  protrusion  of  the  nuic<ius  rarffl- 
brane.  They  may  reach  consideralth' 
The  traction-diverticula  arc  mtt«t  fre- 


Fio,  226.— Tmptlrin-cllverlleo 
lum  of  the  PKopliUKiia  (modiHK 
trum  Uirch-Ulncbreld). 


size  by  gradual  distention. 
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quently  found  near  the  lower  end,  oppisite  the  bifurcation  of  the 
trachea.  They  are  caused  by  adhesion  of  diseased  bruneliial 
gland.s  and  fiubsenuent  contraction  of  tlic  attaclinicnts.  Tlicy 
occupy  the  anterior  wall  of  the  esophajrus  and  have  a  somewhat 
funnel-sliapc.  Perfunition  may  occur,  with  the  development  of 
septio  infection  of  the  pleuni,  jiericardiitm,  or  hings.  Perforation 
of  the  pulmonary  arteries  may  lead  to  fatal  hemorrhage. 


¥ 


PERFORATION  AND  RUPTURE. 


The  esophapjus  may  be  perforated  by  necrotic  or  suppurative 
pnx-esses  surrounding  it,  or  as  the  result  of  ulcers  proccedinfj  fnjm 
within.  Ancurj'sms  of  the  thoracic  aorta  occa.sionally  rupture 
into  the  esophapns.  Retropharynfreal  abscesses  and  phlcfjnionous 
inflammations  of  the  deep  cervical  tissues  may  likewise  discharge 
into  the  es(>phagus.  Perfon»ti<iu  by  ulcers  beginning  withiu  may 
be  due  to  the  lodgement  of  fiireigu  bodies,  ov  to  the  [ircssure  of  the 
jricoid  cartilage  in  cases  of  great  asthenia  (see  Pharkiix).  Per- 
foration of  the  lower  end  oi'  the  estipliagus  may  result  fi-om  pep- 
AC  ulcers  or  esophagomalacia  due  to  regurgitation  of  gastric  liquid 
•ither  before  or  after  death.  .Spoutaueous  rupture  of  the  esoph- 
igus  oc-casionally  takes  place.  In  these  cases  there  is  doubtless 
ilways  some  antecedent  weakness  of  the  walls. 


p  INFECTIOUS  DISEASES. 

Tuberculosis  of  the  esopliagus  is  extremely  rare,  and  most 
Freqiu-ntly  results  front  extension  of  tuVicrculous  adenitis  of  the 
bronchial  glands. 

Syphilis  occasionally  occurs  in  the  form  of  ulceration  and 
Bieiitri/.atiun,  leading  to  .stenosis. 

t Typhoid  ulceration  is  probably   more    frequent    than  has 
n  genendly  thought.     Occasionally  stenosis  is  caused  by  the 
cicatrices  of  the  healed  ulcers. 

Thrush  may  extend  from  the  mucous  membrane  of  the  mouth 
and  pharynx. 

TUMORS. 


» 


Flbrcmn,  jniffmn,  llpo-ma,  or  even  narrnma  may  occur  as  wime- 
what  polyjxjid  submucfnts  tumors,  but  are  nirc.  I'npiUomatn,  in 
the  form  of  outgrowths  of  the  mucous  membrane,  are  more  com- 
mon. 

The  most  important  tumor  is  carc'imnna,  which  is  n.sually  found 
in  the  lower  part,  generally  at  the  position  where  the  \r{\  bronchus 
crosses  the  esophagus.  It  may,  however,  be  found  at  any  part. 
The  squamous  variety  is  the  most  comnuin,  though  a  few  instances 
of  glandular  careinoma  an?  rceonlcd.  The  tumor  usually  involves 
the  entire  lumen  of  the  esoj)liagus,  projecting  inward  and  forming 

gular  elevations  of  the  mucous  niembrane.     Later,  the  grovitli 
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extends  outward  tlirougli  the  muscular  coat  to  the  fibrous  outer 
layer,  and  even  fo  the  surrounding  tissues.  Dihitation  occun 
above  the  tumor,  and  oecasionallv  jM-rforation  results  from  ulcer- 
ations lauserl  by  retained  food.  Local  or  more  distaut  metastJuic 
may  take  place. 

THE   STOMACH. 

CONGENITAL  DEFECTS. 

Complete  absence  of  the  stomach  has  been  found  in  certain 
monstrosities ;  but  stenosis  or  atresia  of  the  pylorus,  divisiou  bv 
the  foriDiitiou  of  S4'pta,  and  liour-gliiss  contnietions  have  l)een  mors 
fn'<]U<'nttv  observed.  In  eases  of  transjxisition  of  the  vis<;t'ra  the 
storuaeii  may  be  reversed  in  it.s  position,  the  pylorus  being  on  the 
left  side,  the  cardiac  end  to  the  right. 

CIRCULATORY  DISTURBANCES. 

Anemia  of  the  mucous  nienibrano  is  found  in  ca.scsof) 
anemia,  jiarlieularly  in  pi/rnicious  anemia.     The  mucosa 
extri'UU'ly  ]>!d]i<l  appearance,  and  is  prone  to  undergo  fatty  (Iqjw- 
cnitiou  and  atrophy. 

Hyperemia. — Arllve  conge^iiion  occurs  in  the  beginning  (itjg« 
of  iiiflainmiiliiiii  nC  the  mucous  mend)niue  of  the  stomach,  awl 
results  from  irrit4iting  itiecbanical  or  chemical  agents.  The  mu- 
cosa is  brigiit-red  in  color  and  may  pn'scnt  minute  hemorrh;ip'N 
Aloderate  hj'pereniia  is  functional  during  tlie  jhtIikI  of  digi'sti""- 

Passive  hi/pcreviia  occurs  as  a  result  of  obstructive  hcart-dii- 
ease,  or  more  particularly  from  obstruction  of  the  jwirtal  ciri'iihitimi 
by  cirrhosis  or  <itber  diseases  of  the  liver.  Pnliuonarv  artW'tions, 
by  interfering  with  the  outflow  of  blcHid  I'rom  the  right  side  oftbi' 
heart,  may  also  occasion  congestion  of  the  stomach.  Tiie  imioisi 
is  dark-re<l  in  color,  swollen,  and  often  etiematous.  Minute 
hemorrhages  may  occur,  and  small  erosions  may  appear  upon  the 
surface.  Tiiu  clumges  are  more  marked  near  the  pyloric  end  »l 
the  stomach.  Wh"u  the  congestion  has  persiste<l  for  stxne  time 
dark-reddish  ur  bluisfi  pigmentation,  usually  oct-urring  in  punctate 
forjo,  is  dcvi'lojH'd  and  rhniiiic  gastritis  residts. 

Hemorrhage  in  the  mucous  mcmijrane  or  from  the  mmiiu* 
mcmliriiTie  of  the  stomach  results  from  a  variety  of  causes.  Snal' 
petecliiic  are  met  with  in  active  or  passive  congestion  and  in  acute 
infiammatiiins.  They  are  also  pre.s<'nt  in  various  infcctimi'*  i* 
hemorrhagic  diseases,  such  as  purpuni,  scurvy,  septicemia,  and  the 
like,  and  in  anemi<'  atfections  like  pernicious  anemia.  In  miU'J' 
cases  pimctifnrm  h<'niorrhages  are  developwl  just  Ijcforc  death. 

Larger  hemorrhagi.-s,  and  particularly  hemorrhages  into  the 
cavity  of  the  stomach,  result  from  intense  pa.sfivc  congestion  in 
cardiac  di.sease  or  cirrhosis  of  the  liver,  and  fn.im  gastric  nlccra- 
tion  or  carcinoma.     When  large  vessels  have  not  been  ero*!^  the 
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[bicxxl  escapes  gradually,  and  may  he  vomiteti  in  a  semidigested 
lisorgaiiiafl  condition  {oirtV'e-jrroiind  vomit).  Tliis  is  peeu- 
liarly  significant  of  carcinoma.  Wlicn  one  of  the  larger  vessels 
has  been  ertnlcd   large  t(iiiii)titi<'s  of  fresh  lilood   may  be  vomited 

•and  rapid  death  may  oeeur. 
Mf/ama  neonaturiim,  the  vomiting  of  ld(RKl  by  the  new-lwrn, 
Tpsults  from  ga.stric  hemorrfiage  due  to  disturbanees  of  circulation 
due   to  insnffieiont   respiration,  and   jxjssibly   in  other  cases  is  a 
variety  of  infections  hemorrhagic  disease. 

■  INFLAMMATION. 

Acute  inflammation  of  the  mucosa,  or  acute  gastritis, 

results  from  irritation  by  chemical,  meehaiiieal,  or  thermal  agents. 
Some  ca.ses  are  tloiibtless  due  to  infection.  The  miieons  membnine 
is  bright-red  and  covered  with  more  or  less  viscid  miieons  exu- 
date. Pum'tatc  hcuiorrhages  may  o<'cur.  Mieniscopically  there 
are  fouml :  marked  mucous  degenenition  of  the  cylindrical  cells  of 
tiie  tubules,  and  des(|naination  and  gninnhir  degenenition  of  the 
euboidal  cells  in  the  fundus  of  the  glands.  The  mucous  uu'm- 
hrane  between  the  tulmles  is  infiltrated  with  round  cells,  and  not 
rarely  the  same  priK'css  m-curs  in  tlu-  submucnsu.  Tlic  (•nllcctions 
of  lymphatic  tissue  (fblliclcK)  in  the  nmcous  mcndirane  are  often 
hyperplastic.     Acute  gastritis  is  more  frequently  found  near  the 

ylorie  en<l  than  elsewhere. 
Pseudomembranous  gastritis  may  result  fi-om  the  inges- 

on  of  corrosive  poisons,  and  is  occasionally  seen  in  small-pox, 
typhus  fever,  and  various  forms  of  septicemia.  Tt  may  be  met 
■with  in  diphtheria,  and  may  be  due  to  diriH't  exlcnsioti  of  the 
process  along  the  esophagus.  The  surface  of  the  niueosi  is  cov- 
ere<l  with  an  irregular  membrane,  and  necrosis  and  idcenitiou 
are  not  rarely  observed,  esj)ecially  in  ca.ses  due  to  cornisive 
poisons. 

Ulcerative    Gastritis. — Small    erosions    nu\y    be    fiiund    in 

ses  of  extrctrx'  congestion  or  pcteeliial  hemorrhage,  as  well  as 
in  acute  gastritis.  Actual  ulcer.itinn  is  seen  in  psrudonietid>rauous 
gastritis,  and  occasionally  as  a  result  of  sc|)tic  embrdism  in  the 
mucosa  in  cases  of  malignant  endiH'anlitis.  Infectious  ulceratiftns 
occur  in  g-.istni-intestinal  tuberculosis  and  anthrax,  and  in  typhoid 
fever,  but  are  very  nire. 

•  Chronic  gastritis  may  result  from  repeated  attiU'Us  of  acute 
gastritis,  and  is  espei'ially  prone  to  o<'cim"  from  iiuprojH'r  habits 
of  eating,  or  from  the  abuse  of  alcohol.  Chronic  congestion,  .such 
as  occurs  in  heart-<lisease,  strongly  predisposes. 

Pathologic  Anatomy. — The  ap|M'aratiee  of  the  mucous  mem- 
bnmc  varies  greatly.  lu  the  milder  cases  the  surfjice  is  more  or 
less  irregular  and  gniuular,  and  is  covered  with  mucous  exudate. 
The  color  may  be  grayish,  but  in  cases  in  which  passive  congestion 
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has  prtH'wlf-il  the  clevelopnient  of  gastritis  it  is  often  slate-color 
from  pigiuenuition. 

Microscopically  there  nmy  be  foiuid  mucous  degeneration  o( 
the  cylindrical  cpitlicliuni  of  the  tubules,  and  desquamation  an<i 
not  rarely  proliferation  of  the  secretory  epithelium  in  the  fundi 
of  the  glands.  The  glands  may  lie  considcralily  dilated  and  filled 
with  mucous  exudate  and  desquamattsl  cells.  Tiic  interglandular 
tissues  are  infiltrated,  and  may  be  thickened  by  the  formation  «>f 
new  connective  tissue  ;  the  same  process  may  involve  the  sul>-i 
mucous  coat.  Tiie  blood-ves.sels  of  the  latter  are  often  greatlj 
dilated  and  their  walls  may  l)e  thickened.  In  the  later  st;igee 
the  glands  may  midcrgo  progressive  atropliy,  tht-  epithelium  tlis 
apiKiuring  jilmost  entirely  and  tlie  lumen  of  the  gland  lieeotning 
les-s  and  less  distinct,  t'oincidently  with  these  changes,  and 
to  some  extent  causing  them,  there  is  fibrous  overgrowth  i»f  the 
interglandular  tissues. 

In  some  instances  the  contraction  of  the  new-formed  conne 
tive  tissue  causes  protrusions  of  the  mucous  membrane  fir  polypoic 
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elevations  (Fig.  227).     These  may  still  further  enlarge  by  pro-' 
liferation  and  cystic  distention  of  their  glandular  elements.     lu 
other  cases  the  proliferative  changes  in  the  interglandular  tissues 
may  be  more  {lift'use  an<l  the  nmeous  membrane  more  regularly 
thickene<l.     To  liotli  of  these  forms  the  name  hi/prrtrophic  (/';*-J 
trilui  may  be  applied.      In  still  other  eases  the  formation  of  fibrous! 
tissue  causes  pressure-atrophy  of  the  glands  ;  the  surliice  in  the.se  j 
cases  becomes  smooth  an<l  tlie  mucosti  greatly  thinneil 

The  sclerotic  ]>rf)ccss  may  involve  not  only  the  mucous  mem- 
brane, but  als<j  the  submucous  and  even  the  muscular  coat.     Ii 


DISEASES  OF  THE  GASTRO-INTESTINAL  TRACT.        525 


«ucli  cases  the  thickness  of  the  wall  of  the  stomach  may  increase 
greatly,  and  the  size  of  the  organ  greatly  diminish  by  contraction. 
The  ternj  iulrrHtituit  gastritis,  or  [/(iMrophlhisis,  may  be  applied  to 
such  caw^. 

Pathologic  Physiology  in  Gastritis. — All  forms  of  gas- 
tritis cause  disturbances  of  the  functions  of  the  stomach,  desig- 
nated by  the  terms  ili/KpejtsIa  and  iiulit/CMtion.  These  disturbances 
are  due  to  abnormal  secretion  of  the  gastric  glands,  retluced  motor 
power  of  the  walls  of  the  stomach,  and  altered  conditions  of  the 
ner\'on8  meehunisni.  The  most  important  alteration  of  secretion  is 
rwluction  of  the  amount  of  liydrochloric  aci<l.  This  is  almost 
constant  in  uncouiplicjite<l  gastritis  ;  in  some  cases  there  is  practi- 
cally no  hydrochloric-acid  secretion.  The  ferments,  pepsin  and 
curdling  ferment,  may  In-  pnKluced  in  insufficient  amount,  but  are 
very  rarely  absent.  In  cases  in  which  certain  general  conditions  or 
nervous  affections  coexist  with  mcKlerate  gjistritis,  excess  of  liydro- 
chlori(«-aci<l  secretion  occurs.  Reduction  in  the  amount  of  hydro- 
chloric acid  causes  delay  and  inad('f|iiacy  of  digestion  of  proteids. 
When  the  acid  is  wholly  wanting  decomposition  of  the  proteids 
may  occur,  and  sulplniretttil  liydrf>gen  and  other  products  of 
deconi{)Osition  result.  Excess  of  hydnx-hloric  acid  interferes  with 
salivary  digestion  in  the  stomach,  and  in  consequence  fermentation 
of  carbohydrates,  with  production  of  lactic,  butyric,  or  acetic  acid 
and  of  various  gajjes,  takes  place.  Such  fermentation,  however,  is 
not,  as  a  rule,  observed  unless  the  motor  power  of  the  stomach  is  defi- 
cient and  the  foo<l  is  retained  in  the  .stomach  beyond  the  usual  time. 
It  ir,  not  improbable  that  toxic  substancc-s  are  jinxluced  in  some  cases 
hy  proteid  decomp)sition,  but  accurate  oljscrvations  arc  wanting. 

The  motor  power  is  usually  deficient  in  pn>portion  to  the  inten- 
sity of  the  gastric  disease.  In  some  cases  tlie  fb<xl  is  retained 
many  hours  longer  than  the  usual  periods,  and  fermentation 
and  decomposition  are  tlius  greatly  favored.  Dilatation  of  the 
stomach  may  be  brought  al)t)Ut  by  the  retention  of  food  and  the 
accumulation  of  ga-scs  of  decomposition,  and  the  dilatation  in  turn 
increafies  the  motor  insufficiency  of  the  stomach. 

Altered  conditions  of  the  nervous  mechanism  of  the  stomach 
manifest  themselves  in  a  variety  of  ways.  Sometimes  there  is 
exoe&Mve  irritability  of  the  mucosa,  cau-sing  vomiting;  in  other 
canes  a  feeling  of  heavinfss,  or  pain,  .\lterations  of  appetite  and 
of  gastric  motility  are  other  results  probably  brf)ught  about,  in 
part  at  least,  thnnigh  nervous  disturbances. 

The  general  metal)olism  suffers  profoundly  in  gastric  di.sease — 
mainly  in  «!onsequence  of  the  insufficient  f<Hxl  eaten  or  digested. 
Emaciation  and  systemic  depression  arc  tlie  clinical  consequences. 
It  is  j)robable  that  toxic  sul)stances  priKluced  in  the  stomach 
contribute  to  tlie  metabolic  disturbances,  but  this  remains  to  be 
proved. 
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GASTRIC  ULCER. 


Gastric,  peptic,  or  round  ulcers  are  most  frequently  found 
in  anemic  young  women,  and  are  probably  due  to  the  digestive 
action  of  the  gastric  juiee.  Similar  lesions  may  occur  in  the 
up]KT  end  of  the  ducxienum  and  in  the  lower  end  of  the  e60)>ha- 

Etiology. — The  great  majority  of  the  ca.ses  occur  in  young 
women,  and   particularly    in    those   sufi'ering   with   chlorosis   or^ 
anemia   and   general    maliiulrition.     The   jwithogenesis  of  thcseH 
iili-crs  has  occasioned  much  dispute.     It  is  admitte<l  that  they  are 
dm-  lo  the  action  of  the  ga.stric  juice  ufxin  parts  of  lowered  vitality, 
and  the  term  uIcuh  ex  dkiCKtione  is  therefore  appropriate.     The^B 
increased  acidity  of  the  gastric  juiee  in  chlorosis  is  an  important^ 
factor.     The  lowered  vitality  which  localizes  the  ulceration  haa 
been  ascribe<l  to  nuiny  i^u.ses.     Embolism  or  thrombosis  with 
infarction  was  suggested  by  the  shape  of  the  ulcers,  and   may  he 
the  explanation  for  some  cases.     8[>asm  of  the  blood-vessels 


Flo.  2S.— PepUc  nicer,  khowlng  erosion  Into  k  hlnod-veasel  In  the  floor  of  the  ulcer 

(BuUlnger). 


localized  area.s,  and  thickening  of  the  walls  of  the  vessels,  leading 
to  anemia,  have  lieen  suggested,  as  have  also  direct  traumatic 
injuries  of  the  mucous  memlirane  and  external  tntiimatism,  causing 
rents  of  the  nuicons  surliiee.  Circulatory  disturbances  due  to 
tight  lacing  are  supposed  by  some  to  be  imjwrtant. 

Pathologic   Anatomy. — Peptic    ulcers   are    usually   single,  but 
may   be   multi|)le.       They   are   commonly   sitimtwi    in   the   lesser, 
curvature  ami  the  jiosterior  wall  of  tlie  stomach,  near  the  pylorus ; 
oecasioually    they    are   found   at    the    funiius  or  ut    the    cardiac 
end.     They  vary  in  diameter  from  a  few  millimeters  to  three  or 
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five  oentimetere.  Their  shape  is  cimracteristic  in  that  they  have 
sloping  edges,  giving  them  a  funnel-form,  with  the  apex  toward 
the  muscular  coat.  The  edges  may  be  irregular  and  rough,  but 
are  often,  especially  in  older  ulcers,  quite  smooth  and  rounded. 


Fio.  2»  - 


Two  dangers  are  always  imminent,  hemorrhage  and  perfora- 
tion. Constant  oozing  of  bhiod  may  be  due  to  erosion  of  the  surface, 
and  larger  hemorrliages  may  result  from  ulceration  of  one  <>f  the 
larger  arterial  branches  of  the  stomach  (Fig.  228).     Perforation 


Fin.  310— StelUtc  lear  of  ■  heeled  ulcer  of  the  itcoiaeb  (BoUinger). 

il  leB  common  than  hemorrhage.  When  the  nicer  is  situated 
postoriorly  perforation  is  preventetl  by  adhesions  attaching  the 
stonutch  t<)  tlie  head  of  the  pancreas  or  other  stnictnres.  When 
the  uloer  is  in  the  anterior  wall  {wrforation  is  more  liable  to  take 
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place  (Fig.  229).  The  rupture  may  necur  into  the  peritoneal  cav- 
ity or  into  any  of  the  surrounding  struetures,  and  fistulous  com- 
munications may  be  establi.slied  with  the  pleural  or  perieanlial 
cavities,  or  even  with  tlie  exterior  through  the  alxloniinal  walk 
Absccsse.s  ol'  tlie  liver,  spleen,  or  pancreas  may  result  from  \a- 
forution  into  these  organs. 

In  tlie  healing  of  the  ulcers  scars  are  formed  in  the  wall  of 
the  stomach.  These  tiave  usually  a  rather  characteristic  stellate 
shape  (Fig.  230).  In  case  of  large  ulcers  extensive  scars  and 
coosiderable  contnietion  of  portions  of  the  walls  of  the  stomach 
result.  Hour-glass  contraetinn  of  the  organ,  or  pyloric  stenwii, 
may  lollnw,  iiiul  secondary  clianges,  such  as  gastric  dilatation,  mav 
ensue.  Careirioiuatous  transformation  is  a  not  infrequent  result 
of  long-standing  ulceration. 


ATROPHY   AND   DEGENERATIONS. 

Atrophy  of  the  glands  or  gastric  tubules  is  frequently  seen  in 
chronic  gastritis.  The  same  c(jndition  occurs  as  a  .senile  ebauge 
and  in  association  with  various  chronic  diseases,  e.spetaally  perni- 
cious anemia.  A  certain  amount  of  atrophy  of  the  entire  njucoos 
membrane  results  iu  a  purely  mechanical  way  from  gastric  dila- 
tation. 

Decrease  in  the  size  of  the  stomach  as  a  whole  may  be  the  re- 
sult of  chronic  gastritis,  when  the  new-formed  connective  tissue 
contracts.  In  such  cases  the  stomach  may  become  quite  small, 
the  walls,  however,  increasing  in  thickness.  Somewhat  similar 
shrinkage  in  the  size  of  the  stomach  (X'curs  in  some  instancrsof 
infiltrating  cancer  of  the  stomach.  The  tumor  may  involve  all 
parts  of  the  organ  eqiuilly,  and  cause  more  or  less  thickening  of 
its  walls,  l)ut  the  size  of  the  orgsm  is  diminisheti  by  contraction  of 
the  connective  tissues. 

A  form  of  true  atrophy  is  sometimes  caused  by  obstruction  of 
the  cardiac  orifice  ;  it  is  probably  <liie,  in  part  at  least,  to  the  in- 
sutficiency  of  food  admitted  to  the  stomach. 

Degenerations  of  the  mucous  membrane  of  the  stomach  are 
met  with  in  a.ssociation  with  inflammation  or  as  independent  affec- 
tions. 

Fatty  degeneration  of  the  epithelial  cells  of  the  glands  may  be 
the  result  of  intoxications  (phosphorus,  arsenic),  or  of  conditions 
sucli  as  those  which  lead  to  simple  atrophy.  The  <K;currene€  of 
atrophy  and  fatty  degeneration  of  the  gastric  tubules  in  cases  of 
pernicious  anemia  is  of  great  importance,  though  it  remains  un- 
settled whether  these  conditions  are  the  cause  or  result  of  the 
anemia.  Recent  investigations  would  indicate  that  freqoently 
they  are  the  cause. 

Pigmentation  is  met  with  as  a  result  of  cbronio  congestion  or 
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hemorrhage  into  the  mucous  membrane.  The  mucosa  has  a  dark- 
red  or  often  a  slaty  diseolonition,  which  'm  prune  to  he  tiistril)ute(i 
in  lines  or  in  cireumscribed  patclies.  Bbiisli  j>igmentati(in  oi'  the 
stoniaeli  .st)metimes  oocurs  from  tbo  ingetitiou  of  silver. 

Amyloid  degeneration  may  hv  foimd  aruund  the  bloctl-vessels 
of  the  subraucosa,  or  more  rarely  of  the  mucosa  itself,  in  eases  of 
general  amyloid  disease.     Amyloid  nieeratioiis  may  otrcur. 

Calcification  has  been  met  with  in  eases  of  bune-disi'ase  with 
surcharge  of  the  lilood  with  earthy  ssilt.^.  It  apjiejirs  in  the  form 
of  scales  or  plates  of  cnlci  Heat  ion  U|Hin  the  nnieusji. 

Oastromalacia,  or  simple  suftfiiin<i  of  the  walls  of  the  stomach, 
is  usually  a  jxtst-niortem  eomlitinii,  and  is  due  to  the  action  of  the 
gastric  juice.  The  nature  of  this  proces.s  has  occasioned  much 
discussion,  but  it  is  now  reeo}^uized  as  a  post-mortem  coiMliticm,  or 
as  a  condition  occurring  during;  life  oidy  in  the  aj^oiial  period.  It 
affects  the  fundus  or  posterior  |)art  of  the  stomach.  The  mucous 
menibnine  lieeomes  .soft  and  more  or  less  j^elatinous,  and  is  jjniyisli 
or  yellowi.sh  in  color  if  the  nuicosa  was  anemic,  or  brownish  in 
cases  in  which  there  wa.s  congestion  before  death.  Rupture  and 
discharge  of  tlie  contents  of  tlie  stomach  into  the  peritoneal  cavity, 
spleen,  or  other  adjacent  organs  may  oc<'ur.  The  walls  of  the 
stomach  in  the  affected  arr^a  slinw  granidar  degeneration  of  the 
component  cells,  but  no  evidences  of  inflammatory  reaction,  and 
when  rupture  has  occnrrc<l  there  are  no  reactive  inflammatory 
lesions  of  the  peritoneum,  showing  that  the  perforatitiu  occurred 
after  death. 


■  ALTERATIONS  IN   POSITION   AND   SIZE. 

Alterations  in  Position. — The  .stmnaeh  may  lie  dis]ilaced 
into  the  thoracic  cavity  in  eases  of  perforation  or  rupture  of  the 
diaphragm  (diapfirafpnntte  Itprnia).  It  may  he  displacetl  ante- 
riorly as  a  congenital  malp<isition  in  conse(|nenee  of  defects  of  the 
anterior  abdominal  walls,  and  may  in  such  cases  he  (juitc  exposed. 
Downward  dislocation,  or  f/itsfro/if'i.tin,  is  either  congenital  or  ae- 
quirc<l.  The  acquired  form  may  be  tlue  to  diseases  of  the  stomach, 
particularly  dilatation,  to  the  traction  of  inllannuatory  adhesions, 
to  enlargement  of  the  spleen,  and  probalily  to  tight  lacing.  Occa- 
sionally in  anemic  and  relaxed  women  all  of  the  idKlominal  vi.scera 
tenil  to  descend  (■<ij)lauclni(jpli)i<i.s). 

Dilatation,  or  gastrectasia,  most  frequently  results  from 
obstruction  of  the  pylorus.  The  latter  may  be  due  to  ci<"itri- 
zation  the  result  of  the  healing  of  ulcers,  to  fibroid  overgrowth 
and  contraction  the  result  of  chronic;  gastritis,  or  to  pyloric  carci- 
noma. The  pre.«sure  of  tumors,  of  a  movalile  kidney,  or  of  aneur- 
ysms may  act  similarly.  At  first,  jnloric  stenosis  may  be  com- 
ensated  by  hypertrophy  of  the  muscular  layer  of  the  stomach, 
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but  soon  dilatation  occurs ;  fiM)(I  stagnates,  fermentation  takes 
place,  and  tlie  dilatation  is  incroaswl.  The  mucosa  becomes  tiin 
and  ofttimes  degenenited  and  atrophic. 

A  second  group  of  cases  (atunic  ilihtalion)  is  independent  uf 
stenosis  ol'  tin-  |)_vloriis,  but  due  to  weakness  of  the  walls  of  tin- 
stomach.  Tlie  latter  may  be  the  rcsidt  of  chronic  gastritis,  or 
of  11  general  atonic  state.  Constant  overeatinjj  may  play  an  im- 
portant part  in  some  ca.ses.  Finally,  dilatation  may  result 
mechanically  from  abnormal  adhesions  of  the  stonuich. 

rHliilation  of  the  stomach  occasions  great  stagnation  of  food, 
anil  ill  cniisoijucufic  iiupcrfeot  digestion  and  deconi|MJsition  of  the 
fiHid.  When  hydrochloric  acid  is  absent  (as  in  cancervius  stcnmis 
of  the  pylorus  and  marked  atonic  dilatation)  lactic-acid  fenm-nta- 
tion  is  pronouticcd  ;  when  hydrochloric  acid  is  present  lactic  acid 
is  less  abundant  or  absent.  Sulphuretted  hydrogen  and  inflam- 
mable gn.s<'s  are  occasionally  formctl,  esjH'cially  in  casi-s  in  wliich 
liydnM'hloric  aci<l  is  pre>;ciit.  The  mucous  niend)ranc  of  dilatol 
stomachs  loses  its  absorptive  power  to  a  large  degree.  This, 
together  with  the  retention  i>f  ingested  litjuid  in  the  stomach  and 
the  cnnsequent  cessation  of  intestinal  absorption,  leads  to  great 
emaciation,  and  esiiecially  to  desiccation  of  the  tissues. 

Among  the  micro-organisms  met  with  in  the  gjistric  cont«itj 
the  Snrrinc  irn/rTC«//' are  of  interest.  These  occur  in  bundle?  of 
peculiar  square  form.  The  sarcina  is  more  I'requent  in  non-cancprofls 
than  in  cancerous  <lilatation.  In  cases  of  dilatation  due  to  cancer 
of  the  stomach  the  O])pler-Boas  bacillus  is  found  (see  below). 

INFECTIOUS  DISEASES. 

A  few  cases  of  (uberculous  ulceration  have  l)een  reconled,  and 
Bi/phililic  gummatn  or  ulceration  may  occur.  Diffuse  cirrhosis  and 
onliuary  gastritis  may  be  dc[M'ndcnt  upon  syphilis,  but  the  etio- 
logic  connection  is  uncertain.  Anthrur  may  lead  to  necrotic  and 
hemorrhagic  ulcers  of  the  nuu-osa.  T/iniah  is  rarely  met  with, 
though  the  spores  of  .siiccliaromyccs  are  frequently  present  in  the 
stomach  when  the  mouth  is  affected. 


I 


[tomd   ■ 


TUMORS. 

Connective-tissue  Tumors. — Fibroma,  myoma,  and  /»/k 
arc  occasionally  met  with  as  submucous  or  subserous  fKilypoidal 
tumors.     iSiirmmn  is  rare.     It  affects  the  lymphoid  tis.sues  of  thp 
deeper  parts  of  the  mucosa,  and  rapidly  spreads  to  the  submurosa  M 
(Fig.  231).     Most  cases  arc  of  the  njund-cell  variety.     Lyniplio  ■ 
sarcoma  of  the  adenoid  tissues  of  the  stomach  may  be  one  of  the 
lesions  of  leukemia  or  Hmlgkin's  disease.  ■ 

epithelial  Tumors. — I'ohffwid  elevations,  sometimes  with  ^ 
cystic  enlargement  of  the  glands,  occur  as  a   result  of  ehnmie 
inflammation,  and  may  be  large  enough  to  be  regarded  as  tumors 
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in  a  clinical  sense.  Adenomatous  proliferation  of  tlie  glands  is 
met  with  in  tlie  form  of  irregular,  Hat  tumors,  hut  these  so  raj)- 
idly   become    carcinomatous   tliat   juire   adenoma   scarcely  exists. 


11 


Hffi    Urn  run     f1lii    il   irnili  •■• 

kbiy  cM:currc<l  In  liic  mucoM  and  tubinucuMi. 


.11.  |.riib- 


Carcinoma   is  the  most   frequent   tumor  of  the  8tf>niach.     It 
oocurtj  in  advanced  years,  and  more  often  in  tiie  male  sex  than  in 
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female.  The  p)  ionc  eiiu  oi  the  organ  and  the  lesser  curva- 
tiir»-  are  tiie  favorite  sites,  but  other  parts  may  be  affected  and  the 
entire  organ  may  be  involved.    Cancer  of  the  stomach  may  apjiear 
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as  a  ring-like  swelling  of  tho  raucous  membrane  and  subin 
tissue,  surrotindiiig  the  pylorus  and  causing  stenosis ;  as 
or  less  circular,  Hat  elevations  in  the  lesser  curvature  or  el*- 
where;  and,  (iually,  as  a  diffuse  infiltration  of  the  mucosa, lob- 
niucosa,  or  all  of  tiie  coats  of  the  entire  organ.  The  mucous 
surface  is  generally  irregularly  elevated,  and  tends  to  becotw 
ulcerated,  especially  in  raeihillary  cancer  and  in  the  cases  io 
which  there  arc  loca!iz«l  flat  elevations.  Sometimes  portions 
of  the  cancerous  tissue  may  be  found  in  the  vomita,  and  the 
diagnosis   of  the   disease   may    be   thus   established   (Fig.  232|. 


m 


!**J^ 


Fio.  2S3.— Carcinoma  of  tht-  cardiac  end  of  tho  stomiich ;  pxtcn^ion  into  duodrnanrj 
dilated  eniiphagua ;  A',  ulcerated  carciuoma ;  17,  a  pcrfuraUug  ulcention :  M.  lUOM* 
(Orth). 

Perforation  of  the  wall  of  the  stomacii  may  residt  from  necnitir 
and  ulcerative  processes  (Fig.  233).  Tlie  neighboring  lympbti"" 
glands,  es|»ecially  those  in  the  lesser  curvature  of  the  stomadi, 
are  usually  iniplicafed  through  thi'  lymphatic  vessels.  Direct 
extension  t<>  the  pcritoueuui  may  occur,  espt-cially  in  cases  of  col- 
loid cancer;  and  metastasis  through  the  blood-vessels  is  extrcnitly 
couinion,  (.'ancerous  emboli  arc  fn'(|nently  found  in  the  ixirtal 
radicles  within  the  liver,  and  niulti])le  cancer-nodes  of  the  livfr 
are  usually  found  in  cases  which  have  e.xistetl  for  some  length  "l 
time.  Hematogenous  metastasis  is  most  common  in  soft,  ulcer- 
ating cancers. 

Varieties. — There  may  be  distinguished  hard  or  gctrrhoi" 
cancers,  soft  or  mcdnllur)/  cancers,  adenrjcarcinamaUt  or  maliffwwi 
admomata,  eylindruxd-ceUed,  and  stntamous-celled  crtrci'nomoto. 
All  forms  begin  in  tlie  raucous  membrane  and  spread  rapidly  f'> 
the  subraucosa.  The  muscularis  may  be  ]H>netrated  and  infil- 
tration of  the  serosa,  or  even  of  surrounding  tissues,  may  be 
observed. 


of  the  stomach  is  presfnted.     In  the  last-racntionfd  variety  the 
organ  may  be  greiitly  rodiiei'd  in  size,  tliimfrfi  tlie  wails  are  greatly 
tbickene<l.     The  mucous  surface  nirelv  iilci-rates  in  seirrhuf*. 
i        Medullary    or    soft,    cancer    usually    ajipears    as    a    lo<'aIized 
tumor   at    the  pylorus  or  in  the  lessiT  curvature.     The  mucous 


Fio.  235.— CKullflower  carcinoma  ofnylorus:  if,  Btomacb;  j>,  pylonu;  A  daodenum 

(Orth). 

membrane  is  irrej^ularly  elevated,  cifttimes  in  a  cauliflower  man- 
ner (Fig.  235).  lllceration  on  tlie  surface  is  common,  and  hem- 
orrhagic extrava.sjition  into  the  stomach  is  therefore  frequent.. 
Meta.stasis  through  the  hlood  is  liable  to  occur.  Complete  per- 
foration of  the  stomach  may  take  place. 
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Malij^niuit  aikmoma,  or  ndenocarcintima,  begins  as  a  prolifera- 
tion of  giistric  tiibiile.s.  The  ncvv-ibnuwl  acini  are,  honevcr, 
atypical  in  urrangoment  and  number,  and  there  is  a  tendency  to 
convursiun  of  the  normal  (Tliudrieal  eells  into  cuboidal  cells, 
and  to  extensive  eancenuis  infiltratinii  liv  excessive  formation  of 
acini  or  tnbnles,  as  well  a.s  by  destniciinn  of  the  basoment-nieiM- 
brane  of  the  acini  and  irregular  eetiular  invasion.  Tiie  appesr- 
anc-e  of  the  tumor  and  its  tendencies  are  the  same  as  those  ot  sof^ 
cancer. 

Cylindrical  cancer,  or  cylindrical  epithelioma,  probably  arisa 
from  the  cylindrical  lining  cells  of  the  stomach,  or  from  the  cclk 
ill  the  up|)er  jiarts  of  the  tubules.  Atypieal  tubular  aggregations 
of  cylindrical  culls  with  a  tetidency  to  conversion  into  culxiidal 
cells  are  observe<l.     The  pylorus  is  the  common  seat. 

Squamous  cancer  occurs  at  the  cardiac  end,  and  generally  in 
association  with  carcinoma  of  the  lower  end  of  the  esophagus.  It 
is  rare. 

Colloid  cancer  of  the  stomach  apjiears  as  a  hnuilized,  or  more 
fre(|ticntly,  <Iiffuse  iiitiltrating,  gelatinous  new  growth  of  the  miKxia 
and  sulwnaeosa.  Ilapid  exten.sion  tlirough  the  walls  of  the  stom- 
ach and  to  the  peritoneum  is  frecpient.  The  cells  autl  the  stroma 
of  the  tumor  show  myxoniatous  degeneration ;  and  the  epitlielial 
elements  may  in  the  later  stages  entirely  disap|M^r.  Exteniin 
iiiviision  of  the  peritoneum  is  not  iiifrcijitent. 

Pathologic  Physiology  and  Restilts. — Carcinoma  of  the 
stomach  is  most  friniucntly  situated  at  or  near  the  pylorus,  and 
therefore  interferes  with  the  propulsion  of  foo«l.  Stagnation  of 
the  stomach-t'ontents  and  fertneutntion  result.  The  latter  is 
favored  by  the  absence  of  hydrochloric-acid  secretion  so  habitiitilij 
observed.  In  consequence  of  the  stagnation  tiie  stomach  dilates 
and  may  reach  enormous  size,  not  rarely  filling  a  large  part  of  the 
al)df)niiual  cavity.  Lactic-acitI  fermentation  is  frequently  pro- 
nounced. Among  the  micro-organisms  present  in  the  stomach- 
contents  a  long,  thread-like  bacillus  (Oppk-r-Boas)  has  attracted 
much  attention,  and  has  been  supposed  by  some  to  occur  only  in 
cancer  of  the  stomach.  It  is  certainly  freipient,  but  just  as  wr- 
tairdy  not  jieculiar  to  the  disease.  Disturbances  of  metaboluim, 
with  loss  of  riesh  and  strength,  are  marked. 


\ 
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THE    INTESTINES. 


CONGENITAL  AND  ACQUIRED  ABNORMALITIES. 

Occasionally  tohtl  ahaencf  of  large  parts  of  the  intestinal  tract 
is  fouiifl  in  monstrosities.  Lesser  defects,  leading  to  natrotringnr 
di«(orfio>i  of  the  intestines,  an:-  more  frequent.  Marked  develop- 
mental defects  most  fniiuently  occur  in  the  rectum,  which  iiuij 
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be  oonipletelv  absent,  or  may  be  obliteratccJ  at  the  lower  end.     In 
such  cajies  there  may  be  fistulous  ('onmiunieatitms  with  the  uro- 
genital tract,  or  there  may  be  a  persistent  ehiaca,  as  in  fetal  life. 
Congenital  Enlargement  of  the  Intestines. — The  colon 

is  most  apt  to  be  aHl'i-tw),  atid  may  be  ;rrcat]y  ciilarirt'd. 

IHTerticilla. — I^R'ali/i-il  ililatations,  eonstilutioj;  divfrticula, 
are  frequent,  the  most  cuniiuoii  fnrni  beiufj  the  J/,cW«  divniicu- 
lum.  This  usually  arises  fnuu  the  ilmini,  alwut  a  meter  above  the 
ileocecal  valve,  and  is  attachf<l  to  the  iutcstiiK'  (tppnstte  the  mesen- 
tery. It  represents  the  ruiiiains  of  tlic  oniphalunH'si'iiteric  duct 
of  fetal  life.  Oceasioiuilly  it  has  bt-en  fotnnl  patidmis  to  the  um- 
biliens.  More  conimmily  there  is  merely  a  simi-t  divfrticulum  of 
the  intestines,  varying  from  a  few  to  sevr'nil  eL-ntinieters  in  length, 
and  having  a  closed  extremity  whieb  may  be  somewhat  dilated. 
The  extremity  may  be  connected  with  tJie  umbilicus  by  a  cord, 
but  is  usually  free. 

Diverticula  are  also  formed  in  later  life.  Yen,-  commonly,  in 
cases  of  constipation,  small  iHjui-hitigs  or  dilatations  (H'cur  in  the 
large  intestine,  particiilurly  in  the  des4-eiuling  colon  ami  rectum. 
Another  form  att'ects  the  small  intestine  more  commonly  than  the 
lai^  bowel.  In  this  there  are  fonnd  snudl  pouches  lyinjr  near  the 
mesenteric  attachment,  and  owing  their  origin  to  localizcil  weak- 
neas  or  separation  of  the  nuiscle-tiher.s  of  tiic  bowel.  I'n>tnisson 
of  the  mucosa  takes  place,  probahly,  ns  a  result  of  pressure  fritm 
within  ;  and  the  jwuch  is  tlierel'ore  a  liernious  projection  of  the 
mucosji  and  serosa.     Sueji  divertieida  may  be  ninltiple  or  single. 

Congenital  Abnormalities  in  Position. — The  jiosition  of 
the  several  |>artj<  of  the  intestinal  tract  may  vary  widely  IVfim  the 
normal.  Not  rarely  the  ascending  colon  and  cecum  are  situated 
on  the  left  sitle  ;  the  sigmoid  He.xnre  and  ijeseending  colon  being 
on  the  right  side.  Other  jdjnormalities  of  po.sition,  of  leas  practi- 
cal importance,  are  frequent. 

Enterocystoma. — A  congenital  cystic  condition  found  at 
the  umbilicus  has  Ijeen  ilescriln^d  as  cystic  dilatatiun  ttf  parts  of 
the  original  omphalomesenteric  system  of  the  fetus,  and  has  been 
named  entero<'ystoma. 

Dilatation. — More  or  less  uniform  enlarg<'ment  of  the  intes- 
tines may  result  from  long-standing  constipation.  Enormous 
dilatation  of  the  colon  is  stmietiines  soen.  In  this  the  wall  of  the 
intestine  undergoes  comjiensatory  hypcrtrojdiy,  and  small  jmuch- 
ings  or  flivertieula  arc  cfituttionly  observed,  es|R'('ially  in  the  rectum. 

Narrowing,  or  stenosis,  of  the  intestine  at  any  part  may  lie 
due  to  pressure  of  new  growths  or  displaced  viscera,  to  cicatricial 
constrictions  following  ulcerations,  or  to  neopla.sms.  Cicatricial 
stenosis  is  particularly  common  in  the  rectum  following  dvsenteric 
ulcer.  Narrowing  of  tlu'  lumen  may  be  due  to  an  ingmwth  of  car- 
cinoma or  the  presence  of  papillomatous  or  polypoid  tumors  within. 
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Hernia. — Tliis  term  is  applied  to  malposition  of  any  of  the 
viscera,  witli  displacenu-ut  of  tlie  organ  from  the  cjivitv  in  which 
it  normally  lies  ;  but  it  ims  been  more  particularly  applied  to  such 
displacements  of  the  intestines ;  and  the  single  term  hernia  is 
Bignificiiiit  of  intestinal  hernia. 

Ofcasionally  lierniie  are  congenital ;  more  often  they  «n 
acqtiireiL  Hernia  ocrnrs  at  the  points  wlierc  the  alKlominal  will 
or  the  peritoncnm  is  naturally  weak  from  the  emergence  of  vesstU 
or  the  existence  of  natural  outlets  or  has  become  weakened  by 
injury  or  surgical  operation. 

Etiology, — The  predisjxjsition  to  hernia  may  consist  in  iin- 
natunil  weakness  <jf  tite  abdominal  %vall,  especially  at  the  p<jintf 
where  heniia  is  likely  to  occur,  resulting  from  imperl'ect 
closure  of  such  portions  or  from  general  muscular  weakness. 
Abnormal  movability  of  the  intestines,  resulting  from  natural  or 
acquired  elongation  of  the  mesenteric  attach  ment«i  and  increased 
Weight  of  the  abdominal  contents  from  the  deposit  of  peritoiuil 
fat,  contributes  largely  to  the  formation  of  hernia!.  The  imme- 
diate exciting  cause  in  many  cases  is  strain,  and  probably  in  all 
cases  repeated  strain  helps  in  the  development  of  the  protrusion. 
The  most  fre(Hient  form  of  ventral  hernia  is  the  umbilical,  which 
occurs  especially  in  infants  as  the  result  of  imperfect  closure  of 
the  abdominal  walls  at  the   umbilicus. 

There  may  he  distinguished  two  gn)ups  or  varieties — the  inti't- 
ual  am]  the  external  herniie. 

Intemeil  Hernia. — By  this  term  arc  designated  hcmious  dis- 
placements of  the  intestines  into  other  cavities  within  the  Ixxiy, 
the  most  important  being  upwani  di.'^placement  into  the  thorw 
throngli  congenital  or  acquired  clefts  of  the  diaphragm  {diuphrag- 
matif  hernia) ;  and  bacKward  displacement  through  the  peri- 
toneimi  into  the  retroperitoneal  space  (retroperitoneal  henna). 

External  hernia  may  be  inguinal,  femoral,  ventral,  vaffind, 
rectal,  perineal,  ischintic,  or  ohturator.  The  most  frequent  of  tiiese 
are  the  inguinal  and  the  femoral.  In  the  former  the  protrusion  luav 
occur  through  the  external  inguinal  ring,  the  intestine  descemling 
through  the  inguinal  canal,  sometimes  as  far  as  the  scmtun)  {in- 
dired  itif/uinal  herniii).  In  another  gnnip  of  ca.ses  the  intestine 
pushes  directly  Ibrwanl  through  the  inti-nial  inguinal  ring,  ami 
may  present  anteriorly  under  the  skin,  or  may  descend  througli 
the  lower  part  of  the  inguinal  canal  to  the  scn>tum  (dirert  inrfuiwu 
hernia).  The  indirect  inguinal  licrniie  are  sf>mctimes  congenitalt 
and  arc  due  to  the  failure  of  closure  of  the  peritoneal  reflection 
which  pa.sscs  downward  tlirongh  the  inguinal  canal. 

Femoral  hcnitfc  are  especially  common  in  women,  and  are 
formed  by  the  protrusion  of  the  intestine  through  the  femorw 
ring,  the  hernia  presenting  on  the  inner  side  of  the  thigh,  at  the 
position  of  the  saphenous  opening. 

Pathologic  Anatomy. — Tiie  hernia  consistfi  of  a  sac  or  wJl 
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and  of  the  contents  of  the  hernia.  The  sac  is  usually  constricted 
at  its  junction  with  the  jjcneral  jHTitoneal  cavity  (neck),  and  dis- 
tended and  diluted  ontt-ide  of  or  l)ciovv  tliis  point  (fundus  or  body 
of  sac).  The  sac  of  the  hernia  is  always  lined  with  the  protruded 
portion  of  the  j>eritoneum.  The  contents  of  the  hernia  may  be 
coils  of  intestine  or  portions  of  omentum,  or  both.  Most  fre- 
quently some  jMirt  of  the  small  intestine  occupies  the  hernia,  and 
Kimetimes  simply  a  Meckel's  diverticidum  has  been  dis<'overed. 
In  rare  cases  the  sigmoid  flexure  or  other  parts  of  the  great  bowel 
may  be  found. 

Secondary  changes  often  ensue.  Inflammation  of  the  lining 
membrane  of  the  sac  and  of  the  intestinal  coils  nu»y  lead  to  fibrous 
adhciiions  constricting  the  neck  of  the  sac  and  binding  the  intes- 
tines firmly  in  place.  If  the  contents  of  the  hernia  have  receded, 
such  influinniatiou  may  obliterate  the  sac  completely  or  merely  at 
its  neck,  the  btwly  of  the  wic  in  the  latter  case  bc<'Oining  distended 
with  sentus  liquid.  In  cases  in  which  portions  of  omentum  are 
includetl  in  the  hernia  liypertropliic  overgrowtli  of  the  atliposc  tis- 
sue may  occur,  and  may  lead  to  appearances  not  unlike  those  of  a 
lipjma. 

Hemiae  are  described  as  being  rpf/»(vW»'  and  in-fthwible,  accord- 
ing to  the  ability  of  replacing  the  contents  into  the  peritoneal 
cavity  or  not.  Hernire  become  irreducible  when  the  coils  of 
intestine  arc  distended  by  the  aecumidation  of  fecal  matter,  when 
fibrous  adhesions  have  narrowe<l  the  neck  of  the  sac  or  bound  the 
coils  firmly  in  place,  or  when  additional  coils  of  intestine  or  por- 
tions of  the  omentum  have  descended  into  the  hernia. 

St^ang^lIated  Hernia. — This  term  is  applied  to  hcniije  in  which 
pressure  at  the  neck  liy  inflammatory  exudation  or  constriction,  or 
inveterate  obstrnciion  by  aecimmlating  contents  of  the  bowel,  has 
led  to  obstruction  of  tlie  circulation  in  the  intestinal  coils  of  the 
hernia.  Intense  passive  congestion,  inflammation  of  the  peritoneal 
covering  of  the  intestines  within  the  hernia,  and,  finally,  gangre- 
nous necrosis  are  the  fretjiient  n'sidts. 
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INTESTINAL  OBSTRUCTION. 


Complete  obstruction  of  the  intestines,  or  ileus,  may  be  due  to 
internal  strangidation  by  bands  of  adhesions,  to  a  twist  or  volvidus, 
or  to  intussnsce))tiou  or  invagination. 

Internal  strangulation  ntay  be  due  to  the  obstruction  of  a 
coil  of  intestine  by  fibrous  peritoneal  adhesions,  or  by  a  coil  slip- 
ping through  abnormal  openings  or  perfonitions  in  tlie  mesentery 
or  omentum.  The  persistence  of  the  cord  passing  from  the  entl 
of  a  Meckel's  diverticuhmi  to  the  umbilicus  is  an  tmusual  cause. 

The  results  of  internal  stningalation  are  generally  serious. 
Great  dilatation  occurs  above  the  point  of  obstruction,  the  intes- 
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tine  helow  becoming  collapsed.      Great  congestion   and  tni 
qupntly   ]K>ritouitis  occur  at  the  point  of  stricture,  and  necrofi' 
with  ])erli»ration  may  ensue. 

Volvulus  is  the  term  applied  to  a  twist  of  some  part  of  tli« 
intohtinal  canal.  Occasionally  there  is  simple  rotation  of  the 
bowel  about  its  own  axis,  but  more  commonly  a  loop  of  intestine 
twists  about  its  mesenteric  attm:hii)ent.  Abnormal  laxity  of  the 
mesentery  is  an  important  predisposing  cause,  and  may  be  a  wn- 
genital  conditiiai,  or  may  result  from  the  absorption  of  fatty 
de{M>sit  between  the  mesenteric  layers.  The  immetliate  cause  i« 
generally  strain  or  abdominal  compression. 

The  most  frwpiciit  seat  ot'  volvulus  is  the  sigmoid  flexure. 
The  Ixiwe!  above  the  jioiiit  of  obstrui'tiou  becomes  di.stended,  as  io 
interna!  strangulation,  while  the  coil  included  in  the  twist  itself  ia 
engorged  with  blood  and  frei|ueutly  pre.sents  hemorrhagic  infarc- 
tions in  eonsequenee  of  the  obstruction  of  the  vessels  in  the  mesen- 
tery. Gangrene  of  the  bowel  may  result.  Ctimplete  knot.-i  ire 
occasionally  observed  in  volvulus. 

Intussusception,  or  invagination,  is  a  condition  in  which 
one  part  of  intestine  slips  into  uii  ailjoining  part,  as  one  may  in- 
vert the  linger  l^f  a  glove  (Fig.  236).  The 
upper  part  of  the  intestine  is  nsually  indiipli- 
cjitcd  and  pushed  into  the  lower  jiart.  Ir- 
regiihir  ])eristalsi.s  rejiidting  from  intt'stiiial 
(lisonlers,  and  particularly  from  atony  of  one 
part  with  increased  activity  of  adjoining 
parts,  is  the  most  frequent  cause.  Oeea- 
sioually  polypoid  tumors  within  the  bowel 
are  dnigged  forward  by  the  jwristalsiN  and 
carry  the  higher  j>art  of  the  intestine  to 
wliich  they  are  attached  into  the  lower  jmrt. 
lutiissnsceptifm  is  more  common  in  chihiren 
than  in  adults,  and  atiects  the  ileocecal  regiflo 
most  commonly.  Not  infrequently  multiple 
invaginations  are  foimd  in  the  small  intes* 
tine  of  children  ;  these  probably  otrurdniing 
the  death-agony  or  jwst-mortem. 

The  ajipcarance  of  intussu.sception  is  sim- 
ply that  of  one  part  of  intestine  pushed  into 
the  adjoining  part,  with  .secondary  inflani- 
matory  and  congestive  changes.  Most  fre- 
quently invagination  begins  at  the  ileofwil 
regiiHi,  the  valve  ami  ihnmi  being  carrifl 
forward  into  the  ascending  colon.  Vtry 
rarely  the  ileum  itself  invaginates  through  tlie  valve.  The 
attachment  of  the  mesentery  leads  to  a  sharp  angulation  of  the 
area  of  invagination,  and  the  extent  to  which  the  pn)trusion  may 
occur  will  depend  upon  the  length  of  the  mesentery.     Ocea'sionally 
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PROLAPSE  OF  THE  RECTUM. 


the  ileocecal  valve  may  be  carried  through  tlie  cuUm  ami  rectum 
and  present  externally.  The  adjoining  si-roiis  siirtht-es  of"  the  in- 
vaginatiuu  tend  to  unite  by  peritoniti.s,  and  the  intiiswuseepted 
portion  may  bei-oine  gangrenous  and  be  di«ichurgcd.  If  [jeritonitis 
has  estalili.slied  union  between  the  ensheathed  and  the  euhlieathiiig 
section  of  the  gut,  recovery  may  ensue.     Otherwise  the  perforation 

rds  to  fatal  peritonitis. 
Prolapse  ol  the  rectum  in  eonsequeuce  of  weakness  ot  the 
sphincter  and  other  parts  of  the  wall,  togetlier  with  rei>eated 
straining,  is  a  common  condition  in  infants,  and  is  occasiunally 
met  widi  in  adults.  In  children  any  form  of  tliurrlu'a  nuiy  be 
complicated  by  prolapse ;  in  adults  clironic  |)roctitis  is  the  most 
frequent  cause.  The  weakened  condition  of  the  s|)hinetiT  in 
proctitis  furnishes  the  predisposition,  and  tin-  eliiimeteristie  tenes- 
mus of  tlie  disease  i.s  the  immediate  cause.  I'rolapsc  may  l)e  ()nly 
an  occasional  condition,  or  may  be  (constant.  Secondary  inflam- 
mation, ulceration,  and  even  necrosis  of  the  prolapsed  ywrtion 
may  occur. 

fa  ATROPHY    AND   DEQENERATIONS. 

Atrophy  of  the  mucosa  is  frec|nently  met  with  as  a  part  of 
chronic  enteritis  in  its  later  stages.  This  is  esjjecially  marked  in 
young  children  suffering  from  chronic  intestinal  catarrh  and 
marasmus.  Occasionally  atropliy  of  the  mucosa  or  of  all  of  the 
coats  of  the  intestines  luiiy  oei'iir  as  an  imlependeut  attection,  as 
the  result  of  innr.intie  or  ("icliectic  couilitious. 

Pigmentation . — I'igmentalimi  may  Ik-  due  to  hemorrhages 
in  the  mucosa  or  submucosii,  and  not  infrequently  after  intense 
hemorrhagic  inflammation  the  bowel  may  be  quite  black  from  the 
deposit  of  hematogenous  jugment.  Brownish  pigment  de|>osited 
in  the  muscle-<'ells,  an:dog<ius  to  tJiat  of  brown  atrophy  of  the 
heart,  is  occasionally  observed  in  old  and  cachectic  individuals. 
Similar  pigmentation  of  the  niu.scl<'-<'ellsand  also  of  the  subuiucosa 
or  mucosa,  of  even  inore  decided  chanu'ter,  occurs  in  youthful 
persons  addicted  to  alcohol.  The  intestines  alone  may  be  thus 
affected,  or  the  liver,  spleen,  lymphatic  glands,  and  skin  are  sim- 
ultaneouslv  involved.  The  term  hciiiodtrmiuitoitiii  {q.  it.)  has  been 
proposed  for  this  conditi<ni. 

Amyloid  deg^eneration  is  met  with  in  association  with  amy- 
loid disease  of  the  liver,  kidneys,  or  spleen,  and  particularly  in 
cases  in  which  there  is  tuberculous  ulceration  of  the  intestines. 
The  mucous  membnuie  is  principally  involved,  and  becomes  some- 
what hardened  and  presents  a  peculiar  grayish  luster.  Suju'rlicial 
erosions  and  even  considerable  ulcers  nuiy  result.  The  process 
begins,  as  eksewherc,  in  and  around  the  small  blood-vessels. 
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CIRCULATORY   DISTURBANCES. 

Active  hyperemia  may  .«<<ur  from  acute  irritation,  and 
forms  a  jmrt  of  iiiHainmatiuii. 

Passive  hyperemia  results  from  causes  similar  to  tbow 
producing  congestion  uf  the  stomach.  Among  these,  obstructive 
aiseases  of  the  liver,  notaltly  cirriio.sis,  and  caniiac  and  pulmonary 
attiM'tiuus  are  most  prominent.  The  intestinal  mucosa  l;)ecom« 
somewhat  swollen,  ofttimes  edematous,  dark  bluish-red  in  color, 
and  occasionally  marked  bv  jiunctate  hemorrhages.  The  mesen- 
teric veins  are  widely  dilated.  Occasionally  hemorrhagic  liquid 
is  found  witiiin  the  intestines,  the  points  of  hemorrhage  remaining 
undiseovcn'd. 

Hemorrhage. — Petechiie  are  found  in  many  oaaes  of  violent 
.septic  or  int'ectioiis  diseases,  in  intense  anemias,  and  a*  the  result 
of  marked  passive  hyperemia.  Embolism  in  cases  of  ulcerative 
or  malignant  endocarditis  may  lead  to  peteeiiial  hemorrhages,  «nd 
the  same  are  observed  as  a  part  of  tlie  morl)i<l  anatomy  of  intes- 
tinal anthrax.  Larg(>  intestinal  hemorrhages  may  occur  from 
tvphoid,  tiiljerculous,  dysenteric,  or  syphilitic  ulcer.itions,  or  fnira 
tlie  perforation  of  a  large  arterial  branch  by  a  peptic  ulcer  in  the 
duwlenum.  I leinorrhoids  may  occasion  considerable  hemorrluige 
from  the  n'ctum. 

Bdema  of  the  mucosa  may  result  from  passive  congestion,  and 
attends  acute  or  chronic  inflammations,  especially  the  more  inteiae 
forms. 

Embolism  and  thrombosis  of  the  mesenteric  arteries  are 
rare  conditions.     Embolism   may  lead  to  hemorrhagic  infarction. 

Hemorrhoids  result  from  varicose  enlargement  of  the  veins 
of  the  rectum.  They  are  usually  found  in  the  lower  part  of  tbe 
rectum,  inside  or  outside  the  sphincter,  and  a  distinction  is  niwie 
between  internal  and  external  hemorrhoids. 

etiology. — Obstruction  of  the  venous  circulation  is  the  import- 
ant etiologic  fjictor.  It  may  be  due  to  chronic  discsuses  of  the  liver 
(cirrhosis),  repeated  pregnancies,  j>elvic  tumors,  or  chronic  consti- 
jjation  \vith  frequent  retention  of  feces  in  the  rectum.  The  last- 
named  condition  acts  in  a  twofold  nmnncr.  On  the  one  hiwd.  it 
causes  venous  obstructitm,  and,  on  the  other  hand,  chrcjnic  proctitis, 
which  in  turn  occasions  discui.se  of  the  veins  c)f  the  rectum,  ami  thus 
pretlisposes  them  to  dilatation.  In  all  ca.ses  of  hemorrhoids,  wn- 
stipation  and  the  resulting  proctitis  are  important  as  nuxiliarj' 
causes.      Hemorrlioids  are  rarely  met  with  before  adult  age. 

Pathologic  Anatomy. — The  hemorrhoid  presents  itself  asa  snia" 
polypoid  elevation  of  more  or  less  congested  appearance.  0" 
section  it  is  foimd  to  be  highly  vascular,  and  to  consist  of  dilatiil 
veins.  There  may  be  a  congeries  of  slightly  enlaqj;ed  veins  o' 
cavities  of  considerable  size.  Between  the  veins  there  is  more  or 
less  abundant  inflammatory  connective  tissue.     Thromlxisis  often 
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occurs  within  tlie  cavities ;  and  ocoasioniilly  tlio  fibrous  tissue 
arouufi  tliem  umli^r^ps  active  proliffriitidu,  when  n  strui'ture 
resenililinj,'  tibro-jingioniata  results.  Hfniorrliagie  extravasations 
may  ot'our  i'rum  the  veins,  anil  free  liemorrliajre  fnmi  the  siirface 
is  a  commi>n  symptom.  Iiit'eetive  inHainniiition  and  phlebitis  of 
the  veins  sometimes  occur.  In  the.se  cases  the  Jicniorrhoid  en- 
larges and  becomes  inflamed  and  edematous.  Inflammation  of 
the  adjoining  tissues   may  occur  (proctitis,  periproctitis). 

Hemorrhoids  may  cause  marked  anemia  by  the  repeated  hem- 
orrhage.s,  and  sometimes  occasion  se[»tie  itifections  when  they  liave 
themselve.s  become  infected  and  inflamed. 


INFLAMMATIONS. 


[  Inflammation  of  the  intestines,  i.r  enteritis,  may  affect 
any  part  of  the  intestinal  i-aual,  and  involve  the  mucosa  and  sub- 
nnicosa  more  particidarly.  It  is  more  frerpiently  present  in  chil- 
dren and  in  the  agcil  tfian  at  other  periods  uf  life. 

Etiology. — Tile  causes  of  enteritis  are  similar  to  those  of  gas- 
tritis, and  amoirg  tfiem  may  he  rcckimcd  all  forms  of  irritating 
foods  or  foreign  matter  taken  ^\itli  the  ftMnl.  Poi.sons  of  various 
kinds  operate  in  a  similar  manner.  In  many  ca.scs  the  irritant 
poisons  which  occasion  enteritis  arc  develofx-d  within  tlie  liody  in 
coDsetjuenco  of  improper  digestion  and  Icruicntatioii.  liacicria 
piny  an  inipt>rtant  r6ic  in  this  proccs,s,  anti  sometimes  arc  them- 
selves the  direct  cause  of  enteritis  in  instances  in  which  im]iro- 
prieties  of  diet  or  digestive  disturtijinccs  have  furnished  favorable 
conditions  for  their  growth  and  nndtiplieation.  The  normal  colon- 
bacillus  is  p<Thaps  the  most  frc(|iient  and  important  micro-organ- 
ism of  onliiiary  non-spccifle  enteritis,  but  other  organisms  doul)t- 
les.s  frcfpiently  play  a  part.  Tin-  colon-liacilhis  (jroiialily  increases 
in  virnli'nce  luuler  cert.'iiii  conditions  and  then  oi'casions  irritation. 

Pathologic  Anatomy. — There  are  a  number  of  varieties  of  ente- 
ritis, and  different  ty|K?s  may  be  described,  thougli  individual  cases 
rarely  conform  to  a  single  variety.  Of  the  acute  forms  of  enteritis, 
the  important  are  the  catarrhal,  suppurative,  and  the  pseudomem- 
branous. 

Catarrhal  enteritis  may  afleet  any  jvart  of  the  intestinal  tract. 
The  mucosa  is  swollen  and  usually  light-red  in  color  ;  the  arteries 
are  visibly  distended,  and  not  rarely  there  are  petechial  hemor- 
rhages. The  surface  is  covered  with  mucous  exudate  containing 
desquamated  and  degenerated  epithelial  cells  an<l  emigrated  leuko- 
cytes ;  while  the  intestinal  contents  are  rendered  liquiil  by  serou.s 
exudation.  The  solitarv'  lollielcs  or  agmiuidcd  ecdtections  of 
lymphoid  tissue  may  be  particularly  swollen  and  cause  projections 
above  the  surntunding  nnicosa.  The  term  fo/!ieuhfr  entn-iiis  is 
applied  to  such  cases.  In  other  instances  the  desrpiamation  of  epi- 
thelium is  more  prominent  than  the  mucous  exudation,  and  con- 
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sidcrablc  shreds  of  mucosa  may  be  loosened  and  discharged.    TS* 
term  croupoun  enteritla  is  stit^fjested  by  siicii  conditions. 

Suppurative  enteritis  diBers  from  tlie  catarrhal  form  in  the 
greater  degree  of  emigration  of  leukocytes.  The  exudate  upon 
the  surl'ace  may  be  largely  composed  of  white  corpusch-s,  ana  in 
inti'iisi'  eiise.s  the  surface  may  be  eovereti  with  almost  pure  pus. 
Ri)iwid-cell  infiltration  of  the  mucosa  and  the  submucosa  is 
present,  and  i'ocal  rollections  leading  to  sul/niHcoxis  abgcttat*  or 
to  nlci-rs  upon  the  miieous  surface  are  occasionally  seen.  The 
solitary  follicles  are  enlarged  and  tend  to  break  down,  forming 
foUiciddr  itlffrK. 

Ulceration  of  tlii>  intestines  occurs  in  a  variety  of  conditioos.  Pntie 
u/cem,  similar  tu  tlioMC  met  with  in  the  stomach,  are  occasionally  founii  in 
the  duodenum.  They  have  the  same  <"har.ictera  and  tendencies  as  those  of 
the  Htomnch  ;  they  may  occasion  sudden  death  from  hemorrhage.  I'lwn 
in  the  duodenum  arc  also  an  occasional  result  of  extensive  burns  of  the 
skin ;  and  recently  attention  has  been  called  to  the  frequency  of  duodt-ntl 
ulceration  in  cases  of  chronic  Bright's  disease.  Ulcerations  of  the  ileum 
are  habitual  in  typhoid  fever  and  tuberculous  enteritis,  and  are  occasion- 
ally due  to  anthrax  or  actinomycosis.  Ulcers  may  be  found  in  all  formnof 
enteritis  of  childhood,  especially  in  intense  forms  and  in  cases  compliratinfi 
the  ('}ianthematB.  Sarcomata  and  carcinomata  are  rare  causes.  Ulcera- 
tions of  the  larjre  bowel  are  met  with  in  chronic  enteritis  and  dysentenr.  A 
form  of  peculiar  clinical  interest  is  ajtnt  fissure.  This  is  a  linear  ulcernlioo 
of  the  rectum  in  the  region  of  the  sphincter.  It  may  he  associated  witi 
hemorrhoids  or  may  be  independent. 

Pseudomembranous  enteritis  is  characterized  by  the  forrta- 
tion  of  it  grayish  nienihr.iur  ujion  the  surface  of  the  intestine. 
The  large  intestine  is  more  f^'quently  involved,  and  the  pnx'es 
is  especially  met  with  in  dysentery  (see  p.  547).  True  diphtheris 
of  the  bowel  with  p.-icudomembranous  dejwsit  may  sometimes  occnr. 

Chronic  enteritis  results  from  acute  attacks  or  from  repeated 
irritation.  Chronic  congestion  in  eoiist'iiuence  of  hepatic  or  l•«^ 
diac  affections  is  a  prcdis|K)sing  cause  of  inijiortance. 

In  the  early  stages  tiic  nuicous  membrane  is  usually  more  or 
leas  swollen,  ami  sometimes  prolifenitive  changes  in  the  glandnlsr 
elements  may  leatl  to  distinct  polypoid  elevatitms.  These  an' 
especially  pronouiH'ed  in  cases  in  which  the  healing  of  ulcers  of 
acute  enteritis  iuis  occasitmed  cicatricial  constrictions  and  thns 
elevated  ailjoiuing  parts  of  the  mucosa.  The  elevate*!  jiortions 
may  imdergo  jirnlit'cnitive  iuflamniation,  and  polypoid  formations 
result.  In  tlie  later  stages  of  chn)nic  enteritis  atrophy  may  ensn«. 
in  part  as  the  result  of  the  overgrowth  of  the  stroma  of  the  muoofa 
and  tlie  degeneration  of  the  glandular  dements,  in  part  aI.-*<>  as  the 
result  of  the  overdi.Hteritii>ti  or  tymjuiny  resulting  from  fermentation 
of  the  intestinal  contents.  I'his  atrophy  may  affect  the  niiiconi' 
membrane  alone,  but  more  eomnionly  also  involves  the  musculnris- 
Hy]>erplastic  processes  in  the  lymphoid  elements  may  \^e  a  promi- 
nent feature  in  the  hypertrophic  .stage  of  chronic  enteritis,  and  may 
give  place  to  atrophy  in  the  later  stages.     On  the  other  hand,  the 
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enlargement  of  the  solitary  follicles  and  Peyer's  patches  may  per- 
sist for  a  long  time  after  atnjphy  hits  led  to  gruat  thinning  of  the 
remaining  jwrtions  of  the  niufoyii. 

Pathologic  Physiology. — Ent<'ritts  may  oecnsion  pnifoimd  dis- 
turbaneew  in  a  variety  of  ways.  In  ease.s  of  infective  clianicteT 
genenil  systemic  intoxieution  may  result  from  the  absorption  of 
bacterial  products  or  substances  resulting  fi-oni  deeomposition 
of  the  intestinal  contents.  In  other  eases  the  intensity  of  the 
loi^il  irritaticiii  may,  through  the  nervous  system,  occasion  great 
depression  or  shock  ;  and  subsequently  the  exudations  into  the 
intestines  may  cau.se  depletion  of  tlie  vascular  system  and  failure 
of  the  circulation.  The  local  ettects  and  the  resulting  behavior  oi" 
the  bowels  difler  in  different  eases.  iSometimes  the  peristaltic 
movements  are  arrested  by  the  inten.sity  of  irritation  and  obstinate 
coDStipati<i[(  result.s ;  more  frctjuently  hurried  peristalsis  and  the 
abnormal  e.\udation  (serous  or  nuieous)  occasion  diarrhea.  The 
digestive  processes  fail  from  the  diseased  eoiulition  of  the  bowel, 
as  well  as  fnmi  the  rapid  jx'ristalsis  and  jiremature  discharge  of 
the  intestinal  contents ;  more  or  less  profound  disturbance  of 
health  results. 

■  INFLAMMATIONS  OF  SPECIAL  PARTS. 

Duodenitis. — DuiKleuitis  occurs  in  association  with  gastritis 
from  irritating  foot!  and  the  like.  The  a]»peanuices  are  the  same 
a.s  in  gastritis.  Duodenitis  is  prone  to  occasion  oijstruetion  of  the 
terminal  portion  of  the  common  bile-iluct  by  the  inflammatory 
thickening  of  the  mucosa  and  the  accumulation  ui'  mucus  in  the 
mouth  of  the  duct ;  and  in  this  way  gives  rise  to  obstructive 
jaundice  (ratdrrlinl  jtniHilice). 

Inflammation  of  the  ileum  presents  no  special  charac- 
teristics, excepting  that  enlargement  of  the  follicles  (fnllicular 
enieritiis)  is  frequently  conspieucms.  Follicular  ileitis  is  particu- 
larly common  in  children  suffering  from  infectious  fevers,  such  as 
diphtheria  and  scarlatina.  Peyer's  jiatclies  may  be  considenibly 
enlarged  and  even  ulcerated.  The  uleers  are  generally  small,  and 
several  may  occur  in  a  single  Peyer's  patch  instead  (tf  single  ulcers, 
such  as  occur  in  tyj>hoid  or  tuberculous  enteritis. 

T3rphlitis  or  cecitis  (inflammatiou  of  the  cecum)  may  be 
due  to  the  irritation  of  the  intestinal  contents  in  consequence  of 
constipation  [ttfcrcoral  t/fp/iUfin).  This  afll'ction  is  probably  very- 
frequent,  tliough  it  leads  to  no  severe  con.sequeuces  and  occasions 
no  urgent  sympttmis.  Typhlitis  is  probably  generally  of  the 
simple  catarrhal  variety,  Imt  in  obstinate  constipation  or  obstruc- 
tion of  the  colon  ulceratitm  may  iH'cur.  PerfonitiDU  or  extension 
to  the  surrounding  tissues  (periti/itlifit/K)  is  the  rarest  of  all  conse- 
quences. Usually  the  latter  is  secondary  to  inflanmiations  of  the 
apjK-ndix  verm i form i.s. 

Appendicitis  may  be  a  primary  condition,  or  it  may  result 
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from  primary  typhlitis  or  ceoitis.  The  inflammation  of  the 
miicoiia  of  the  cecum  may  extend  directly  to  that  of  the  appendix; 
or  may  cause  obstruction  of  the  mouth  of  the  appendix  in  the 
same  manner  as  duodenitis  causes  obstruction  of  the  common  bile- 
duct.  There  results  a  retention  of  the  contents  of  the  apponJix 
ami  rnu]ti])lic:itioii  with  increased  virulence  of  tlie  containtJ 
Imcteria  (Biicillus  <-()li  coiiiniunis,  sUiphylocix;eus,  streptococcus, 
and  others).  The  mucosa  of  the  appeudix,  rendered  less  resisUjii 
in  consequence  of  the  overdisteution  and  as-sociated  congestion, 
may  l»e  penetrated  by  the  microorganisms  and  appendicitis 
results.  In  many  ca.ses  fecal  concretions  are  found  within  the 
appendix,  and  less  commonly  foreign  botlics  of  various  sorts  have 
been  found.  TJiese  liave  been  assumed  to  he  the  direct  cause  of 
the  ilisea.se,  and  doubtless  may  play  a  }>art  by  irritating  the  muooea, 
or  injuring  it  in  sucIj  mamuT  that  micro-organisms  easily  pene- 
trate it.  On  the  other  hand,  there  is  much  reason  to  lx.'lievc  tlut 
the  fecal  concretions  arc  often  formed  in  consequence  of  tlie 
accumulation  of  mucous  and  desquamated  e[)ithclial  cells  anil  the 
stagnation  of  the  contents  of  the  apj)c[idi.\,  after  the  disease  has 
begiui.  Typhoid  and  tul>erculous  ulcers  and  actinomycosis  have 
been  found  in  tJie  ap|)endix.  These  lesions  may  occa.sion  sec- 
ondary appendicitis  of  an  ordinary  sort,  or  they  may  in  them- 
selves cause  the  syni]iloiiis  of  a[>pendicitis.  Obstruction  of  die 
arterial  supply  of  tin'  a[i])ciidix  was  formerly  regaitled  as  an  im- 
portant element  in  the  etiology,  Init  jirobably  is  only  of  secondarr 
importance.  Ajipcndicitis  is  less  frequent  in  women  than  in  men. 
This  has  been  ascriijcd  to  the  existence  of  a  more  adequate  hlnod- 
suppty  (the  supplemental  part  ilcrived  from  the  ovary)  in  women. 

Pathologic  Anatomy. — The  patliologic  anatomy  of  appendi- 
citis varies  in  diU'eriMit  cases,  and  we  may,  for  convenience,  dis- 
tinguish a  caUin-hdl,  a  nccriidr  or  (faiii/renoiij*,  and  an  intrrMud 
form. 

In  tlie  mildest  or  catarrhal  form  there  is  merely  retention  "f 
the  contents  of  the  appemlix  and  slight  disea.sc  (swelling  snd 
erosion)  of  tlu;  nuu-osa.  The  mus<'ularis  and  .serous  coat  may  lie 
congcste<l  and  edematous,  l)ut  arc  n()t  extensively  involve<l.  The 
contents  of  the  appendix  are  more  or  less  mucopurulent  in  cliar- 
actcr. 

In  the  necrotic  or  gangrenous  form  the  mucous  mcndirane  suf- 
fers rapid  destruction  and  the  muscular  and  .sennis  coats  arc  quickly 
invaded.  Fibrinous  peritonitis  soon  develops  in  the  serous  coal 
and  over  the  adjacent  intestiiu's,  either  as  a  result  of  p.-nctralinn 
of  bacteria  through  tiic  walls  of  the  appendix,  or  in  consequencf 
of  perforation  of  tlie  walls.  The  lo«d  peritonitis  serves  the  pur- 
pose of  restraining  the  infective  disease  and  prevents  diffus*'  jieri- 
tonitis.  In  cases  of  rapid  gangrene,  with  early  rupture  or  escape 
of  abundant  bacteria,  general  peritonitis  may  result  before  a  re- 
straining wall  can  be  formed. 
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The  term  int(.'r.-stiti:il  :i|i|)i'ii(Jiciti»  iiuy  Ix;  us-cd  to  doigiiatt' 
Bts  in  which  all  of  the  coats  of  tlic  aji|MiHlix  arc  involvcil  and 
in  which  there  is  a  special  tendency  to  pnKluctive  changes  in  the 
connective  tissiies.  In  rcalit}'  all  cases  of  appctidicitisi  fOmw  more 
or  less  interstitial  clianjrc  oi' 
this  chiiraeter  ( Fig.  237);  but 
in  riome  it  is  the  conspicuous 
feature.  These  cases  fre- 
quently tenninate  in  chronic 
thickening  of  the  appendix. 

Reeulta. — Mild  cases  of  ca- 
tiirrli;tl  apin-ndicitis  may  sub- 
side aftiT  free  purgation,  with 
n-iief  of  the  obstruction  at  the 
mouth  of  the  appendix.  In 
more  serious  inflammations 
and  in  cases  in  which  the 
struction  n^mains,  the  dis- 
tHf  Spreads  through  the  walls 
of  the  api)endix  to  the  jK-rito- 
neum  and  occasions  local  peri- 
tonitis ;  or  nipture  of  the  ap- 
pendix (KHMirs,  and  more  in- 
tfnse  l<Kral  or  general  perito- 
nitis follows  (?'ig.  2;W).  In 
fjtiier  case  tibrinous  dejxisits 
■ft!  formeil  ujHtn  the  jM'rito- 
neiun,  and  not  rarely  a  local- 
ized abscess  {jjcriti/jthlitlc  nh- 
*cefu<)  results.  The  api)endix 
it.-^-lf  may  Ik-  separat«'<]  from 
the  cecum,  and  may  lie  free  in 
tlie  ubs<'ess,  or  it  may  be  firndv 
cmlietided  in  the  fibrinous  wall 
'  the  absc<rss.  The  latter  may 
isequcntly  undergo  inspissa- 
tion,  but  more  commonly  rup- 
tures into  the  general  jK-rit/i- 
neal  cavity,  into  Hjmc  jiart  of 
the  iDtestincti,  into  the  ureter, 
blathler,  or  externally.  In 
casM  with  favorable  outcome  the  appendix  is  usually  bound  down 
bv  adhesion'',  attaching  it-elf  to  neighboring  coiU  of  intestine  or 
to  other  structure*.  The  appendix  in  such  cases  is  usually  dis- 
tortitl  and  greatly  tlii<'kene<l.  and  rc])<'atc<l  attacks  of  inflammatiun 
(rr/fiu*/«</  or  rfciirriny  (ij>j>niiliclli«)  are  not  unusual. 

There  is  g«'nerally  more  or  less  svstemic  intoxication  and  infec- 
tion, an<l  <legcneraiive  changes  and  nietJistatic  abscesses   may  be 
3S 
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Fio.  ar.— At'iilc  dpiM-iKlk-ltUi,  wlih  ronnd- 
Cfll  liiflUrnlloii  and  h)rp<Tj>l««la  of  connooilvc 
tlMUc  III  all  "ifthf  coot*  In  Unjr  imn  the 
r«>iinO  celN  of  Iho  mur'*a  &ntl  Mil>muco«a  be- 
Inttk'  tn  thv  nttniml  lymphujil  tlutuo  uf  thesti 
|«rt». 
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foiinil  in  distant  orjjans.     Not  rarely  pylephlebitis  and  metastatie  ' 
abscesses  of  the  liver  are  encountered. 

Colitis,  aside  fmni  tin-  spn-itie  liinn,  dysr-nter}',  is  mast  (k- 
quently  due    ti>  irritation  l>y  f'ec-al    aeemniilations,  and    the  sig- 
moid Hexnre  is  the  eonunon  seat.     The  entire  colon   may,  how- 1 
ever,  be  involved.     Tliickeuing  of  the  mucous  membrane  aniij 
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Flo  2S8.— Ulcerall  ve  (»nd  perfornUvp  iiprwiiillcltls,  sliowliig  jxerfomtloiis;  Iwo  feekl  Mi- 
creHoiH  fnim  nlhurriinc!!  of  iipiH'inUritla  tuii.HUHv>I  froin  Bi>Uiiiir:ri. 


>!'  mucus  are  tlic  prnniinent  features  of  the 
in  tlie  later  sta;xes  atroplvy  and  thinnings'* 


abundant  exudation 

earlier  stages ;  wliil* 

observed.      Ulcerations  are   not    nneoinnion.      When    tiie  uiu«'Ui« 

exudation  and  the  des([ii:iniated  cells  aeeunndate  upon  tiie  surface 

the  appearance  of  a  pseuiIonieuil»nine  is  simulated,  and  easts  of  the 

binvet  itr  masses  of  mucus  may  be  discharged  from  time  to  time 

(miii'oiiff  i'o/i/!.-<). 

Proctitis,  or  inflammation  of  the  rectum,  nniy  lie  dne  to 
direct  irritation  liy  retention  of  fecal  matter,  bv  parasites,  or  liy 
toxic  agents ;  or  it  may  ncenr  secondarily  after  various  otluT 
diseases  of  the  rectum,  such  as  tumors,  hemorrhoids,  and  tlio 
like.  The  inflammation  tends  to  become  ehmnic  The  rectum 
is  generally  involved  witli  the  colon  in  eases  of  mucous  colitis. 

The  mucous  nietubranc  is  eoiisiilcrably  swrillen.  often  cdpni.i- 
tous,  and  usually  presents  petechial  hemorrhages.  I'lcemtinD 
may  occur  secondarily,  an<l  extension  of  the  ulcemtive  pnx^fs  to 
the  surrounding  tissues  (periproctitis)  is  not  unusual.  In  thf 
latter  cases  tistulons  communication  may  be  establishecl  between » 
perirectal  abscess  and  the  rectum  (incinnpldf  fiMiila),  or  a  fistulous 
commnnication  may  form  between  the  rectum  and  tlie  extcrinr 
{complde  fistula  in  ano).     Sometimes  proctitis  is  secondary  to  pfi- 
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pnx!titis  occurring  in  diseases  such  as  ty[)lioid  fever,  pyemia,  and 
the  like. 

INFECTIOUS  DISEASES. 

Dysentery  is  a  spoeilic,  I'luloinic  or  epidemic  inflammation 
of  the  iar^  int^'Stine.  The  term  prubalily  includes  a  variety  of 
aHW'tions  due  to  different  causes. 

In  the  milder  cases  of  endemic  dysentery  tainted  frxxl  and 
products  of  fenneutjitiou,  with  perhii|»s  specific  bacteria,  are  tlie 
causative  agents.  Occasionally  certain  puisons,  like  mercury,  pro- 
duce similar  lesions.  In  cases  of  ulcerative  dysentery,  especially 
the  tropical  forms,  the  Amceha  coli  is  usually  n'gsinled  as  the 
specific  cause  (see  Part  I.).  This  (irg-.inism  jiroluihly  enters  the 
testinal  tmct  tliroujrii  drinkiu^-wuter  and  miilti]dies  in  the  l!ir<ie 
testine,  where  it  invades  the  mucosa  and  occasions  widesjiriad 
ulceration.  Recently  a  bacillus  resembling  the  typhoid  l)acillus 
has  been  discovered  in  certain  forms  of  tropical  dysentery  as  well 
as  in  endemic  and  epidemic  dysentery  of  North  .-Vmerica.  The 
bacillus  is  probably  specific.  The  etioloery  of  the  most  severe 
forms  of  dysenterv  remains  obscure,  but  the  association  of  certain 
cases  with  violent  septic  diseases  suggests  the  eausjd  factors. 

Pathologic  Anatomy. — iSoveral  varieties  may  be  distinguished, 
though  one  of  these  merges  f;radually  into  tlie  other. 

Catarrhal  dysentery  is  the  mildest  form,  charaeterizetl  Ijy  con- 
gestion, swelling,  and  e<lema  of  the  mucous  membrane.  Petechial 
nemorrliagf's  and  follicular  enlargements  or  ulcers  are  not  unusual. 

Ulcerative  dysentery  is  uuirked  by  swelling  of  the  mucosa, 
due  to  a  serous  or  sero-hemorrluigic  infiltration,  and  scattered 
ulcers  having  a.  more  or  less  irregular  and  ragged  outline  and 
undermining  the  mucosa.  The  ulcers  are  often  surrounded  by 
hemorrhagic  infiltration  and  covered  with  a  glistening,  sticky, 
mucous  or  mijeupurulent  exudate  which  is  often  mixed  with 
blfMnI  and  fibrin.  The  ulcerative  form  tends  to  become  chronic, 
causing  great  thickening  of  the  bowel  and  initolent  ulcers. 

Diphtheritic  dysentery  is  distingnisbed  by  the  presence  of  a 
pseudomendjranfius  de])osit  in  and  upon  the  mucous  niembrane. 
The  entire  wall  of  the  colon  and  rectum  may  be  covered  with  a 
grayish  or  brownish,  more  or  less  necrotic,  membrane  ;  or  smaller 
areas  of  like  character  may  lie  scsittered  here  an<l  there  upon  a 
thickened  and  catarrhal  surface.  In  the  mildest  cases  the  process 
is  enlireiy  superficial ;  in  the  severest  it  exteutls  deeply,  and  the 
muscularis  mucosre  and  even  the  submucosa  may  be  destroyed. 
The  detachment  of  this  ])seudomembrane  leaves  an  irregular  ulcer 
whose  e<Iges  have  a  gnawed  a|>iiearance.  The  ulcer  later  becomes 
dirty-gray  or  brownish  in  color.  This,  together  with  the  greatly 
swollen  snrrountling  mucous  membrane,  gives  a  sonu'what  cliar- 
Bcteristic  picture.  From  the  running  together  of  several  ulcers, 
11  islands  of  mucous  membrane  are  left  upm  an   ulcerating 
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base.  To  tlic  most  violent  of  all  form.*  the  term  (jitmrrami 
(li/nen(ei'i/  in  applicable'  Microscopically,  tiie  epithelial  cdU  sbim 
gnimilar  degeneration  and  become  more  and  more  necrotic.  The 
degenenited  cells  ofthe  niiicosa  and  suimiucosa  are  emijeildwl  iua 
fibrinous  or  niueolibrinous  iiiutrix,  and  round  cells  invatic  the  rucni- 
l)niiie  as  well  as  the  subjacent  tissues.  The  pseudonjen)i)nine  l» 
enniposcd  of  polvniorphuiiudcar  leukiK-vtes,  a  network  ol"  tihrin 
with  the  remains  of  the  necrotic  cells,  and  numerous  bacteria. 

In  the  aniiebic  form  the  ama?ba  coli  may  be  found  in  thf 
mucous  mcndjrane  near  the  site  of  a  beginning  ulcer.  If  ulwrs 
have  already  forniiH],  the  amteba-  may  be  found  in  tlie  detper 
tissues.  Here  they  cause  necrosis,  with  very  little  evidence  uf 
inllammatory  reaction. 

Eesults  of  Dysentery. — In  ail  cases  tliere  is  a  t«'ndency  u 
chronic  thickening  or  inttannnation  of  the  large  l)o\veI ;  audi 
nnicous  colitis  or  merely  a  tendency  to  iv|K'ated  acute  colitis  inar 
remain.  Occasionally  perfuration  occurs,  and  peritonitis  or  jn'ri- 
proctitis  results.  The  nmst  fretpient  com  plication  i.s  absri-Si^  of 
the  liver  resulting  from  en>iMili>in  or  frum  ascending  tiinjiuixeiii 
of  the  portal  vein.  In  amebic  dysenten'  the  Ama4m  coli  ii 
carried   to  the  liver  in  emboli  and  <jccasions  .secondary  changt*. 

Cholera. — Cholem  ejiidcmica,  or  Asiatiwi,  is  an  acute  s|)eci(ic 
iiiHaintiiation  of  the  small  aiul  large  intestines,  due  to  the  comnia- 
bacillus  or  vihrion  of  Koch.  This  nn'cro-organisni  is  found  iti  llu' 
great  niajiirity  of  ense.s,  Ocrasinnally  it  is  not  tliscovered,  wliile 
other  micro-org:inisiiis,  IJaoillus  culi  conununis  and  streptiK-mri. 
art*  present.  It  is  jmibalde  that  in  these  instances  errors  of  ol)ser- 
vation  cause  the  failure  of  detection. 

Pathologic  Anatomy. — Cholera  is  characterized  bv  rcdnes-s  awl 
swelling,  and  not  rarely  by  petechial  ecchymosis  of  the  niiHXKi,* 
niembnine,  particularly  of  the  small  intestine.  The  siijK'rficial 
epithelium  suffers  early  and  extensive  degeneration,  perhap  » 
form  of  coagulation-necrosis.  The  solitary  follicles  and  the 
agininuted  glands  may  enlarge  and  may  snfl'er  ulceration.  Tlif 
intestines  contain  and  discharge  a  sennis  exudation,  often  in  hirp' 
(piantities,  and  eontaiuing  gravLsh  or  whitish  particles,  which  sP' 
flakes  of  desipiatnated  and  degenenited  epithelium.  The  f<-'ni' 
"rice-water"  discharges  is  apj)lied  to  the  evacuations.  Elxttn- 
sive  areas  of  the  mucous  memljnuie  may  be  laid  bare  hy  the 
desquamation  of  the  cpithelinm.  When  cholera  ha.s  passed  t" 
its  later  stages  secondary  pseudomembranous  inHanmiation  of  'In' 
mucous  rnembniue  is  nut  lunisual,  and  i.r.  probably  the  result  wf 
secondary  infeclion. 

Associated  Conditions. — The  bhwd  is  tbickeue<l  and  dark-rc<l  in 
color  ;  thrombosis  in  the  heart  or  venous  sinuses  is  fre<|Ueiit.  Tk 
kidneys  present  marked  congestion  and  degeneration,  which  ai« 
dependent  upon  the  action  of  the  to.xins  of  the  disease.  Lt)t)uliir 
pneumonia  is  a  common  coni])lication. 
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Typhoid  fever  ittlietinpuiphed  In- an  aciito,  specific  inflamma- 
tion nj"  the  lynipliiiid  clcnunt.-i  of  tiii'  int«'!*tinc.'>, piirticiihiriy  of  the 
ilttim  and  upper  p)rtion  of  tlic  union.  Tiu'  !-|)ccific  ctuisc  is  tiic  Ba- 
cillus typhi  alHloniinalis,  descrilH'il  hy  Ebcrth  ami  (Jafl'ky.  This  or- 
ganism enters  the  gastro-intestinal  tract  with  rlrinkinfr-wafer,  milk, 
or  otliiT  fo(«l,  ami  multiplies  in  the  .»mall  intestine  (see  Part  I,), 

Pathologic  Anatomy. — The  spi-eitie  lesions  of  typhoid  fever  oc- 
enr  in  the  Iymphati<'  structures,  iintalily  in  tiie  solitary  follidcti, 
PeyerV  [mtciies,  mesenteric  trlands,  ami  spleen. 

The  solitary  follieles  and  Peyer's  patches  of  the  lower  end  of 
the  ileum  are  first  artected,  hut  later,  or  exceptionally  in  the  l)e- 
l^iiiniii);,  the  lymphoid  collections  of  the  upper  part  of  the  ileum 
and  jejunum,  or  of  the  cecum  and 
colon,  may  he  iiiNolved.  At  first 
the  follicles  and  patches  are  swol- 
len and  somewhat  reddened  hy 
congestion.  Within  a  few  day.s 
of  tljc  ons<^t,  however,  they  losi' 
their  congestctl  ap|)eanince  an<l 
pn-wnt  themselves  a.s  gniyish  or 
white  elevations  projecting  from 
one  to  .several  millimeters  al>ove 
the  surface  (Fig.  239).  Micro- 
.scopictilly  the  lymphoid  elements 
are  foun<l  in  a  state  of  active  pro- 
liferation, an<l  in  addition  largi- 
roun<l  cells  (cndotheli.'d  or  I'piilic- 
lioi<I)  an-  more  or  less  abundant. 
These  Inrgi"  cells  are  actively 
pluigiK-ytic,  and  have  been  dis- 
<-ovrr<'d  in  till'  lymphatic  <"hau- 
ne|s  at  some  distance  from  the 
liK-ul  lesi<<ns,  as  well  as  in  the 
mesenteric  glands,  and  in  distant 
jKirtB.  The  surnjunding  mu<'osa 
may  l>c  normal  in  apj)earance,  or 
may  be  siimewhat  inflamed.  The 
conditions  of  the  lymi)hoid  struct- 
ures at  this  stage,  to  which  the  ti-rm  nirtliiHari/  iiifi/trafimi  has  iM-cn 
applied,  remain  unchanged  for  ?ome  ilavs  or  a  week.  Aftrr  the 
first  week  ne<'n»sis  is  prone  to  ix-eiir.  The  center  of  the  solitary 
follicles  <.r  pjirl  of  the  Peyer's  patch  becomes  more  and  more  sofl 
and  vellow,  or  some-times  re<ldish  from  absorption  f if  bhxMl-pigment. 
The  nccnitic  portions  are  discharged  after  a  few  days,  leaving  an 
ulctTat«'<l  surfjK-e  of  regular  or  irregular  outline,  and  presenting 
necrotic  e<lg<'s  with  hemorrhagic  infiltration  (Fig.  240).  The  ul- 
wrs  rcwdting  fmin  destruction  of  the  solitary  tijilicles  are  small 
and  rouiide<i,  while  thost-  involving  the  I'eyer's  patf^^hea  arc  elon- 


Ftu.  J-.'-i  -  ty}<U"l>i  I'l'Vcr.ttUowllluntilKV 
I'f  loetlull/iry  intlltrntlnn'.  eiiliirut-iniMit 
nf  lyiiij'liiilil  r<>Uli^I>.'!i  oiwl  PtyiT"  |«ilrli>:4 
luiiMUned  from  Kustond  Uuiupvli. 
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gated,  tlie  long  axis  being  |)iirallul  with  the  axis  of  the  iiittstine. 
The  iiiriTs  art'  iisiiiilly  IVhukI  in  an  aeuto  stage  at  the  end  of  iIk 
8ecou<f  or  at  the  b(!ginniiig  of  the  third  week  of  the  disease.  Rcso- 
Ititinri  may  (M'riir  without  netTosi.-*  and  ulceration,  but  more  ajni- 
nioiily  ulci'i-s  are  foritifd  anil  healing  prtK'feds  more  slowly.  Tlw 
lvin|)linid  I'k'nu'iits  i>i"  thi'  tollicles  ant!  iKit<'hes  arc  usually  jxTim- 
nently  ilestroyL-d,  and  healing  takes  place  by  proliferation  of  tL<- 
fibrous  stroma.  Occji.sionally.  Iiowever,  e<»mplete  restitutiou  of 
the  normal  ti.ssues  oeeurs.  When  the  lymphoid  foUieles  of  tl« 
|)atches  have  become  necrotic  and  have  been  infiltnite*!  with  hUd 
dark  pigmented  spots  are  formed,  and  give  rise  to  the  couditino , 
designated  as  the  "  sliaven-beard  "  apj)earance. 


Tio.  240.— Typhoid  fever,  showing  necrosis  of  Fever's  patches  and  tnteoK  eoogtatlon  of 
the  bowel  (miHllHeil  rnini  Kast  auil  Rumpel). 

Complications. — Extensive  necrosis  may  lead  to  erosion  of  i 

bloocl-ve.ssel  ami  heinorrlii>g»' ;  or  the  wall  of  the  intestine  maybe 
completely  jMTftmitnl  by  the  necrotic  process,  and  fatal  {KTitoiiiti* 
may  result.  In  other  in.stanct's  peritonitis  <K'curs  without  [uTt'on- 
tion  by  direct  extension  of  the  iiiHaiiiniatory  process  through  tiie 
intestinal  wall.  Very  commonly  slight  reactive  peritonitis  is 
found  on  the  serous  surface  opposite  the  ulcers.  Extensive  fK'ri- 
tiinitis  niri'ly  o<'cui-s  in  this  way.  Peritonitis  in  rare  instances  K' 
suits  from  necrosis  of  the  mesentery  glands,  or  from  rupture  «f 
the  spleen. 

Tlie  mesenteric  glaruls  are  clmractcristically  enlarged,  tlK« 
nearest  the  ]H)ints  of  ulceration  being  first  and  most  prominently 
involved.  In  the  first  .stage  they  arc  sofl  and  dark-red  in  color, 
exuding  a  small  amount  of  lirpiid  on  section.  Later  tliey  UwiniP 
larger,  harder,  and  nf  whitish  appearance;  they  may  finally  siiflVr 
necrosis  and  rupture.  Usually,  however,  resolution  takes  pla« 
after  the  first  stage. 

The  spleen  is  enlarged  in  most  cases,  and  presents  the  clmrao- 
teristics  of  acute  splenic  tumor.  Very  rarely  {)crispleniti$  <" 
abscess  may  occur. 
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al>ove  the  surface.  Soon  they  undcrffo  neerosis  and  discharge 
their  contents,  leavinff  more  or  less  irregular  easeous  idcersi.  The 
fiillioiilar  nle#rs  arc  small  and  ronn<lcd,  Imt  the  more  characteristic 
lesion  is  an  irregular  ulcer  extendinir  transversely  to  the  long  axis 
of  the  howel  and  often  involving  a.  half  or  more  of  the  entire  cir- 
cumference. These  ulcers  nsually  begin  as  follicular  ulcers;  later 
the  suhniucosii  is  invadetl  and  the  tiihercidous  process  extends  in 
a  lateral  direction  along  the  lymphatic  channels  running  toward 
the  mesentery  (Fig.  241). 

Micmsc<ipically  the  changes  are  found  to  involve  the  tniicoua 
mcmbnjiie  and  the  adjacent  submucous  coat.  Early  caseation  is 
characteristic.  On  the  senius  coat  may  often  be  seen  gmnnlar 
elevations  in  clusters  ojijxtsitc  the  idcers  in  the  mucosa,  and  ex- 
tcniling  in  lines  from  the  region  of  uleenition  around  the  Iwwel 
toward  tlie  mesentery  (Fig.  242).     These  represent  tuberculous 
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Fk;.  242— Mill«ry  tubercleg  in  clusli 
of  (lie  liiu-atlnr  :  tht;  cluntera  nrv  tiitimiv 
(modlflcd  frum  BollinBeri. 


'  ininiit«t1  over  the  serosa  (peritoneum) 
jlvemtluus  of  tlie  mucous  membrane 


lymphangitis  and  small  miliary  tuberc:les  in  the  course  of  the 
suliscmus  lymphatic  vessels. 

Tuberculous  uleenition  rarely  causes  iK>rforation  of  the  bowel, 
excepting  in  the  rectum,  where  periprwtitis  und  Jiatula  in  ano  may 
result.  The  ulcers  may  hejil,  causing  cicatricial  distortion  or 
stenosis.  Very  coniinonly  there  is  associated  tuberculous  enlarge- 
ment of  the  mesenteric  ghuuls,  and  soiiietimes  the  latt<T  arc 
extensively  diseased,  thimgli  the  primary  intestinal  invfilvcment  is 
insignificant.  Generalized  enteritis  of  catarrhal  chanict<T  may 
accoi]i(iaiiy  the  specific  idcerative  disease. 

Syphilis  is  most  frcfpient  in  the  rectum,  though  oases  of 
sypiiilitic  disease  of  the  small  intestine  or  colon,  in  the  form  of 
localized  ()r  dit!\ise  gummatous  involvement,  sometimes  with 
secondary  ulceration,  have  been  observed,  particularly  in  cascti 
of  congenita!  syphilis. 
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In  the  rectum  syphilis  may  appear  in  the  form  of  warty  eleva- 
tions or  as  a  chancre ;  also  as  mucous  patches,  gummatous  nodules 
or  infiltrations.  Considerable  thickening  of  the  mucosa  and  sub- 
mucosa,  with  ulceration  and  secondary  cicatrization  and  stenosis 
{«yphilitic  stricture),  may  result. 

Anthrax  occasionally  affects  the  small  intestine  in  persoas 
exposed  to  infection  by  their  occupations.  It  is  met  with  among 
wool-sorters,  bru^hmakers,  tanners,  and  the  like.  More  or  less 
extensive  ulceration  is  seen  in  the  small  intestine,  and  sometimes 
in  the  large  intestine.  The  ulcers  are  dark-colored  and  necrotic 
in  appearance,  and  are  commonly  surrounded  by  a  hemorrhagic 
zone.  Considerable  edema  and  hemorrhagic  infiltration  of  the 
neighboring  parts  of  the  intestine  may  accompany  the  ulceration. 
The  neighboring  lymph-glands  and  the  spleen  are  enlarged.  The 
bacilli  of  anthrax  are  found  in  considerable  numbers  in  the  ulcers 
and  in  the  surrounding  tissues.  j 

Actinofflycosis  of  the  intestines  is  very  rare.  It  most  com- 
monly affects  the  region  of  the  cecum,  causing  first  infiltrations 
and  then  ulcerations  of  the  mucosa  and  submucosa. 

Bnteromycosis  is  a  term  applied  to  intestinal  affections 
resulting  from  the  ingestion  of  putnd  meat,  fish,  sausages,  and  the 
like.  Occasionally  considerable  epidemics  may  occur.  The  intes- 
tines may  present  the  lesions  of  catarrhal  enteritis  or  of  intense 
croupous  or  pseudomembranous  inflammation,  and  there  may  be 
enisions  or  ulceration.  Micro-organisms  of  various  sorts  have 
Ijeen  discovered,  but  no  specific  form  is  recognized.  The  acute 
general  symptoms,  and  even  the  local  lesions,  may  be  caused  by 
poisons  elaborated  by  bacteria  in  tainted  foods,  rather  than  by  the 
micro-organisms  themselves. 

TUMORS. 

Connective-tissae  Tumors. — Among  the  benign  tumors  of 
the  intestines ^rowuj,  inj/xoma,  and  lipoma  are  occasionally  met  with 
in  the  submucosa  as  small  nodular  tumors  or  as  pendulous  polyps. 
They  may  occasion  intestinal  obstniction  and  even  invagination. 

Sarcoma  of  the  intestine  is  rare.  Lymphosarcomatous  or  lym- 
phadenomatous  enlargement  of  the  solitary  follicles  or  Peyer's 
patches  may  be  met  with  in  leukemia  or  pseudoleukemia.  Round- 
celled  sarcoma  springing  from  the  submucosa  and  deeper  layers 
of  the  mucosa,  and  st)metimes  infiltrating  the  mesentery,  may  also 
occur  as  an  independent  and  primaiy  affection.  Nwlules  of 
secondary  sarcoma  are  not  rarely  met  with  in  the  mucosa  and 
submucosa  of  the  intestines  (Fig.  243),  and  the  serous  covering 
may  be  studded  with  miliary  nmlules  in  sarcomatosis. 

Epithelial  Ttimors.— Anic>n<r  tlie  epithelial  tumors  may  be 
included  inflammatory  jxipUhma,  oilrnnma,  and  carcinoma. 

Inflammatory  hyperplasia  of  the  mucous  membrane  may  occur 
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in  ii.ssficiatiiHi  with  uliroiiie  intlaiiiiiuitiiins,  espt-oially  in  the  large 
intestine,  ami  may  lend  tn  the  forniution  ut' }>u|)illomatou:i  or  pok- 
poid  elevaiioiiH  of  considerable  luagnitude. 


Fm.'JtS.—Nndule  or  secondary  sarcoma  In  the  inuriwaof  the  Intestine  (Kaat  and  Rnmpell' 

Adaiomata  are   more  strictly  of  the  nature  of  tumors,  being 
indeiM'udent  uf  inttaiiiuiatory  processes,  although  no  sharp  dividiug- 
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Pio.  244.— Corrlnoma  of  the  duwlennl  piipillB  (nKHlifled  from  Kiut  and  Rumpfll 

lino  can  He  drawn  between  the  iiiHanitnatorv  prolifenitioiis  aixlthi^ 
adenomata  pmper.     Tiie  latter  may  <x;cur  in  the  form  of  Jiatdc- 
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\'atii>ti>i  haviiij;  :i  iHDrc  or  It-s-*  unevfii  fiurface  an<l  u  tendency  to 
hemorrliBge  ami  iilcenitioii  ;  or  in  tlie  lorm  of  iiapilloiiiiitous 
eievations  of  a  cauliflower  rharacter.  Atloiiomata  arise  Ijy 
hyperplasia  of  the  crypts  of  Liel>erkului  in  the  duiKleniini  or  of 
MulUr's  glands,  and  in  their  stnu-ture  they  jirescnt  typical  gland- 
ular acini,  the  tubules  having  a  basement-membrane  lincl  with 
cylitiflrical  epithelium.  Adenomata  are  mo!?t  frequent  in  the  rec- 
tum, but  may  (x-cur  in  other  parts  of  the  large  mtestine  and  in 
tlie  duodenum. 

Carcinoma  is  the  most  frequent  tumor  of  the  intestines.  It 
occurs  in  the  durxicnum,  e-sjx^-ially  at  the  papilla  of  the  common 
bili'-duct  (Fig.  244)  ;  at  the  ileocecal  valve,  at  the  flexures  of  the 
colon,  and  in  the  upjK'r  nr  lower  part  of  the  rectum.  The  apj>ear- 
ance  is  that  of  a  .s<jft,  irregidar,  i>ften  ulcerated  and  blee<ling  ele- 
vation, projecting  into  the  lumen  of  the  gut  and  causing  considerable 
narrowing,  or  surrounding  the  Uiwel  by  circular  involvement  of  the 
entire  circumference.  The  csircinomata  of  the  bowel  are,  for  the 
meet  part,  cylindrical  cpitheliomata  (Fig.  245)  or  glandular  can- 
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I'M.  245.— Crllndrloal  epithelioma  of  the  iDteatlne  (Peril). 

cere,  onnsisting  of  atypical  acini  and  tubules,  with  irregular  prolif- 
eration and  infiltnition  of  the  neighboring  tissues  with  mas.>jes  of 
epithelial  cells.  C?aws  are  met  with,  esiK-cially  in  the  rectum,  in 
which  there  is  a  clear  tr.insition  of  adenoma  into  carcinoma  (aden<)- 
f:ircinoma),  ami  in  genend  adenomata  of  the  lK)wel  have  a  tendency 
to  j^uch  transformation  (Fig.  246).  At  the  lower  end  of  the  rectum 
Miunmous  epithelioma  may  occur. 

The  results  of  rairt-inoma  of  the  Iwwel  are  the  same  as  those  of 
stenosis  due  to  otiur  causes,  together  with  the  consequences  of  the 
eancemus  cachexia  and  of  metastasis.  Ulceration  of  the  turrwr 
may  Irani  to  perforatitm. 


Vegetable  Parasites. — Various  forms  of  bacteria  are  tiiiiniT 
with  siii'ii  l'nM|iit*ii<'y  in  the  intestinal  contents  that  it  is  difficult  tn 
estimate  their  patholnjric  siirniHeance.  Tiibercle-baeilli,  the  Iku'iJ- 
his  of  glanders  and  of  typlioid  fever,  and  the  Streptothrix  actino- 
rnyces  jjrmluee  the  sj>ecific  lesions  of  these  diseases.  The  Bariliiij 
e<jli  eoTiiiniinis  is  a  constant  itihahitaiit,  bnt  probably  a-ssunies  ptitlio- 
P'nio  projierties  and  leads  to  inHunimutory  lesions  when  the  con- 
ditions (sucli  as  irritation  by  coarse  food,  congestion,  obstruction) 
favor  its  activity  and  mulliplieation.  Under  the  same  circum- 
stances other  micro-organisms  likewise  become  active  in  tlie  prv>- 
duction  of  enteritis. 

Animal  Parasites. — The  animal  jiarositcs  are  discuaseil  in 
detail  elsewhere,  l)iit  may  be  briefly  nientioiied  here  with  refert-DCf 
to  pathoh)f;ic  results  occasioned  by  their  presence,  ^'arious  fiinn? 
of  protozoa  have  been  tbiind,  and  may  occasion  inflammations 
when  in  eonsideniblo  numbers.  Coccidial  psoros|KTniia  occur  in 
the  epithelium  of  tlie  villi  of  the  small  intestine,  and  the  Metras- 
tonia  enterieum  may  be  found  attached  to  the  epithelium.  Tlic 
Amceba  coli  may  lie  free  in  the  contents,  or  may  be  found  in  ilic 
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B,  espt'cially  in  the  vifiiiity  of  iilcerations.  It  inliaiiits  i1r'  larjre 
latino,  and  is  the  jirobable  causf  of  certain  kimls  of  ilysuiitery. 
The  larger  intestinal  parasites  aw,  for  tfie  most  part,  speeics  of 
vt-nnes.  Atnonj;  the  tajM'-wurnii-  Tjenia  s;i<rinata,  Tspiiiu  snlimn, 
aii'l  Hi)thriiiccplialus  latus  arc  the  must  f'n'i|nfiit.  Ol•('a^^illllally 
those  may  lead  to  intestinal  ulistriK'timi  l>y  ('nrniin<;  thick  knots  or 
eitils,  and  sometimes  tiie  head  of  the  worm  may  he  attaehed  in  the 
iiRiutli  of  the  l)ile-<lnct,  eaitsint;  ohstniction  and  jaimdiee,      Intlam- 

•  niatory  ehanj^es  are  rarely  met  with  as  a  result  of  these  wf>rnis. 

I  Among  the  nematodes,  or  rouinl  wtirms,  the  Asejiris  linuhri- 
coides,  or  ordinary  round  w<jrm,  is  tiie  nrost  fre((nent.  It  is  usu- 
ally multijtle,  and  may  oeeasion  ohstniction  of  th<'  intestine  or 
inflammation.  S)metinies  they  [lerioratc  the  intestinal  wall,  lntt 
it  is  imjiroimble  that  tlie  peril ip.ition  is  due  entirely  to  the  action 
of  the  worm.  Previous  intestinal  ulcenttiou  is  the  more  inijiort- 
ant  eoiidition.  Ohstnietion  of  the  hile-diicts  or  of  the  a])|>endix 
may  occasionally  he  due  to  lumhrieoids.  Tiic  Ankylostoma  dii- 
cxienalis  may  cause  pc'teeliial  hemnrrhai;i's  an<l  inflaininatorv  dis- 
turbances in  the  dutnienum  or  ji-jumuii.  The  worms  attach  them- 
selves firmly  to  the  mucous  surtiuv  and  may  be  present  in  large 
numbers.  The  Oxyuris  vermicularis,  or  thread-worm,  occupies 
the  large  bowel,  nndti])lying  in  the  cecum  and  descending  in  the 
mature  state  to  the  rectum  ;  it  may  uceasioiv  considei-ahlc  proctitis. 
In  female  ehihhvn  vaginitis  sniuetiuics  results  from  migration 
of  the  worms.  The  Trichina  spiralis  when  ingested  in  large 
numlters  o<;easions  violent  gastro-enteritis,  and  its  embryos  jkt- 
fonite  the  wall  of  the  intestine  and   migrate  to  the  nuiseles. 

Larva?  of  various  forms  of  flies  occasionally  occupy  the  intes- 
tinal tract,  and  owe  tlieir  presence  to  the  ingestion  of  the  eggs 
with  fiHKJ.  They  may  occasion  enft'ritis,  and  may  be  found  in 
immense  numbers  in  the  bowel  or  the  stool.s. 


INTESTINAL  RUPTURE   AND   FOREIGN   BODIES. 

Rupture  may  be  due  directly  to  traumatism  or  ))cnetniting 
wounds;  but  more  fretpK'ntlv  results  from  iilcenitious  within. 
Dnmlenal  (peptic)  ulcers  not  iufre<|ueutly  pc-rforate,  and  typlioiil 
ulcers  oee^.sionally  cause  ruj)ture.  Tid»ereular,  dysenteric,  and 
other  ulcers  are  les.s  prone  to  jicnetnite  completely.  Tlie  appen- 
dix may  rupture  from  obstruction  at  its  mouth  and  secondary 
catarrhal,  necrotic,  or  gjuigrenous  inflammati<jn  of  its  walls.  Rec- 
tal ulcers  fn'quently  cans<'  painful  diarrhea,  proctitis,  iM-riproetiti.s, 
and  fistula-'. 

Int»'stinal  ru]>ture  usually  leads  to  rapid  peritonitis,  but  occa- 
sionally reetH'ery  ensues.  A  IfX'alized  jK'ritonitis,  by  walling  off 
tlie  infected  area,  may  prevent  general  iid'ection.  The  rupture 
may  take  place  between  contiguous  coils,  causing  spontaneous  in- 
te.<>tinal  anastomosis. 
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Foreign-bodies. — Variuas  btxlics  that  have  been  swnllowei 
may  liwlgf  in  tiu-  intestines.  Oct-asionally  fwal  poncretidns  nr 
cntrro/itliK  art;  fiunid,  ■■siicrially  in  the  appendix.  These  cm- 
«ist  iiJ'a  niR'leiis  oi'  ("jiithelial  e<'i!s,  nincns,  hair,  and  the  liiie,  .sur- 
rimnded  by  inspissatetl  fecal  matter  and  oartliy  salts,  phusphatt.-  i>f 
lime  and  enrbunate  td  ealeiinn.  They  may  cau.se  considenibii- 
irritatiun,  especially  in  tlie  appendix,  and  even  iK-riurutiou. 


THE    LIVER. 

Anatomic  Considerations. — The  liver  is  jKH-uliar  in  hav- 
ing a  diMible  eireiilatiiiii  ;  uiie  system  of  vessels,  the  portal 
vein  and  its  ultimate  siibdivision,  receiving  the  bhwHl  from  the 
(lifrestive  tniet  for  ftMii-tional  purjHises ;  the  other  system,  the 
hepatic  artery  and  its  branches,  siiji]>lyiii^  the  nutritive  blood 
for  the  walls  of  the  blood-vessels  and  for  the  intoHobular  con- 
nective tissues,  as  well  as  to  a  certnin  extent  the  proper  he|)atic 
structure  itself.  The  portal  capillaries  ramify  through  the  acini 
and  cinj)ty  into  small  bnmches  of  the  hepatic  vein  lying  in  the 
center  of  the  acini.  The  t'upillarics  of  the  he(wtic  artery  traverse 
the  interlobidar  tissue  and  ultiniutely  empty  into  the  interlobular 
branches  of  the  hejiiitic  vein.  The  ]>rimary  biliary  cjipillaries  are 
merely  sjiaces  between  the  hepatic  cells,  the  larger  formed  capil- 
laries occupying  the  interlobular  tissues. 


I 


MALFORMATIONS   AND  CHANGES  OF  POSITION. 

Congenital  malformations  are  uueoramon.  There  maybe 
I'ninpfffi-  nhm'im-  of  ihv  organ,  especially  in  certain  monstrasitics ; 
more  fre(piently  nilvnililimiH  hi-jxttif  tiimic  is  iiMind  in  the  siispen- 
siirv  ligameut  or  elsewhere.  Minor  abnormalities  in  the  IoIk-s  or 
Kssiircs  are  more  frc(picnt.  Abxcnce  of  tfir  f/<if/-ljlriihlrr  and  «»«- 
f/niital  slinosix  or  orrfiisioii  oj  (hi'  hepatic  diicfn  are  occasionally  met 
with. 

Congenital  Alterations  of  Position. — The  liver  may 
occufiy  the  left  side  in  tRinsposition  of  the  viscera.  More  rarely 
it  is  displaced  dnwiiwanl,  or  occupies  other  abnormal  positions. 

Acquired  Changes  of  Form. — Tlie  most  important  of 
these  is  contniction  juid  lengthening  of  the  organ  by  lacin;;. 
This  gives  rise  to  compression  along  the  lino  of  the  lower  mar- 
gin of  the  ribs ;  the  right  lobe  of  the  liver  may  thus  be  divided 
into  an  upper  and  a  lower  portion  by  a  deep  fi,«sun>.  The  capsule 
is  f'reipieutly  thickened  and  the  superficial  acini  atn»phic  at  the 
line  of  constriction.  Similar  indentation  by  the  ribs  jxistcrifrly, 
or  by  the  right  cms  of  tii<'  iliaphnigm,  results  from  pulmonary 
affections  and  enlargi'nients  of  the  liver.  t)thcr  change.*  of  form, 
due  to  special  diseases  of  the  liver,  will  be  discusse<l  below. 

Acquired  Changes  of  Position. — Downwanl  disphu-ement 


may  rf!?iilt  from  pk'unil  L'H"iiHifiii  or  uiupliyscuia  ;  or  it  iiuiy  lit'  ilue 

■  tu  relaxation  anil  leiifftlit'iiiiif^  of  tlic  susjionsciry  ligiimcnts.  The 
lattf r  IVirra  is  more  coiiirium  in  wonu-ii  than  in  nu-ii,  and  is  oftfn 
part  of  a  general  entcnijitosis.  Tij^ht  lafing  may  1k>  a  ransf  uf 
im|n>rtance.  Displaccniciit  t(»  tlic  right  or  li-l't,  or  tilting  iipwanl 
ot'the  lower  ftige,  may  occur  in  association  with  various  abdominal 
and  thoracic  atiections. 


I 


CIRCULATORY  DISTURBANCES. 


■ 
■ 


Anemia  of  the  liver  may  Ite  part  of  a  genend  anemia,  or  it 
may  l>e  due  to  prewpiuv  upon  the  orgaTi,  to  various  diseases  of  the 
liver-stihstanee,  r»r  to  eomjiression  of  the  Idood-vessels.  The  sulv 
eitanee  Ijeeomes  pale  and,  if  the  aneiuia  porsist-s,  undergoes  degen- 
eration. 

Active  hyperemia  is  phypinlogic  during  digestion,  and 
occurs  in  a.ssoeiatioii  with  various  inflammatory  alidominat  dis- 
ea.ses.  It  is  rarely  extensive,  and  does  not  lead  to  marked 
pathologie  changes. 

Passive  hyperemia  results  from  ohstruetitni  to  the  circula- 
tion due  to  eanliae  or  pulmonary  diseat^es,  to  pleural  effusion  or 
adhesions,  or  to  throuihosis  or  eoni})ression  of  the  ujiper  part  of 
the  inferior  vena  cava.  It  is  esjieeially  eharaeteristie  ol'  eardiac 
atfeetions,  the  sluggish  venous  eireulation  of  the  liver  accounting 

I  for  the  fatit  that  this  organ  fii-st  evidences  failing  eanliae  power. 
The  liver  increases  in  size,  often  considerably  ;  the  edges  are 
roundetl,  anil  the  color  on  the  surface  is  darker  than  normal.  On 
section  there  may  be  seen  deeply  congested  central  veins  sur- 
rounded by  lighter  areas,  re])resenting  the  substance  of  the  aeini. 
If  the  jvroeess  lias  persisted,  secondary  fatty  ih'generation  of  the 
peripliend  zones  of  the  acini  or  atro])liy  of  these  takes  place,  and 
the  light  color  of  such  jiortiuns,  eoutnisting  stmngly  with  the  dark, 

■  congestctl  centnil  vein,  suggests  the  name  }nif)iitr/-lircr  (Vifr,  247). 
In  some  instances  of  intense  congestion  small  hcniorrhnges  may 
occur,  es|K'cially  in  the  j>ortions  lying  lieneath  tln'  ea]*sule.  In 
the  later  stages  degeuenition  and  reduetioii  of  size  may  take 
place  and  the  orpin  may  become  dark-red  from  de])osit  of  henia- 

■  togenons  pigment.  To  this  form  the  term  rnf-almpfiif  is  sonu;- 
times  given.  In  other  instances  hyjnirjilasia  ol'  the  eoimcetive 
tissues  between  the  lobules  and  acini  occurs,  while  at  the  simc 
time  the  orgsin  is  ilnrkly  pignieiited.  The  term  ci/miotir  hidu- 
rntiwx  may  appropriately  be  given  to  such.  ( 'ases  of  this  sort 
are  in  reality  instances  of  ncnnnliirii  rirrhoitin. 

Passive  congestion  of  the  liver  may  occasion  considenible  dis- 

Iturbance  of  the  hepatic  fLuietion.  The  most  striking  evidence  of 
this  is  jaundice.  This  is  probably  due  to  the  i-imipression  of  the 
smaller  biliary  ducts  and  capillaries,  and  in  ]iart  to  swelling  of 


Bmbolism  and  thrombosis  of  the  jwrtal  vein  may  occur  m 
consiTjitciKH'  of  various  diseases  of  the  (rastro-intt'stinal  tract,  pf- 
ticuhirly  in  cases  of  ulcerative  enteritis.  Embolie  occhisioii  d 
one  of  t)ie  hirjjer  lirnnehes  <.)f  the  |iortal  vein  may  oi'easiim  no 
serious  cireulatory  ilistiirhanees,  on  aeeount  of  the  free  collateral 
cireutatiou  aiitl  from  the  fa<'t  that  the  iiepatic  artery  is  capable  "f 
fiupplying  the  entire'  hepatic  circulation.  Embolic  or  thnnnlwtifl 
orelusion  of  the  branciies  of  the  hepatic  artery  is  similarly  devoid 
of  serious  distiirlmnee  of  the  eirciilation. 

Obstnietioii  of  the  interhibtilar  branches  of  the  portal  vein. 
and  particularly  when  .several  are  coincidently  occluded,  wsS 
occasion  decided  nutritive  disturbances  in  the  hepatic  ocinu 
Small  areas  of  necrosis  having  a  {rrayish  or  yellowish  and  sonio- 
what  fimnular  ap])earaMce,  or  in  other  cases  foci  of  nccrtwis  with 
hemorrhag-ic  intiltnitiou,  are  the  strikinjr  lesions.  Such  condition* 
are  ob.scrved  in  most  instances  of  death  froii 
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in  consequence  of  thrombosis  or  of  embolism  of  decidual  cells 
(Fig.  248),  and  in  conse<juence  of  various  intoxications  or  infec- 
tions having  their  origin  in  the  distribution  of  the  portal  circula- 
tion. The  immediate  cause  of  the  lesions  in  the  latter  conditions 
is  hyaline  thrombosis  of  the  interlobular  portal  vessels. 


■UoD-necrasUi  of  the  hepatic  cells  Id  a  eaie  of  puerperal  ecUmpsU 
(Karg  (nd  Schmorl)- 


I  Thrombosis  of  the  portal  vein  is  most  frequently  the  result  of 
infective  inflanrmation  of  tlie  vein  (pyle])hlebitis),  resulting  from 
ulcerative  enteritis,  ai)}H'ndi<itis,  or  similar  prtx'csws  involving 
the  parts  from  wliieii  ihr  portal  bliXMl  is  ret'cived.  There  may 
r  be  a  gradual  a.scending  iuHammatiun  and  thrombosis  extending 
[from  the  primary  focus  of  disea.se  to  the  jKtrtal  vein  ;  or  the 
latter  may  Iw  involved  in  a  luorr  direct  niminer  by  infectious 
embolism.  The  ])ortai  vein  and  its  braiiriies  in  tlic  liver  become 
more  or  less  obstructed,  and  serious  disease  of  the  liver  may 
occur  (multiple  abscesses).  At  the  same  time  tlic  i»bstnu'tii»n  of 
the  vein  occasions  intense  passive  hyperemia  of  the  [icritoneum, 
and  ascites  restdtjj. 


ATROPHY   AND  DEQENERATIONS. 

»  Atrophy  of  the  liver  occurs  in  cases  of  deatlt  fnnn  senility, 
inanition,  or  from  various  orgtinic  diseases,  (Pressure-atrujihy  bus 
been  referred  to  above.  Acute  Yellow  .-Vtro|)hy  is  dcscriliwl  below.) 
The  gri'ater  part  of  the  liver-structure  may  be  aftected,  or  the 
atroj))iy  may  be  liniite<l  to  the  edges  or  other  limited  p(»rti<jns. 
The  liver  is  niorr  itr  less  uneven,  and  may  at  the  same  time  be 
somewhat  pigmentcfl. 

Mierosropicidly  the  liver-cells  an-  decrctised  in  size,  granular, 
and   darkH-ojitrcd.     At  times   the   acini    may  disap|K'ar   entirely, 
and  reactive  hyjteqilasia  of  the  stroma  and  even  proliferation  of 
biliary  ducts  may  ensue. 
»i 
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Localized  atrophy  occurs  in  the  vicinity  of  tumors,  iu  the  acini 
surroiindi'd  hy  liy|)t*rpl:istic  connective  tissue  in  cirrhosis,  and  in 
partes  of  the  liver  utlicrwise  subjected  to  pressure.  The  livcr-celk 
of  tlie  affected  part  beeotne  distorted  and  decreased  in  size,  and 
are  deeply  pigmented  (see  Fig.  258).  In  the  later  stagies  they 
break  down  completely,  an<l  are  removed.  Red  atrophy  (see 
Congestion  of  the  Liver)  is  a  form  of  pressure-atrophy  with 
pigmentation,  the  compression  of  the  hepatic  cells  being  due  ti> 
overdistcntion  of  the  hepatic  veins  and  capillaries. 

Pigmentation  of  the  liver  is  prone  toiK-cnron  account  of  the 
sluggish  circitlation  through  that  organ,  and  maybe  of  various  kind's: 

1.  Hematogenous  pigmentation  (hemachromatosis)  in  the  portal 
areas.  Particles  of  altered  bloiKl-pigment  are  often  deposited 
in  the  interlobular  tissues,  esjiecially  in  Ku]>fer's  stellate  cells 
or  in  the  jwriphoral  zones  <if  the  acini  in  cases  of  abnormal 
blood-obstruction  in  the  porfcil  circulation.  This  is  particularly 
common  in  i)emicious  anemia.  In  this  disease  the  peripheral 
zones  of  tlie  acini  are  habitually  infiltrate<l  with  pigment-matter, 
which  responds  to  tests  for  iron,  siich  as  with  ammonium  sulphid 
or  ferrocy:inid  of  jxitassiiun  and  hydnH-hlorie  acid.  .Siraewhat 
simitar  pigmentation  of  tlie  liver  may  (H-cur  in  cases  of  absorp- 
tion of  hemorrhagic  ett'usions  in  the  [writoneum,  or  in  consequence 
of  other  forms  of  blood-flestructiou.  .A.n:dogoas  pigmentation  is 
often  met  with  in  the  livers  and  other  abdominal  orgnns  of 
drunkards. 

2.  Hematogenous  pigmentation  of  the  central  portions  of  the 
acini  has  been  noted  in  connection  with  a  red  atrophy  of  the  liver 
consequent  upm  congestion. 

3.  Biliary  pigmentJitiou  results  from  obstruction  of  the  biliary 
ducts,  and  is  constantly  met  with  in  certain  forms  of  cirrhosis  and 
in  the  vicinity  of  new  growths  which  crimpress  the  biliary  jtassages. 

4.  Very  rarely  anthracotic  pigmentation  has  been  ob.served. 
In  one  case,  at  least,  there  was  ass<x!iated  cirrhosis. 

Fatty  infiltration  is  more  or  less  physiologic,  especially  in 
children  and  in  overfed  imiividuals.  Pathologically  there  maybe 
diffuse  infiltration  ()r  <le]iosit  in  the  liver-cells  of  all  parts  of  the 
orgsin.  Such  [Hithologic  liitty-Iiver  may  rcsidt  from  overeating 
and  general  obesity,  or  may  be  due  to  juilmonary  disease  or  anemic 
and  cachectic  conditions.  It  has  griifrally  been  hehl  that  the  im- 
mediate cause  is  rctanled  oxidation,  in  consequence  of  which  fat 
accumulates.  It  is  probable,  however,  that  there  is  some  disease 
of  the  hepatic  cells,  rendering  them  more  active  iu  the  storing  \m, 
or  less  active  in  disposing  of  fats.  This  seems  especially  true  in 
certain  cases  due  to  poisons  which  cause  a  deposit  of  fat  in  the 
liver,  as  in  geese  pampered  by  antimonial  pctisoning. 

The  liver  increases  in  size,  often  considerably  ;  its  edges  are 
rounded,  its  consistency  is  doughy,  and  the  color  is  rather  yellow- 
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ish  ami  glist<>ning.     On  section  there  may  l>e  visible  exudation  of 
oil-<lrops  aud  tht'  knife  may  l)e  eoviTed  with  droi>k'ts. 

Microscopic-ally  the  process  is  foiinti  to  bcpiii  in  the  peripheral 
portions  of  the  acini  in  the  form  of  ili-ophts  within  the  hepatic 
cells.  Soon  these  increase  in  size  l>y  ctiiitliieiice,  juljacfnt  cells  are 
involved,  ami  the  entire  acinus  eventually  Itecmnes  att'ected  (Fig. 
:i49).     In  extreme  cases  the  hepatic  cell  is  tilled  with  a  aingle 
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Fio.  JIO.— Fatty  luflltration  of  the  Uvur. 


large  oil-drop,  which  compresses  the  protoplasm  and  nucleus. 
The  blooti -vessel 8  and  other  structures  may  be  completely  hidden 
from  view  ;  and  the  pn'ssiu'c  of  tlie  fatty  dejiiisit  may  he  sufficient 
to  produce  a  certain  degree  of  anemia,  though  not  enough  to  occa- 
sion serious  circulatory  disturbances.  The  ftmctional  activity  of 
the  liver  is  diminisiied. 

Parenchymatous  degeneration,  or  cloudy  swilling,  occurs 
in  various  infectious  fevers  and  in  conse<|Uence  of  intoxications, 
notably  by  phosphorus,  arsenic,  and  antimiiny.  The  liver  is  some- 
what enlarged,  and  of  an  upaque,  grayish-yellow  appearance,  the 
outlines  of  the  lobules  being  extinguished.  Microscopically,  the 
liver-cells  are  found  tilled  with  tine  albuuiiuous  granules  more  or 
less  obscuring  the  nucleus.  In  most  in.stanccs  cloudy  swelling 
terminates  by  retiu-n  to  the  normal  state ;  luit  if  the  intoxication 

'  or  infr-ction  is  continued,  fatty  degeneration  ntay  i*esidt. 

Fatty  degeneration  may  occur  as  the  result  of  severe 
anemia,  j>articularly  pernicious  anemia,  or,  following  cloudy 
swelling,  as  the  rcsiih  of  infectious  diseases  or  of  intoxications. 
Among  the  infections,  pyemia,  yellow  fever,  relapsing  fever, 
and  erysipelas  are  notalile  examples.  The  liver  may  be  greatly 
decreased  in  .size  and  softer  than  normal  ;  the  substance  not  rarely 

,  is  friable.     The  color  is  yellowish,  and  oil-ilrops  may  exude  from 
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the  surface.  Mifrosoopioally  the  hepatic  cells  are  fille<l  with  sn 
gramihir  parti<^lcs  ur  droplets  of  fat,  and  in  tlio  advancttl  stages 
tlu'V  lireak  tlowii  completely  into  granular  tlotritns.  The  liver 
cells  may  coutaiii  single  large  drops  of  fat  praetieally  indistingitifb- 
able  from  tiiose  seen  in  fatty  infiltration.  The  distinction  of  the 
two  con<litions  may  be  exceedingly  difticidt.  Fatty  degeneration 
of  localized  areas  of  the  liver  or  of  individual  acini  or  cells  occurs 
in  association  witli  chronic  hepatitis  or  other  diseases  causing  pres- 
sure upon  the  aeini. 

Acute  Yellow  Atrophy. — The  most  advance<i  fatty  de- 
generation of  the  liver  occurs  in  the  affection  of  the  organ 
termed  actUe  yellow  atrophy.  This  condition  is  most  frequent 
in  young  women,  and  esix-cially  in  those  addicte<l  to  the  ex- 
cessive use  of  aleiiiiipl.  Oeeasionally  syphilis  seems  the  etioiogic 
factor,  and  in  acute  phospliorus-jMjisoning  the  ap|K-arance  of  tlif 
liver  is  the  siitiie  us  that  which  is  recognized  as  acut<'  yellow 
atrophy.  Finally,  some  cases  are  idiojKithic,  arising  without 
recognizable  cause.  Parturition  seems  a  determining  cause  in 
some  cases.  Micn>-organism8  of  various  kinds  have  In'en  found, 
and  it  is  likely  that  all  cases  are  toxic  or  infectious. 

Patholot^c  Anatomy. — The  liver  is  tlecrt^aseil  in  si«e  and  lie- 
comes  remarkably  soft  anil  friable.     On  section  there  is  found  a 


Fig.  250. — Acute  yellow  (tir"j>ny  r»i  tno  livor.  ^^howink'  t.-xtenMive  fHtty  <)ef^iii.rallt>ti  Mni  m 
plac'i't-  roinpk'li-  iJestrTiption  nf  the  liver-cells  (Kiwt  tiiirl  Uuiupvh. 

variegiited  appearance,  the  jirevailing  color  being  a  brownish  or 
grayish-yellow,  in  whicli  are  scattered  bright  or  <lark-rwi  nreai>. 
The  yellowish  areas  represent  the  degenenitcd  and  piginent«l 
hepatic  cells;  the  nchlish  areas  foci  of  hemorrhagic  infiltration  or 
pigmentation.  Tlie  pnwess  usually  begins  in  the  left  IoIk-,  but 
rapidly  involves  the  entire  ()rg;iu.  Sometimes  the  liver  is  in- 
creased in  size  tbiring  the  initial  stages,  and  ocea.sionally  a  liver 
euhirgetl  by  previous  disease  suffers  terminal  acute  atrophy. 

Microsco])icaIly  the  hejwtic  cells  are  found  to  have  undergone 
rapid  fatty  degeneration  or  necrosis,  and  are  filled  with  or  replaef<l 
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by  yellowish  pignieiit-|)!irtioles.  As  tlie  process  advances,  the  cells 
are  completely  destroyed  (Fig.  250).  In  the  red  areas  referred  to, 
infiltration  with  hkMHi-cells  and  hemiitogenoiis  pigmentation  are 
ohservcil. 

Associated  Conditions. — Acute  yelhiw  atrophy  leads  to  intense 
eholcmia,  in  conseijnence  of  wliicli  Lilian'  jiignientation  of  the 
various  structures  of  the  IhmIv  may  dcvfjop.  Petechial  hemor- 
rhages may  o<Tur  in  the  mneoiis  or  serous  membranes,  or  in  the 
skin.  The  urine  contains  leucin  and  tyrosin.  More  or  less  pro- 
found acid  intoxicatiiin  nuiy  occur  (see  Acid  Intoxication,  Part  I.). 

Amyloid  degeneration  occurs  in  conseijuence  of  sy|)liilis, 
tuherculosis,  and  suppunitive  diseases  of  the  bones,  or  as  a  re- 
sult iif  long-stiuiding  cjiclicxia.  It  is  habitually  associated  with 
amyloid  disease  of  the  spleen,  anil  often  of  the  kidneys  and  other 
structures. 

Amyloid  degeneration  begins  in  the  smallest  Idood-vessels 
between  and  within  the  acini,  cau>ing  a  more  <(r  less  pronounced 
lickening  of  their  walls.     The  liver-cells  themselves  may   be 


yjo.  251.— Amyli'ld  llvi.r  (from  ■  pbotograpli  tiy  Dr.  Wm.  M.  Gray). 

secondarily  involved,  but  more  frccpiently  undergo  atrc>]iliy  and 
fatt^-  degeneration  in  eonscqncnce  of  the  pressure  and  uf'  dimin- 
ished nutrition  due  to  compression  <if  the  blood-vessels  (Fig.  251). 
The  liver  is  enlarged  and  denser  than  normal.  Not  rarely  it 
presents  a  striking  translucency,  and  on  section  the  color  is  gray- 
ish-white or  yellow.  The  peripheral  and  centnil  Kones  of  the 
acini  are  s<^imetimes  readilv  distingnishcd  by  their  light  color  from 

Lthc  innermost  piirtimis,  which  are  lea.><t  atlcctcd. 

r  Dropsical  infiltration  of  t!ie  liver-eclls  occurs  in  eases  of 
intense  infection  and  intiixication,  especially  such  as  originate  in 
some  part  of  the  portal  circulation.  It  is  found  particularly  in 
the  vicinity  of  necrotic  areas  due  to  embolic  occlusion  of  the  inter- 
lobular portal  veins.  The  liver-stibstance  is  swollen,  and  nn'cro- 
scopically  the  cells  are  cloudy  and  ofttimes  vacuolated. 
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INFLAMMATIONS. 

Hepatitis,  nr  inflammation  of  the  liver,  may  be  of  several 
forms; :  a  parenchymatous,  an  acute  iuteristitial,  or  a  chronic  inter- 
stitial. 

Parenchymatous  Hepatitis. — In  the  course  of  varions 
infections  and  intoxications  a  certain  amiMint  of  parenchymatous 
degeneration  of  the  liver-cells  may  take  place.  Tills  was  for- 
merly described  iiitdcr  the  name  parenchymatoiw  hepatitis.  The 
term  is  gener.illy  in:ippropriute,  though  in  some  instances  there  ii 
associated  with  the  degeneration  of  the  hejwtic  cells  a  certain 
amount  of  cellular  intiltratiiin  and  reactive  inflammation.  To 
such  eases  the  tertii  pareiuhyinatons  inflammation  might  be  ap- 
plied, thotigii  in  reality  even  these  are  more  degenerative  than 
inflammatory   in   iiatiiri'. 

Acute  Interstitial  Hepatitis,  or  Abscess  of  the  Liver. 
— In  praotieally  all,  if  not  all,  eases  ahscess  of  the  liver  is  due  to 
the  action  of  micro-organisms.  The  bacteria  may  gain  access  in 
several  ways.  In  some  cases  penetrating  wounds,  or  perliiration 
of  gastric  or  duiMlcual  ulcers  or  of  other  pathologic  lesions  into 
the  liver,  occasir>u  direct  infection.  In  other  ca.ses  the  mien>- 
organisms  are  earrietl  in  the  circidation  and  enter  the  liver  with 
the  portal  or  hi'jmtic  blinxl,  or  by  retrognnle  emlx>li.sm  through 
the  hepatic  veins  from  the  vena  cava.  Finally,  infectioa  may 
occur  In-  invasion  of  the  bacteria  along  the  bile-<luct». 

Most  frequently  hepatic  abscess  is  secondary  to  ulcerative  dis- 
ea.se  of  the  intestines,  uot.-ibly  dysentery'.  In  this  disease  the 
specific  amebfe  are  carried  to  the  liver  in  the  portal  circulation, 
and  occasion  necrotic  foci  in  \vlii<'h  the  ba<^teria  earrietl  within  the 
amebiE  multiply  and  give  rise  to  the  further  changes  constituting 
an  abscess.  Similar  embolic  abscesses  occasionally  follow  appen- 
dicitis and  perityphlitis,  or  various  forms  of  intestinal  ulceration. 
Thrombophicititis  of  the  portal  vein  not  rarely  extends  to  the 
smaller  branches  witliin  the  liver,  and  occasions  multiple  suppu- 
rative foci. 

In  cases  of  general  pyemia  multiple  abscesses  of  the  liver  may 
occur,  especially  when  the  primary  infection  o<;eurs  within  the 
abdomen.  Infection  by  invasion  along  tlic  biliary  tract  is  espe- 
cially prone  to  occur  when  there  is  olistruction  of  the  bile-tlucts 
by  calculi  or  otherwise.  In  tropical  countries  traumatism  without 
visible  contusion  may  lead  to  abscesses,  and  it  \s  not  unlikely  that 
micro-organisms  from  the  biliary  passages  penetrate  the  hepatic 
structure  in  the  injiinHl  jMirtions. 

Among  the  micro-organisms  that  have  been  discovered  arc 
the  streptococci  and  staphylococci,  the  Bacillus  coli  communis, 
and  others  less  fn-qweutly. 

Pathologic  Anatomy. — Dysenteric  and  traumatic  abscesses  an- 
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asually  solitary,  and  generally  occupy  the  right  lobe.  In  the 
early  stages  they  appear  as  sjjots  of  gniyish  or  yellowish  eolor,  in 
which  the  division  of  the  lobules  is  lost  and  whidi  a.«sinne  a  more 
and  more  granular  apjiearance.  Subsequently  softening  takes 
place,  and  a  cavity  is  lornied.  This  increases  in  size  until  in  ad- 
vanced cases  it  may  reach  enormous  prop<irtions.  The  contents 
consist  of  cunly  or  creamy  pus  having  a  yellowish,  brownish,  or 
often  quite  reddish  appearance,  atnl  the  wall  is  eomj»)sed  of  an  ill- 
formeu  pyogenic  membnine.  The  abscess  may  consist  of  a  single 
cavity,  or  may  bo  partially  lobulatetl.  kSometinies  there  are  mul- 
tiple abscesses.  If  the  cavity  is  small,  resorption  of  the  pus  may 
take  place  and  a  cicatrix  may  result.  In  other  cases  iuspissation 
and  encapsulation  ensue.  Large  abscesses  may  rupture  into  the 
pleura,  into  the  stomach  or  intestinr-s,  into  the  pcritducal  cavity, 
or  externally.  Not  rarely  the  dia|>hragni  and  lungs  are  penetrated, 
and  the  pus  is  evacuated  through  the  bronchi. 

Metastatic  abscesses,  and  tliose  due  to  infection  from  the  biliarj' 
ducts  or  to  suppurative  pylephlebiti.s,  are  multiple  and  usually  of 
small  size. 

Chronic  interstitial  hepatitis,  or  cirrhosis  of  tlu'  liver, 
is  a  form  of  dit5'u.--e  hypeqtlusia  of  the  connective  tissue,  beginning 
in  the  interlobular  tissues  and  sometimes  extending  into  the  acini, 
or  causing  secondary  changes  in  the  liver-<'ells.  IIy])cr[)lasia  of 
the  interlobular  liile-ducts,  ami  less  frequently  of  the  lupatic  cells, 
may  be  observed. 

Etiology. — (.'irrhosis  of  the  liver  is  essentially  the  result  of 
hematogenous  irritatifui.  The  most  frequent  cause  is  alcohol, 
and  it  is  particularly  frequent  in  persons  who  consume  raw  spirits. 
Overeating,  Mitli  a  si'dentary  life  and  a  gouty  diathesis,  may  also 
contribute.  Other  cases  arc  secondaiy  to  infectious  diseases, 
notably  to  syphilis,  malaria,  or  tuberculosis. 

Occasionally  cirrhosis  is  due  to  the  absorption  of  irritants 
by  the  portal  radicles  and  their  transference  to  the  liver  in  cases 
of  chronic  peritonitis.  Certain  eases  are  due  to  chronic  con- 
gestion of  the  hepatic  circulation  inconsequence  of  cardiac  or  pul- 
monary disease;  and,  finally,  obstruction  of  the  bile-ducts  may 
lead  to  another  group  of  cases.  Recently,  certain  observers  have 
ascribed  cirrhosis  to  the  action  of  bacteria  entering  the  jmrtal 
circulation  from  the  iutcstines.  Organisms  resembling  the  bacil- 
lus coli  and  its  degeneratiou-forms  have  been  discovered  in  the 
hepatic  cells. 

Morbid  Anatomy. — Several  varieties  having  rjither  marked  dif- 
ferences in  their  macroscopic  and  even  microsco])ic  jqipearances 
may  be  distinguished.  Tltc  jirocess  is  essentially  the  .same  in 
the  ditferent  forms  and  the  causes  are  similar.  The  most  promi- 
nent varieties  are  atrophic  cirrhosis,  hyperirophic  cirrhosis,  and 
bUiary  cirrhosis. 
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Atrophic  cirrhosis  (Tjarnnec's  cirrhosis)  is  the  ordinary  form, 
wliicli  is  also  known  hy  the  luinio  "  Gin-<lrinker's  liver."  In  tJie 
earliest  stjifjcs  tho  liver  is  often  enliirpwl,  hut  in  tiie  typioal  ad- 
vanced form  it  is  contnieted,  extremely  hard,  gnmular,  or  irregu- 
larly uneven  nn  the  surface,  and  on  .swtion  resistant  to  the  knife 
(FifT.  252).  The  .size  of  the  liver,  even  in  advanced  sUiges,  is  by 
no  means  always  small.  A  study  of  statistics  obtaine<l  at  the  post- 
mortem tahle  show.s  tliat  the  liver  in  perhaps  a  majority  of  the 
cases  of  otherwise  typical  Laeunec's  cirrhosis  is  larger  tlian  tlte 


Flo.  2S2.— Atrophic  clrrhniiUi  of  the  llviT  of  a  lx>y  ageil  nlxtcen  yeare,  showing  •!»•)  Ihld 
cniii^  of  the  cn^isule  Bnil  ll|nimcnt<  rprrihcpatilisl. 

normal  organ.  The  surface  of  section  presents  bands  of  connec- 
tive ti.ssue  surrounding  groups  of  acini,  and  coraprcs.«.ing  them  so 
that  they  rise  above  the  surface.  I'he  connective-tissue  bands  are 
dull  gniy  or  white  in  ap|)earance,  the  enclosed  acini  yellowish  nr 
brownish. 

Microscopically  the  process  is  found  to  begin  as  a  proliferation 
of  the  coimective  ti.s.sucs  around  the  interlobidar  branches  of  the 
portal  vein.  In  tlic  earlitrr  stage  their  are  found  round-cell  infil- 
tration ;n>d  ]>rnlifer;ition  of  fibroblastic  cells,  csuising  moderate 
obstruction  (o  the  [»ortal  ciix'uhition.  Later  the  connective  tissue 
beciimcs  .sclerotic,  greater  compression  of  the  |)ortal  veins  en- 
sues, and  considerable  obstruction  of  the  circidation  results.  At 
the  same  time  the  acini  arc  conjpressed  anil  may  suffer  depenera- 
tion.  This,  however,  is  rarely  prononnce<J.  Therv  is  little  ten- 
dency to  extensive  invasion  of  )lie  m-ini  themselves  by  the  inflam- 
matory ]>rocess.  New-formed  bilinry  diicts  may  i>e  present  in 
considerable  numbers  in  the  liyjMrplastic  interlobidar  tis.sue. 

Aaaoeiated  Chatiffcu. — The  marked  result  of  atrophic  cirrhoflis 
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is  obstruction  to  the  portal  circultitiim.  This  iM'casions  congestion 
of  the  splt'Pii  ami  gtistro-iHtt'stinal  iimcosa.  ami  fvontuully  asicites. 
When  the  obstruction  liecoinfs  extreme  eollateral  circulation  may 
relieve  the  congestion  of  the  portal  ijystetn.  The  m<i.st  prominent 
anastomoses  are  those  between  the  gastric  and  csopiiageal  veins, 
and  between  the  hemorrlioitlal  veins  anti  the  veins  of  Rctzius  with 
tlie  retrojK-ritoneal  veins.  Tiie  veins  of  the  round  ligament 
increase  in  size  and  communicate  with  the  superficial  veins  at  the 
umbilicus. 
I  (}a.stn>-intestinal  catarrh  and  enlargement  of  the  fi|)leen  are 
nsnally  prominent  in  cirrhosis.  Jaitnilice  is  rare,  lii-causit!  the  bile- 
ducts  are  rarely  compressed. 

In  some  instances  the  liver  is  targe  and  smoother,  softer  and 
lighter  in  color,  from  the  fact  tliat  considi'rai)li-  liitty  intiltnition 
of  the  acini  is  a.ssociated  with  the  cirrlmsis  (Fatty  Cirrhosis,  Fig. 
253).  In  tiie  later  stages  such  cases  may  become  couveited  into 
the  typical  form  by  absorption  of  the  fat. 


Fig.  ivJ.— c'irrhuai*  yf  the  liver,  ahowmg  h  lobulv  in  the  cvntcr  surrounded  by  dense 
connective  llrauc.     The  he|>atlc  celln  within   the  lolmle  are  extensively  degenerated 
.  (btty),  and  Uiose  at  Uie  periphery  deeply  pigmented. 

Pnthoiof/lc  Phi/mjlof/p. — Cirrhosis  of  the  liver  occasions  gastro- 
intestinal symptoms  by  obstructing  the  portal  circidation,  and 
[)rnbal>!y  also  liy  altering  the  fiinetintial  action  of  the  liver.  Meta- 
Hilic  disorders  oi'  some  sort  alsfi  result  from  the  hepatic  disease, 
Vjut  the  nature  of  these  is  as  yet  uukunwii.  The  fatal  termination 
often  comes  in  the  form  of  sudden  or  gnidual  coma,  which  is 
probalily  toxemic. 

Hypertrophic  cirrhosis  is  perhajis  more  fre(|uent  in  warm 
climates  than  elsewhere.  The  liver  is  uniformly  enlarged,  smooth, 
or  mo<lerately  gi-amilar  on  the  surface,  ;ind  imiunitwl.  On  section 
the  color  is  seen  to  Iw  more  or  less  yellowish  or  greenish,  and  eithesr 
siform  or  mottled. 
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Microscopicailv  proliferation  in  the  interlobular  connective 
tissues  is  found,  as  in  the  iitropjiic  form,  but  it  d<H's  not  bear  the 
saruc  roliititiii  to  the  portal  veins  and  is  less  prone  to  cicatricial 
contnictioii.  ITnlike  the  atrophic  form,  there  is  decidetl  extension 
into  tlic  [icriplieral  zones  of  the  acini,  and  everywhere  Ix'tween  the 
columns  of  hepatic  cells  there  may  l>e  s<'en  pn>lifcrattKl  iibroblaetie 
cells.  Within  the  ncw-lormefl  connective  tissue  may  \v.  s«ii 
columns  of  low  cvliiidrical  cells  surroundinjr  a  narrow  canal. 
These  are  prnlifcratcil  l)ile-iiurts.  Prolifep.itioii  of  the  livor-oella 
themselves  is  also  frequent,  and  throughout  tin?  organ  tlie  cell*  on- 
found  more  or  less  deeply  stained  with  biliary  pigment. 

Ansociated  Changes. — The  most  prominent  is  jauntUee.  Ob- 
struction of  the  portal  circulation  rarely  becomes  niarke<l. 

Biliary  cirrhosis  is  a  fc»nn  of  chronic  hepatiti.s  constHjuent 
upon  nbstrui'tion  of  the  biliiiry  ducts.  The  first  effect  of  such 
obstruction  is  a  swelling  of  the  liver,  due  to  the  retention  of  bile, 
and  perlKi])s  also  to  congestion,  Eventually  the  citagnation  of  the 
bile,  with  production  of  irritant  substances,  leads  to  reactive  in- 
ttammatinn. 


Fio.  2*4.— Perihcpami'  u.'«ii<iiii>'ii  wiiii  cirrlimUnf  the  llTcr. 

The  appearance  of  the  liver  is  much  the  wime  as  that  seen  in 
hvfKTtropliic  cirrhosis  of  the  onlinarv  type.  The  orgjin  is  uni- 
formly enlarged,  and  may  be  somewhat  granular  u|)on  the  surfaw 
or  entirely  smooth.  On  section  the  substance  is  found  to  be 
deeply  bile-stiiined,  and  has  a  yellowish  or  greenish  color.  The 
substance  is  firm,  ami  the  overgrowth  of  connective  tissue  may  be 
vi.sible  on  the  surface. 

Microscopically  the  first  di.sci>vcrable  changes  are  areas  of  in- 
sular necrosis  in  the  peripheral  zones  of  the  aciui.  Sub8e<|uently 
proliferation  of  connective  tissue  replaces  these  and  spreads  to  the 
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interlobular  tissues.  Prolifcnition  around  tlio  interlobular  biliary 
capillaries  ( pirianyiocholilin)  may  bi'  a  striking  fliiiraetcristie  from 
the  first,  and  multiplication  of  new  bilc-<tucts  and  of  hqiatie  oolla 
is  observeii.  In  cases  of  absolute  obstrnetioii  of  the  gall-tlncts, 
and  in  cases  in  which  active  fermentative  chanires  in  the  l>ile  have 
occurred,  rapid  fatty  degeneration  and  acute  atrophy  of  the  liver 
may  be  the  terminal  change. 

Perihepatitis. — InHammation  of  the  capsule  of  the  liver  and 
of  the  superficial  jHirtions  of  the  hepatic  structure  may  be  a.S80- 
ciated  with  eirrlmsis  (Fig.  254),  and  not  rarely  occurs  in  conse- 
quence of  ciinmic  peritonitis.  It  may  lead  t<i  (■onsi<U'niblc  thick- 
ening of  the  cajfsule.  The  pressure  of  the  contracting  fibrous 
tissue  may  oc<'asion  atrophy  of  tiie  underlying  hejiatie  substance, 
and  a  more  or  less  uneven  and  atrophic  organ  re^ults.  Primary 
inflammation  of  the  capsule  may  be  an  expression  of  syphilitic 
infection,  and  may  occur  alone  or  in  assm'iation  with  thickening 
of  the  peritoneum.  Reference  will  be  made,  in  the  discussion  of 
diseases  of  the  peritoneum,  ti>  a  special  form  of  hypeqilastic  peri- 
hepatitis— that  known  as  the  Znrkrn/HMiilclHT  of  Curschmann. 


HYPERTROPHY. 
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The  regeneration  after  injuries  of  the  liver  shows  tiie  power  of 
the  liver-cells  to  undergo  active  multiplication.  Not  rarely  active 
hvperplasia  of  liver-cells  throughout  the  entire  organ  may  (K;cur 
in  association  with  other  diseases,  notably  hyjM'rtrophie  cirrhosis. 
A  simjde  hyp-rtrophy  of  the  liver  also  occurs  in  certain  well- 
dcveioiK'd,  rol)iist  individuals.  Enlargements  of  the  liver  for- 
merly regarded  as  hypertrophies  are,  for  the  most  part,  due  to 
pathologic  conditions. 

RUPTURE  OF  THE   LIVER. 

Rnptnre  may  oi-eur  from  direct  tniumatie  injur)',  and  is  par- 
ticularly common  in  the  new-born  when  ibrcible  delivery  has  been 
necpssarv-.  In  the  latter  eases  snuitl  injuries  with  secondary  hem- 
orrhagic infiltration  are  observed  near  the  surface  of  the  organ. 
Portions  of  liver-cells  may  be  loosened  and  may  be  carried  as 
emboli  to  the  lungs.  The  injury  is  repaired  by  active  hyperplasia 
of  the  liver-cells  and  of  the  biliary  capillaries,  and  in  this  manner 
the  affected  part  niay  be  restored  without  the  tievelopment  of  scar- 
tissue.  I..arg<;  injuries,  however,  occasion  the  formation  of  cica- 
tricial tissue. 

INFECTIOUS  DISEASES. 

Ttlberculosis  may  o<'cur  in  the  form  of  minute,  translucent, 
miliary  tubercles,  which  miiy  be  starcely  visible  to  the  naked  eye 
(Fig.  2')o).  or  in  the  form  of  larger  foci.  Tuberculosis  of  the  liver 
is  always  a  secondary  disease.     The  tubercles  arise  in  the  inter- 
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lo!>u1nr  tissue-  or  from  tlic  acini  tliemselvos.  The  laiv*T  raH><Mi- 
tulKTcics  an-  Rirc  ;  they  luay  be  artsociate<l  with  diffuse  citTlioti< 
eontniction  «)f  the  organ.  Miliary  tubereulosiis  of  tlie  capsule  ol' 
the  liver  not  rarely  ocoirs  in  tubereulous  |)eritonitis. 


Fio.  2.'i6.— HUUry  luberdca  Id  the  liver. 


Syphilis  is  met  witli  in  the  form  of  ilitfuse  infiltration  and 
cirrhosis,  t»r  in  tlie  form  of  gunmiata.  Either  of  the.se  varieties 
mav  be  found  as  a  result  of  aequired  or  of  heretlitarv  syphilis. 


Fig.  .^~x>. — >>  iilitULK-  cirrbirais  *>f  Itit*  liver:  lobulaied  liwi  ikiut  itii<i  cvumpr: 

In  the  diffuse  form  the  liver  presents  much  the  same  appear 
ances  as  in  atrophic  cirrhosis,  but  the  connective-ti.ssue  bancf 
are  much  inon-  pronounced  and  the  liver  is  prone  to  be  irregu- 
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larly  contracted  and  lohiilatod  (Fig.  2o6),  Gmnmnta  may  utTiir 
in  any  part  of  the  urir.iii,  ami  may  Iw  single  or  niiiltipi)',  pre- 
senting themselves  a."  rounded,  yolluwisli,  or  gniyi.-li  masses, 
ofttimes  showing  central  neerosis  and  siirnmnded  by  connective- 
tissue  hyperplasia  (Fig.  105).  Complete  eieatrization  may  lead  to 
decided  .scar-<'oruiation.  In  addition  to  these  Curms,  congenital 
••vphilis  mav  niiinit'est  itself  in  the  fnrm  of  a  nnifurni,  ditltise  eoii- 
nt-etive-tissue  liyp<'rplasia  and  nunid-ccH  iutiltniiinii.  'IMh-  liver- 
cells  are  pushed  apart  and  aiv  ill-develnjM'd  or  atrophic  (Fig.  257). 


fafe- 
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.  .:>.iiltsl  xyplilIU  nf  OiF  liver. 


leprosy  occa.«iionally  affecta  the  liver,  caiLsing  the  formation 
of  niHlular  masses. 

TUMORS. 

Fibrotnata,  lipomata,  and  myomata  are  occasionally 
observfij  a-  nodular  masses,  but  have  little  stgnilicance. 

Angioma  is  a  more  imjiortant  form.  This  tumor  occurs  upon 
the  surl'ace  of  the  organ,  and  is  usually  of  small  size,  rarely 
exceeding  that  of  a  walnut.  It  is  more  commonly  I'ound  in 
persons  who  have  died  at  advancefl  years  tlian  in  young  persons. 
Angioniata  appear  as  dark-red  or  lihiish,  slightly  elevated  areas, 
either  sharply  outlined  and  eneapsulatetl,  or  merging  gradnalty 
into  the  surrounding  tissue.  Microscopically  they  are  found  to  lie 
cavernous  angioniata,  and  floubtless  owe  their  origin  to  dilatation 
of  the  capillaries,  with  coincident  atrophy  of  the  liver-cells. 

Sarcoma  of  the  liver  may  occasionally  be  i>rimnry,  but  is  ex- 
ceedingly rare.  Secondary  sarcoma,  on  the  other  hand,  is  wry 
common,  especially  the  melanotic  form  following  primary  sarcoma 
of  the  eye. 

I,yinphadenomata  an>  frequent  in  the  liver  in  the  course  of 
the  genenilization  of  leukemic  lyniphailenonia  ;  but  it  has  not  as  yet 
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hern  fully  (Ictt'miinMl  to  what  oxtent  the^e  arc  to  Ite  t•<nl^ll^  n-d 
as  true  tumors,  and  to  what  <'xt<iit  as  nure  infiltrations  of  lnik'- 
cvtes  c<>ns<*)jucnt  iip«iii  the  cunrnions  li-iiki>fvto>>is  of  thi*  di^-n*. 
Similar  lynqihoiuatDU;;  nixliili-s,  thontrh  nuich  less  markiti  ami 
numerous,  otTur  in  typiutid  fever  and  other  infections  di^icascs. 

Adenoma  nf  the  liver  is  met  with  in  several  forms.  There 
may  l>e  citlicr  mxlular  nias.sK's,  more  or  less  enca|>iiulate<l  aud  of 
gniyi.sh-white  or  pinkish  enlur,  or  a  form  of  ditt'use  intiltmtiun  of 
the  iiver-suhstanee  by  eneapsnlated  nodules  of  similar  ehararter. 
Considerable  cirrhosis  of  the  liver  may  be  assiK'iate«l  with  the 
latter  cases,  and  they  cannot  be  clearly  distinguished  from  cir- 
rhotic csmeer  (see  lielow). 


»n 


Fio.  2S8.— Cirrhotic  citncer  of  the  Uv«r  (Hmiut  bikI  cllburt). 

Carcinotna  <jf  the  liver  is  rather  r.ire  as  a  primary  tumor,  bul 
like  adenoiua,  may  be  iiodiilur  or  ditfuse.  The  nixhilitr  nr  nuitattt 
cduci'f  appears  as  a  siiif^le  mass  of  varying  size,  ofitimes  sur 
roiitnled  by  local  itietastatic^  ikmIiiIcs.  On  section  the  color 
gr.iyisli  or  pinkish,  and  there  may  be  central  necrosis  and  sofici 
mg.  Diffiiitc  hfpnftv  rnwrr  4K-curH  as  a  widcspreail  and  mori'  i 
less  uniformly  distributed  infiltrating  growtii.  Not  nindy  in  sue! 
ciwes  ilierc  is  a.ssociatcd  cirrhosis,  and  the  macroscopic  nppeamnc 
of  the  liver  may  be  strikingly  like  that  of  an  onlinarv  cirrho<u 
though  the  liver  is  sometiuics  nnich  cidargcfl  (Fig.  258).  Th 
terms  rirrfinUr  rmtirr  !U>d  iintrrr  villi  cirrliiDtix  liave  been  appliiX 
to  this  (ijrm.     Finally,  the  ditt'use  form  may  surround  au<l  spriiij 


Sivtioii  tliniui;))  II  liirm"  tiixiulo  of  sart'"mn  "f  t1i<>  livi-r,  showint;  the  pnicti- 
I'lilly   normal   livt-r-'ubslunci'  above,  mid    tliu   snrcoiiiii   with   criitral   M'ftfiiiiig 
elow. 
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hirii  the  |K'ri|M(r<!il  stnu'tun's,  and  may  nunily  in  tin'  fijrm  iit"  :in 
int</rl<il)iilar  iiifiltnition. 
I  Formation    and    Structure    of   Adenomata    and   Carcinomata. — 

L  Ali<-i'us('(>|»ic:illv  tliiTi'  is  III)  >li;ir|)  divi'Iiiiu-linr  iM-twcrn  tlK-se 
^Krr)\vtlis.  Till'  adi'iKiiiiata  |iri-s('iit  tnhnliir  foniiatiniis  of  a  more  or 
^H^8  plon^iif<'(l  and  turtiioiis  cliaraotfr,  composed  <»f  cylindrical  rir 
^Hf  more  irrc^iilitr-i-liupcd  i-pitlicliul  cclU.  In  Mirue  in»<tancc.H  these 
^Hri>  Ptrikiiiirly  like  ncw-lornicd  biliary  cupillaricH,  und  ixrhaps 
^Bhcv  iM-casionally  (iriirinatc  from  these  structures.  Mkr'  cutn- 
^rnonly.  hit\v<'ver,  tiie  urijrin  wnuld  seem  t<i  he  Tnini  the  h<-patie 
cflis  thrnisclves.  'riic  ctiiiinins  of  hepatic  cells  nndiTjro  pnililiTa- 
tive  change,  and  at  tiie  same  time  JKtHime  somewhut  tninsl'dniied, 
isiimii)>r  the  tubular  urrunfix'ment  of  adenoma.  Occasion- 
lly  ndr-noma  ajid  cystic  adenoma  oritrinate  from  the  mucous 
lands  of  the  lar^jer  liiliary  duets.  When  cirrhosis  is  as.-i<H'iate<l 
rith  ndenoinalous  ])r<)Ii(er;ition  it  is  piidiable  that  the  j>riuiarv 
lianire  is  a  cirrhotic  overjirowth  which  induces  Mecou<larv  hy|K'r- 
liu^ia  of  the  epithelial  cells,  instead  of  degenerative  chanj^'S,  such 
usually  result  from  the  pressure  of  ncw-formMl  fibrr>us  tissue. 


'I  (iUb«rt). 


^H  Carcinoma  of  th<-  liver  is  similar  in  i>rigin  and  structure  to 
^HScnoma.  TIm-  cellular  acini  and  tubules  are  more  irregidar,  and 
^Bierc  is  an  evi<leut  tendency  to  <liifuse  intiltnition  and  atypical 
'      form-atioti  of  acini. 

Secondary  carcinoma  of  the  livor  is  very  common  as  a 
result  of  carcinoma  of  the  stomach  or  of  other  parts  of  the  portal 
Jjjitribution.     It  is  upually  due  to  cancerous  embolism  in  the  por- 
tmpillaries,  with  subsecpient  development  of  the  emboli  (Kig. 
BO).     The  liver  l>ecoines  enlarfjed,  and  presents  nodtd:ir  masses 
K>n   its  surface  or  within   its  substance.      These   ni«lules  vary 
Dm  the  sije  of  a  pea  to  that  of  an  apple,  and  are  fre»iuentlj 
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sharply  delimited  by  capeule-formation,  especially  those  wiuek 
have  reached  consideiable  tdxe.  Not  rarely  the  nodaks  an  is- 
dented  np<Hi  tiie  surfiMse  (ambilioated)  from  oentnl  aohmmv 
from  oootiaotion  of  fibrous  tissue  wiUiin  (Fig.  259).  SeemiaBy 
cancer  of  &e  liver  may  also  resolt  fiom  direct  extension  of  eueer 
of  the  stomach  or  of  the  nI14>ladder  and  biliaiy  duBta.  In  d 
cases  the  new  growths  teiM  to  compress  the  bil»^notB  and  lad 
to  biliary  pigmentation  of  the  livep«dbstano^  tm  well  as  to  ges- 
exal  icteros. 
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Pin.  2fiO  —.Secondary  cancer  of  the  liver :  a,  eolamni  of  ltv«r<ells  flilcd  with  Ml«-pif- 
ineiit:  b.  endothelial  wallii  of  caplllarle*;  e,  cwrclnomatoiu  emboli  In  the  rapillarki 
(Haiiot  and  (iilbert). 

Cysts  of  the  liver  are  rare.  They  may  sprinft  from  the  biliary 
ducts  which  have  suffered  simple  dilatation,  <»r  from  the  mucous 
glands  of  tlie  larger  bile-ducts  (cystic  adenoma).  Occasionally 
small  cysts  are  seen  which  surest  origin  from  dilatation  of  the 
lymphatic  channels. 


PARASITES. 

Of  the  protozoa,  coccidial  Pitorospermice  (Fig.  261)  have  been 
occasionally  demonstrated  in  the  human  liver  in  small  nodular 
tumors  ;  biit  a  more  imjwrtant  parasite  is  the  Amceba  eoli,  occm- 
ring  in  abscess  of  the  liver  secondary  to  amebic  dysenterj'.  The 
pus  of  the  abscess  may  contain  immense  numbers  of  the  amebtp, 
and  doubtless  these  organisms  bear  an  important  relation  to  the 
lesion,  jMirhaps  causing  necrosis  by  their  own  activity  and  then 
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liberating  pyogenic  organisms  wluoh  they  liave  earritMl  from  the 
intestines,  and  whicli  complete  tiiu  jmtliulugio  pmcess.  Tlie  larval 
I  J^eniastoina  denticulatum  is  occasiotutUy  met  with. 

The  Distoma  hrpfilirum  ami  the  IHnioma  Irniceolafinn  occa.«ioii- 

'ally  infest  the  hiliary  diu'ts,  juiJ  th<'  Dii^ltniia  luiiitittJ/iinii  the  poj-tal 

vein.     Aura rlilfti  souietiim.-s  nvep  upward  in  the  hiliary  duets  as 

far  as  the  hninehes  within  the  liver.     Tiie  L'yxlicrrruif  (rlltilomi-  is 

[a  rare  parasitic  formation. 

Echinocowrim  <7/.i/. — The  most  imjwrtant  jximsitic  disease  of 


1  Fio.  2(;i.— *'i>ri  i'lla  hi  Ibo  ivall  ■•{  »  hUeAnit.    Tli.'  i  ui  hIh.vh  in  tlu'  lentfr  nritvf  jiro- 
lUermlioQ  of  the  wall  of  Ibe  dutl,  with  numerous  OTold  covildlu  ii)iis.<crt  in  Itiv  titsuv. 

the  liver  is  the  echinoeoecus-cj'st,  caused  by  the  presence  of  the 
lar%"ie  of  the  Trenia  (■chinncoecus  (see  Part  I.).  This  parasite 
occasions  cystic  formations  uf  various  kinds  within  the  liver.  The 
cyst  has  a  double  wall :  the  outer,  of  connective  tissue  ;  the  inner, 


Fig.  262.— EchiQucuccuo  muUlloculiirl6  (LuschlM). 


B  parenchymatous  membrane,  fmrn  which  1>uds  fbrood-capsules") 
ana  secondar\-  cysts  are  prone  to  originate.  There  may  be  a 
single  cyst  containing  eh'jir  liquifl  of  low  specific  gravity,  or  a 
.mother-cyst  contaiuiiig  daughter-<"ysts,  either  ujwn  the  inner  M-all 
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or  floating  free  within  the  lifjiiid  after  their  separation.  Some- 
times even  gr.indtliiu^j^htiT-cvst.s  are  formed.  Oooasionally  \\\c 
(laughter-cysts  are  tbun»l  oiitsitlo  of  the  mother-cynt,  cxtnision  in 
such  cases  having  taken  place.  A  form  of  multili>cular  cyst  i^ 
more  rarely  observed  in  which  there  are  numerous  small  cvst« 
embeddetl  in  more  or  les.s  firm  connective  tissue  (Fig.  262 1. 
Echinoc(K»cus-cyst8  may  rupture  into  the  alxlomen  or  into  sur- 
rounding viscera.     The  most  serious  condition  is  rupture  into  ihi- 


Fia.  283.— EchlnococctUHTSt  of  the  liver  (from  a  upecfmen  In  the  Ifaseam  of  the  PhU*- 

ik'lphiit  Hcupitnlj 

vena  cava,  as  tlic  result  of  which  livilatid  disease  of  the  heart,  the 
hniin,  or  otlicr  orgtms  may  ensue.  Bacterial  invasion  occasionally 
takes  [)lace,  and  iiKscess  may  result.  Finally,  the  liquid  contents 
may  lie  aiisorhed,  and  the  cyst  may  l»e  rediiec<l  to  a  small  ravity 
hiivirii:  a  shrivelled  wall  and  euntainiiig  granular  or  caseous 
delritus  (Fig.  263).  Ecliiiuiconcus-cysts  may  press  upon  the  gall- 
duct,  prtKlucing  jaundice,  or  upon  the  portal  veins,  causing  ascites. 

thl:  miliary  ducts  .\ND  G.\LL-BLADDER. 


INFLAMMATIONS. 

Cholangitis,  nr  inflammation  of  the  biliary  ducts,  is 

nui.'it  freipientiy  sccondurv  to  duodenal  catarrh,  though  it  niav  he 
the  result  of  direct  irritation  liy  gall-stones,  hy  foreign  bodies 
which  have  entered  from  the  intestine,  or  by  pjirasites  or  bacteria. 
In  the  ca.scs  secondary  to  duodenitis  the  inflammation  usually 
extends  Vtut  a  short  di.stancc  upward  from  the  mouth  of  the  coin- 
iiinn  bilcHluct,  but  (here  may  sometimes  be  more  extensive  in- 
volveiiietit  of  the  duets,  and  the  mucous  membrane  of  the  gall- 
lilailder  may  be  affected  at  the  same  time.  The  mucosa  is  swollen, 
more  or  less  edematous,  and  secretes  abundant  mucus.  The  result 
is  obstruction  of  the  duct  with  retention  of  bile  and  jaundiw. 
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Suppurative  cholangitis  may  ixcur  as  iiii  indc'iiendent  t-on- 
<litif)ii  in  CL>nst'(]Ui-nct'  tit'  certain  infectioiirt  ttiseases,  but  is  indre 
cimimonly  spfomiarv  to  iil).stnifti<in  of  tlio  cniiimon  duct  or  liopatie 
duet.  Bacterial  ii)vai«ioii  from  tlic  iutestim^  or  thniugli  tli<'  liluod 
causes  decitrupisition  of  tJic  ri'taiufd  liilc  and  inflanutiatioii  of  tlic 
ducts.  SometinK'.s  suppunitive  cholan<:itis  results  from  tiie  rujiture 
of  an  ali.scc^is  of  the  liver  into  the  hile-duets.  The  association  of 
cholatifritis,  simple  or  suppumtive,  with  typhoid  fever  is  of  con- 
siderahle  elinieal  interest,  Amonof  the  iiiiero-organisnis  discovered 
in  suppurative  eholiinfritis  the  pyfitretiic  niiemcoeei  anil  the  liaeilhis 
coli  communis  arc  most  frequent.  The  hile-ducts  are  fille<l  with 
more  or  less  decomjiosed  l)ile,  or  with  puriforni  liquid,  and  the 
walls  of  the  ducts,  especially  the  larger  ones,  may  present  an 
ulcerated  or  necrotic  aiipcarauce.     Snudl  dilatations  nuiy  ficeur  in 

Ijlaccs  wliere  the  duet  has  become  deeply  ulcerated,  and  later 
ii|»atii'  abscesses  of  cnnsidcnilde  size  may  form. 

Chronic  cholangitis  may  lie  the  outcome  of  an  intense 
acute  or  n^jwated  acute  attacks,  but  is  more  commonly  met  with 
as  a  eonscfpicnce  of  ctironic  obstruction  of  the  ducts  and  retention 
of  bile.  A  ItK-idized  form,  causing;  cicatricial  steno.sis,  rcsidts  from 
intense  inHammatory  lesions  I'ollowinfj  the  jMis.-iafrc  of  sttmes.  The 
gidlnlucts  in  chronic  cholangitis  are  nu>re  or  less  tliick<'ned,  and 
in  the  cases  due  to  oljstructiou   may  be  considerably  dilated. 

Results  of  Cholangitis. — In  the  acute  form  extension  nuiy  take 
place  to  the  duct.s  within  the  liver,  and  in  case  of  bacterial  in- 
vasion pericliohuif^itis  and  abscesses  may  form,  Mor(>  commonly 
acute  cholanfjitis  leads  to  but  a  temp>niry  overfillinfr  of  the  biliary 
ca[>i!larics  with  bile,  and  in  consciMicuce  to  obstructive  jaundice. 
AVheu  the  obstruction  is  continued  for  a  considerable  leiifrtli  of 
time  reactive  chaufjes  fwciir  in  the  liver,  constituting  the  form  of 
cirrhosis  called  biliary  cirrhosis  (see  jiafre  570). 

Cholecystitis,  or  inflammation  of  the  gall-bladder, 
may  result  i"i-om  extension  of  ciiolangitis,  or  may  be  due  to  the 
irritation  of  retained  bile  or  of  gjiU-stones.  It  is  a  fairly  common 
sequel  of  typhoitl  fever,  and  the  typhoid  bacillus  has  been  found 
in  the  contents  of  the  ipdl-bladder,  sometinu-s  a  considerable  time 
after  the  original  infection  had  subsided.  It  is  prone  to  assume 
a  purulent  diameter;  and  the  gall-bladder  nuiy  become  filled 
with  pus  (niipifcma  of  (he  gitll-}>!<t(hhr).  This  may  rui)ture,  dis- 
charging into  the  abdominal  cavity,  into  adjacent  viscera,  or  ex- 
ternally. The  wall  of  the  gall-bladder  is  usually  much  thickened, 
and  the  mucous  membrane  is  swollen  and  ulcerated. 


STENOSIS  AND  DILATATION. 

Stenosis  of  the  liile-ducta  is  most  commonly  the  result  of 
acute  inflammation,  causing  thickening  of  the  mucosa  antl  ac- 
cumulation  of  mucus.     It  uu»y   restdt  from   chronic  cholaJigitis 
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with  cicatricial  overgrowth  of  connective  tissue;  from. the  impac- 
tion of  gall-stones,  or  the  presence  of  various  foreign  bodies,  soch 
as  particles  of  food,  mucus,  ruund-worms  or  other  parasites  within 
the  duct ;  from  pressure  by  aneurj'sms,  by  tumors  of  the  head  of 
the  pancreas,  pylorus,  duodenum,  lympliatic  glands,  or  of  tbc 
liver ;  and  from  tumors  of  the  gall-ducts  themselves.  Sometiuiis 
it  is  due  to  the  constrictitin  of  adhesions  resulting  fn>m  peritonitis. 
Obstruction  of  the  ducts  leads  to  the  retention  of  bile  and  dilata- 
tion of  the  ducts  above,  with  coasequent  enlargement  of  the  liver 
and  jaundice.  Obstruction  of  the  cystic  duct,  which  is  most  fre- 
quently due  to  the  impaction  of  a  stone,  may  occasion  dilatatioo 
of  the  gall-bladder  with  dnjpsical  liquid,  in  consequence  of  the 
pa.ssive  hyperemia  producnl  by  compression  of  the  veins  at  the 
neck  of  the  gall-bladder.  This  condition  is  s()okeii  of  as  drofuiy 
of  the  gall-bladder.  Sometimes  suppurative  inflammation  occurs, 
and  empyema  of  the  gail-bla(hK?r  results. 

Contraction  of  the  gall-bladder,  or  even  complete  shrink- 
age or  atrophy,  may  result  from  obstruction  at  the  mouth  of  the 
cystic  duct,  or  from  inflammatory  processes  within  its  walls  or 
surroimdiiig  it. 

Dilatation  of  the  ducts  or  of  the  gall-bladder  mo.st  frequenily 
rciiiit.-  from  any  stenosis  of  the  ducts  below. 

QALL-STONES ;    CHOLELITHIASIS. 

Gall-stones  are  conc^retions  resulting  from  inspissation  of  iiile, 
or  from  the  dej^osit  of  various  substances  fmm  the  bile.  Most 
frequently  they  are  formed  in  the  gall-bladder  ;  occasionally  they 
originate  in  the  bile-ducts. 

Etiology. — Tiie  causes  are  imperfectly  understoocl.  Ad- 
vanced years,  the  female  sex,  .sedentary  life,  and  high  living  seera 
to  be  factors  of  im|mrtance.  Infli>niinatorv  conditions  leading  to 
obstruction  and  retardation  of  the  outflow  of  bile,  and  also  to  des- 
quamation of  epithelium,  wliich,  with  mucu.s,  serves  to  form  •  the 
nuclei  of  the  .stones,  seem  to  be  among  the  causes.  Besides  these 
conditions  there  are  prohably  indefinite  alterations  c»f  the  bile 
whiejt  permit  of  precipitation  of  some  of  its  constituents,  notably 
chole.sterin.  Hacteriu  piay  an  inipi>rtarit  role  in  many  ca.ses.  The 
bacteria  may  by  their  precipitation  and  clumping  form  the  nucleus 
of  a  stone,  or  may  occasion  decomposition  of  the  bile  and  inflam- 
mijtiini  of  tin-  iltiet.s.  I)e.s(|uamated  epithelial  cells  and  products 
of  di'cnnijio.^itiuu  of  the  liile  in  the  latter  case  form  the  inicleus  of 
the  gall-sloue.  .Among  ivther  micro-organisms  the  typhoid  bacillus 
is  of  etiologie.  tJii|>ortaiice, 

Structtire  and  Pathologic  Anatomy. — Gall-stones  may 
be  single  or  multiple,  and  may  vary  in  size  from  minute  granular 

tides  of  biliary  sand  to  calculi  several  centimeters  in  <iiameter. 
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biln-tliicts  they  are  clong!ite<l.  Biliary  sarnl  is,  tor  the  ninst  part, 
r'>rn|M)Scd  of  bilian-  pigments  in  (.■uiubiiiatidii  with  cuK-iiim  ^ialts. 
The  larger  stones  on  section  usually  show  a  central  nuoleiis  com- 
posed of  epitheliuni  or  mucus  niinglerl  with  insjiissated  hilc,  sur- 
rounrli'd  hya  zone  of  somew'hat  radiating  and  crystalline  stnifture, 
composed  of  cluilesterin.  iVroiind  tiiis  may  l»e  a  coat  of  bilc-jjig- 
menl.  In  other  cases  the  cniire  stfine  is  formed  of  biliary  pig- 
ments in  eonibinatiou  with  ealciiini  salts,  or  more  rarely  the 
calculus  consists  entirely  of  carbonate  of  lime. 

Gall-stones  may  lie  in  the  gall-bladiler  or  ducts  without  caus- 
ing serious  disturbanci'S,  or  from  time  to  time  attacks  of  biliary 
coTie  denote  their  passjige  through  the  iluets  to  the  Ijowel.  They 
may  pass  through  the  ducts  iuto  the  intestine  when  of  small  si^e, 
but  often  be<'ome  imjiaetetl  in  the  lower  part  of  the  common  duet, 
generally  just  above  the  duodenal  pajjillie  or  in  the  mouth  of  the 
cystic  duct.  Secondary  changes  in  tlie  gall-bladder  (dilatation  and 
inflammation)  and  in  the  liver  (enlargement,  cirrhosis)  may  result  ; 
and  the  stone  may  cause  Uk-a]  ulceration,  and  may  finally  escape 
into  the  bowel  or  iuto  other  parts  by  ulceration.  Occasionally 
gall-stones  remain  impacte<l  tor  long  periods  without  causing 
serious  disturbances,  enough  space  remaining  to  permit  the  es- 
cape of  bile. 

TUMORS. 

Tumors  of  the  gall-ducts  and  gall-bladder  are  rare.  Privxary 
carcinoma  arising  from  the  mucous  glands  is  the  most  important. 
This  appears  as  an  irregular  elevation  of  the  mucous  surface,  and 
rapidly  infiltrates  the  adjoining  parts.  In  cases  of  primary  cancer 
of  the  gall-bladder  the  liver  is  st)on  involved.  Gall-stones  are 
present  in  a  great  majftrity  of  the  cases  and  probably  play  an  im- 
portant etiologic  part  by  their  continuous  irritation.  On  the  other 
hand,  the  gall-stones  may  form  in  cousc(juence  of  the  stagnation  of 
bile  and  other  local  conditions  caused  by  tlie  tumor.  Sccmnhri/ 
carclnomft  of  the  gall-bladder  or  ducts  most  frequently  results 
from  cancer  of  the  liver.  The  lower  end  of  the  duct  may  be  in- 
volved in  cases  of  carcinoma  of  the  papilla  of  Vater.  Sarcoma, 
Jibrmna,  and  oiker  tumors  are  rare. 

JAUNDICE. 

Jaundice,  or  icterus,  is  a  discoloration  of  the  skin  and  other 
parts,  resulting  I'rom  the  presence  in  the  blootl  of  biliary  pigments. 

Etiology. — Jaundice  has  been  described  as  being  of  two  forms, 
the  ohstnictire,  mechaiiwal,  or  hepalrigninuH,  and  the  non-nhstrwiive, 
or  hemntogenouH  variety.  This  distinction,  however,  has  been  to 
a  large  e.vtent  abandoned,  and  it  is  now  admitted  that  the  abnor- 
mal coloring-matter  in  all  cases  f)riginates  in  the  liver,  and  is  in- 
variably a  hepatic  pigment. 
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Among  the  distinctly  mechanical  causfs  of  jaundice  the 
frcnucnt  is  occlusinn  of  the  ducts  liy  catarrlial  duodeniti* 
choianf^itis.  To  this  form  the  terra  v<itarrli(U  jaundiet  is  gienerariy 
a|){i!if<l.  Less  commonly  obstruction  may  be  occasioned  by  for- 
eign IxkUcs,  gall-stones,  or  parasites  within  the  ducts ;  by  tin; 
pressure  of  tumors  of  the  duodenum,  pancreas,  and  the  lymphatic 
glands  of  the  liver  or  of  the  gall-ducts  themselves  ;  by  the  press^ 
are  of  aneur\'8nis  u|)on  the  ducts ;  or  by  occlusion  of  t)ie  bilian- 
passages  within  the  liver  by  abscess,  hydatid  cysts,  hypertrophic 
cirrhosis,  carcinoma,  rir  other  tumors.  Congestion  of  the  Uver 
may  lead  to  jaunilice  by  the  swelling  of  the  organ  consequent  upon 
the  overfilling  of  the  vessels  with  Tilood,  or  by  reason  of  the  ro- 
sorption  of  bile  due  to  the  alterations  of  pressure  i>f  the  blofJ  in 
the  ditlerent  vascular  channels.  Heniatf>genous  jaundice  was  f-ir- 
merly  reganled  as  due  to  disintegration  of  the  blood  in  the  gen- 
eral circulation,  but  it  is  now  rpcf>gnized  that  formation  of  the  pig- 
ments can  take  place  only  in  the  liver.  There  are,  howe%'er,  b- 
stances  of  jaundice  in  which  active  hemolysis  is  an  element  of 
importance.  Jaundice  of  this  character  occurs  in  various  s«'vere 
infections,  such  as  yelluw  fever,  acute  yellow  atrophy  of  the  liver, 
the  jaundice  of  the  new-born,  and  in  consequence  of  certain  in- 
toxications (phosphorus,  toadstools,  the  venom  of  snakes).  Several 
explanations  may  l)e  applied  to  cases  of  this  kind.  Sometimes 
excessive  blooil-destruction  leads  to  formation  of  abnormally  large 
quantities  of  l>ile  ( poh/<'ho/ia),  and  in  consequence  to  absonnion 
of  Ifiliary  pigment  by  tlic  lymphatics  in  the  liver.  It  is  l>eliev€d 
by  some  investigators  that  the  liefiatic  cells  may  in  some  condi- 
tions reverse  the  direction  of  their  secretion,  so  that  the  bile  i« 
discharged  into  the  lymphatic  current  instead  of  into  the  biliarr 
capillaries.  This  view  needs  conFirniation.  In  other  crises  toxic 
degeneration  of  the  hepatic  cells  may  lead  to  stimulation  of  the 
hejiatic  function,  or  to  swelling  of  the  cells  and  compression  of  the 
biliary  capillaries,  and  in  consci|nencc  to  absorption  of  the  bile. 
F'inally,  in  the  jaundice  of  the  new-born,  as  well  as  in  some 
instances  of  sudden  cmf»tional  jaundice,  disturljance  of  the  circula- 
tion witliin  the  liver  may  be  a  potent  cause. 

Pathologic  Anatomy. — Microscopic  examination  of  the  liver 
may  show  the  biliary  caj>illuries  distended  with  bile  and  the 
hepatic  cells  themselves  more  or  less  pigmented.  The  bile  is 
absorbed  by  the  lymphatics,  and  ultimately  reaches  the  general 
circulation  and  pigments  the  tissues.  The  earliest  e%nden(v  is 
seen  in  the  intinia  of  the  vessels  ;  later,  all  the  tissues  and  organs 
of  the  l)o<ly  may  be  involved,  and  visible  discoloration  appears  in 
the  skin  and  external  mucous  nienihnuies.  The  urine  is  dark 
brownish  or  greenish  in  color,  and  all  of  the  secretions  and  liquid 
exudates  may  be  pigmented.  In  ca.ses  caused  by  obstruction  of 
the  bile-ducts  the  bile  cannot  reach  the  intestines  and  the  stools 
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havo  a  quite  oliaraoteristic  putty  coliir.  In  "  luMiiatOfreiious " 
jaiimlice  tht'  color  of  the  ."tfxils  is  to  a  crrtain  cxtciit  maiiitainoil. 
Intense  ilistiirlianct's,  (^(wvialiy  of  the  nervous  svstein,  result  from 
excofisive  elnvleniia,  Init  are  ilue  to  the  eholic  aeid  salts  rather  than 
to  the  Ijiliary  piguieuts. 

THE    PANCREAS. 
CONGENITAL  ABNORMALITtES. 

Complete  absenee  has  been  met  with  in  monstrosities.  More 
frequently  an  adventitious  pancreas  or  licterotopic  pancreatic 
tissue  is  obser\-e(l.  Small  nodules  of  pancreatic  tissue  uiav  he 
found  in  the  omentum,  the  wall  of  the  intestines,  or  elsewhere. 

CIRCULATORY  DISTURBANCES. 

!  Active  hyperemia  occurs  during  digestion  and  iu  association 
with  (ictite  iuHammation. 

Passive  h3rpereiiiia  occurs  in  cases  of  obstruction  to  the 
portal  circulation,  hut  riirely  leads  to  notable  changes, 

Hemorrhage  may  occur  in  the  jmncreas,  in  the  form  of 
minute  peteehiie  or  diffuse  hemorrhagic  infiltration,  as  the  result 
of  passive  congestion  or  of  various  hemon'hagic  and  infectious 
diseases,  such  as  piiquirji,  scurv}-,  se|)ticemia,  or  the  extreme 
anemias. 

More  extensive  hemorrhage  in  the  pancreas  and  in  the  tissues 
surrounding  it  sometimes  CK-curs  as  an  "  i<liopathie  "  affection,  the 
causes  being  obscure.  It  is  more  common  in  tlie  young  than  the 
old,  and  in  the  male  than  the  female  sex,  and  at  times  appears  to 
be  dependent  iijKin  tniumatism.  Doubtless  in  some  eas«'>  the  licm- 
orrhage  is  the  result  of  necrosis  or  other  pre-existing  atlections  of 
the  pancreas  or  of  its  bhKMl-vessels.  The  changes  are  most  marked 
in  the  head  of  the  orgtui,  although  any  |iart  may  lie  affected.  There 
may  bo  diffuse  infiltration,  or  the  hemorrhage  occurs  in  isolated 
foci.  Oeea.sionally  considerable  collections  of  blood  may  be  met 
with,  and  seeondar\"  reactive  inflammation  and  necrosis  are  fre- 
quently obser\-ed.  The  peritoneum,  the  wall  of  the  duoilenura, 
and  other  surrounding   tissues  may   1h'  coineidently  involved. 

Sudden  death  may  occur  in  tliis  condition  from  shock  or  com- 
pression of  the  solar  plexus,  or  the  case  may  terminate  in  oilier 
pancreatic  affections.  Doubtless  chronic  indurative  pancreatitis 
originates  in  this  way  in  sojue  eases.  More  conmionly  progressive 
necrosis  and  suppurative  iitfl:innnatic>n  terminate  the  disease. 

ATROPHY  AND  DEGENERATIONS. 

Atrophy  of  the  pancreas  occurs  in  old  age  and  as  the 
Iresult  of  niarasmic  conditions.     The  entire  organ  is  involved  in 
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siu'li  cases.  Lix-alized  atrophy  may  be  associated  with  variooi 
deacncnitinns  or  other  diseases  of  the  orcaii.  Thus,  in  carcinoma 
or  ill  cirrliipsis,  i)re-.si ire-atrophies  are  extremely  frequent. 

Parenchymatous  degeneration  may  occur  in  consetjiimw 
of  acute  infi'ctioiis,  and  resend)les  tlie  cloudy  swelling;  of  the  liver, 
kidnovs,  and  iieart  oecurrintr  in  the  same  diseases.  The  "ircnn 
becomes  soiin'vvhat  eularjred  ;  is  softer  than  normal  ;  ami  nwv  ai 
the  same  time  he  congested. 

Mirroseiipii  ally  the  cells  are  found  to  have  undergone  j;ranular 
ehanijje  (parenchymatous  degeneration). 

Amyloid  degeneration  is  a  rare  condition  occurring  id 
assoi'iatioii   with  amyluid  iliseiise  of  other  organs. 

Pigmentation  may  he  met  with  in  the  atrophic  organ  of  olJ 
piTscms,  or  111  i-onsei|iien<'e  of  hemorrhagic  infiltration  and  subse- 
quent disorganizatii>n  of  the  extravasated  hlo<Kl.  Of  particular 
interest  are  the  cases  of  hematovhromatosla  atfe<,'ting  the  ptuierva*, 
together  with  the  intestines,  liver,  and  otlier  abdominal  organs  in 
dninkards.  The  affected  org-.iiis  in  this  condition  present  more  or 
les**  extensive  lieniat((gen(jus  |>igmentatioii. 

Necrosis  of  small  areas  of  the  pancreas  may  ot'cur  in  conse- 
quence of  hemorrhage  or  of  inHamiuatory  conditions.  ?k>metimes 
the  entire  organ  is  disorganized  by  u  form  of  gangrenous  n<?crosis, 
especially  in  ease  of  pancreatitis  resulting  from  perforation  of  a 
gastric  ulcer  or  fmm  extension  of  other  severe  inf1aminati>rv  h>sinn.s. 

Disease  of  the  Islands  of  Langerhans. — Tiie  panerms 
iii>riitiilly  contains  small  cnllectioiis  nf  round  cells  differing  verv 
strikingly  iVum  the  true  pancreatic  cells.  They  are  more  abundant 
near  the  tail  than  the  head  of  the  organ.  They  are  not  in  relation 
with  the  excretory  ducts  of  the  organ,  hut  rather  with  the  blood- 
vessels, mill  are  -iippnsed  to  make  an  ioti'mal  secn^tion.  .VtnMihy 
and  hyaline  dei^ein'ratinii  of  these  islainU  have  been  descrilMXl  in 
ass()*'iatiiin  with  ehrnnie  interstitial  pancreatitis  an<l  as  inilependcnf 
conditions.  Tlie  relation  of  such  lesions  to  diabetes  is  discugse<i 
below. 

Fat-necrosis  is  a  form  of  degeneration  or  necrosis  peculiar 
to  the  fatty  tissue  of  the  pancreas  and  of  the  omentum.  Most 
freipiently  it  is  fbiunl  in  association  with  acute  or  chronic  pancrea- 
titis, with  tumors  of  thi;  pancreas,  or  obstruction  of  its  duct :  but 
it  may  occur  independently,  and  it  may  appear  in  the  fatty  ti,*siie 
of  the  omentum  without  involving  the  pancreas.  Minute  foci, 
having  a  gnvy  or  white,  ojmnue  appearance,  or  more  rarely  largrr 
areas  due  to  confluence  of^  snuill  foci  of  necrosis,  are  found 
in  the  adipose  tissues.  Hemorrhai;ic  infiltration  m.ay  be  a.<so- 
ciated,  and  sometimes  extensive  Inniorrhage  may  ensue.  Inflam- 
mation of  the  pancreatic  tissues  around  the  f<x"i  of  necrosis  is  com- 
mon, an<l  in  S4jme  instances  extensive  disorganization  (necrosi.?)  of 
the  pancreas  occurs. 
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Microscopically  the  changes  consist  ot",  fii*st,  disintcfrration  of 
the  fat-drops  of  the  adipose  cells  with  fornnitioii  of  small  droplets, 
then  the  appearance  of  fut-crvstals  witliiu  llie  adipose  cells,  and 
suhsoqucntly  the  disoriraiitxation  of  thi".-.e  ami  tlic  formation  of 
calcium  salts  of  the  fat-acids,  the  inici-oseojiic  a)ip<'aranei'  at  this 
stjige  beinjr  that  of  iiidetinite  {rnnudar  or  tmnshicent  musses.  The 
^nature  of  fat-uecrosts  has  been  previously  discussed  tscc  page  99). 

INFLAMMATIONS. 

Pancreatitis   may  be  acute  or  clminic.     The  acute  variety 

Cn'scuts  itself  in  difi'creut  forms,  the  most  frc(pient  beinjr  the 
emorrhagic  and  the  suppurative  or  necrotic,  t.'hnmic  pancrea- 
titis is  analogous  to  chronic  hepatitis,  and  leads  to  similar  indura- 
tion or  cirrhosis. 

Acute  hemorrhagic  pancreatitis  occurs  niost  commonly  in  young 
persons,  ami  is  probably  in  most,  if  not  all,  cases  de|)eudcnt  ujion 
infection  of  the  fwncreas  through  its  ducts.  It  is  likely  that  some 
ca.ses  are  not  in  reality  inHammatory,  but  simply  instances  of 
degenerations  of  the  jKincreas,  with  hemorrhage  and  njund-cell 
iutiltrution  as  consequences.  The  pancreas  is  swollen,  especially 
at  its  head  ;  the  lobules  are  enlarged  and  the  iiiterloljidar  tissues 
compressed.  Hemorrhagic  intiltnitiuu  is  a  constant  condition,  but 
varialde  in  extent.  Microscopically  the  cells  of  the  pancreas  arc 
swollen,  and  usually  present  the  appeanuic<'s  of  parenchymatous 
decencration.  The  interlobular  tissues  arc  intiltrated  with  rfnind 
celU.  Localized  necrosis  and  fat-necrosis  may  be  associated. 
Kapid  death  is  the  usual  consetpience,  but  it  is  probable  that 
some  of  the  cases  terminate  in  ciironic  pancreatitis. 

Acute  suppurative  or  necrotic  pancreatitia  may  result  from 
direct  extension  of  septic  jm)cesses  in  tiie  neighborhood,  as  in  gas- 
tric or  duodenal  ulccnition,  [mruleut  collections  in  the  peritoneum, 
and  the  like.  It  may  also  occur  as  an  independent  uflection,  most 
frequently  in  coiise((uence  of  infection  from  the  intestinal  tract 
through  the  ducts.  Occasionally  metastatic  absees.ses  are  observed 
in  the  pancreas.  Hemorrhagic  jiancrcatitis  may  be  c(jiiver(ed  into 
the  necrotic  form  in  consequence  of  extensive  extravasjition  of 

■  blofxl  and  secondary  intijction. 
The  organ  presents  a  variable  appearance,  according  to  the 
cause  and  extent  of  the  process.  Tliere  is  generally  marked 
swelling  with  more  or  less  softening,  and  not  rarely  necrotic  foci. 
Complete  gangrene  or  necrosis  is  an  occasional  termination.  In 
other  cases  parts  of  the  pancreas  may  slough,  and  may  be  dis- 
charged through  the  intestines  or  into  the  peritoneum,  setting  up 
fetal  peritonitis. 

Ohronic  indurative  pancreatitis,  or  cirrhosts  of  the  pancreas,  may 
ibe  hematogenous  in  origin,  resulting  from  syphilis  and  alcoholism, 
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or  it  may  be  cause<l  l)y  [>rolf>iigc<l  irritation  exercised  through  the 
paiKTcatie  iliu't.s,  i>i  eunsequeuee  ol'  frequent  enirauce  of  intestinal 
conteiit.s  or  |iartial  stenosis  of  the  (luets.  In  the  latter  case  it  maj 
he  seeontlarv  to  duodenal  eatarrhs  or  oiistnietions  of  the  jKinrrratic 
duet.      In   some  eases  it  is  doubtless  the  outeome  of  acute  attjieks. 

Tile  jianereas  in  the  earlier  stages  is  enlarged  and  hard.  Oil 
section  it  may  jiresent  a  Imniogeneoiis  structure  and  mav  lie  nf 
cartilaginous  consistence.  Macrosc<ipiealIy  the  tissues  between 
tlie  acini  are  vi.sihly  infiltrated  and  hyperplastic,  the  aniouni 
of  connective  tissue  being  greatly  in  excess  of  the  normal.  In  thv 
later  stages  tlie  organ  becomes  contracted,  and  may  be  consider- 
ably reduced  in  si/e  and  nf  stony  hardness. 

Microscopically  tfie  parenchyma  of  the  organ  is  found  to  lie 
atrophied  or  tiegenenited  in  eonsetpience  of  contniction  of  the 
hyperplastic  fibrous  tissue.  Fat-necrosis  and  fatty  degeneration 
of  the  jianereatic  cells  are  frequently  associated. 

A  distinction  has  been  made  between  intralobular  and  inter- 
lobular ]inncrratitis,  the  lijrmer,  by  entering  t!ie  lobnli-s  tlu-niselvo*, 
bi'ing  said  to  cause  changes  in  the  islands  nf  Langerhans  and,  there- 
fore, dialx'tes  more  readily  than  the  latter,  in  which  the  conne«'tive- 
tissue  overgrowth  is  contiiicd  to  the  struma  between  the  lobules. 

Pathologic  Physiology  of  Pancreatic  Disease. — Among 

the  more  or  less  clianu'tcnstie  syn)[>toms  of  pancrratic  ilisease  are 
fatty  diarrhea  (stealorrlica).  iinpcrti.'ct  digestion  of  proteiils  (azo- 
torriiea),  rapid  emaciation,  lipcmia,  and  lipiiria.  All  of  these  result 
from  the  cesstition  of  pancreatic  secretion  and  consequent  disturi> 
ances  of  digestion  and  abs<irption  of  foo«l.  None  of  them  is 
pathognomonic.  A  more  important  symptom  is  glycosuria,  and 
the  rub'  of  pancrt'atic  disease  in  the  {)atliolfigy  of  diabetes  is  a 
leading  one.  Atro])liy,  cirrhosis,  carcinoma,  and  other  lesions  of 
the  organ  may  be  found  in  diabetes.  AV'hatcver  the  nature  of  tiie 
disease,  the  result  .seems  to  be  a  ilisturbanec  of  an  internal  secre- 
tion having  importance  in  the  consumption  of  sugjir.  When  this 
secretion  stops  or  diminis!n>s  glycosuria  or  diabetes  results.  Recent 
investigations  seem  to  inilicate  that  tlie  islands  of  Ijangerhans 
(certain  collections  of  rmirid  cells  ditfcring  from  the  true  jvuicrealic 
cells)  arc  the  source  of  the  intenutl  secretion,  and  tli.-it  disease  of 
these  islands  is  the  essential  lesion  in  "pancreatic  diabet<-s.'' 

INFECTIOUS  DISEASES. 

Syphilis  may  occur  in  the  pancreas  in  the  form  of  indurative 
pancreatitis  or  of  gummata.  The  former  may  occur  in  adults,  but 
is  more  common  in  the  new-born,  in  a.ssociation  with  indurative 
changes  in  the  liver,  lungs,  and  other  orgsms. 

Tuberculosis  of  the  pancreas,  in  the  form  of  miliarr 
occur  in  cases  of  jreueralized  tuberculosis. 
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TUMORS. 

Prinian'  l)ciiign  tumors  have  occasionally  Iteen  met  with,  but 
are  iinini|Mirtaiit. 

Carcinoma. — Primary  canei-r  may  affect  the  head  or,  more 
rarely,  other  juirts  of  the  puiiercas,  ami  is  of  tlic  irlamhilar  (.seir- 
rhoiio)  or,  more  nirely,  oi'  thi-  cylintlriral-i'ciled  variety.  C'oni- 
pros-sion  witii  weumlary  eystie  ilii-teiition  of  tlie  jiatiereatie  duet 
and  ohstriiction  of  the  eomnmii  hileHitict  or  of  the  veins  (jwrtal, 
superior  mesenteric,  and  .spleiiie)  helrinil  tlie  head  of  tlie  organ  may 
result.  Metastasis  to  the  neighlMiring  lymjihatie  glands  and  to 
the  liver  is  fretpient.  Seeond.irv  eaticer  may  all'cct  the  pancreas 
by  extension  of  cancer  of  the  stomaeli  nr  <if  the  duodeiumi. 

Pathologic  PhyBiolog7.— Pancreatic  carcinoma,  and  other  chronic 
diseases  of  the  p»nen,'as,  ot'ten  tH^«isioii  rapid  emaciation,  and  soni<'- 
times  fatty  diarrhea,  lipemta,  juul  lipuria.  Reference  has  alri'ady 
bt'cn  made  to  the  occurrence  of  diabetes  (gly<'osuria)  in  pancreatic 
iliseases.  In  a  mechanical  way  cjineer  of  the  heatl  of  the  pancreas 
iiiav  cause  janndice  by  ohstnictiim  of  t!ie  bile-<bicts;  splenic  en- 
largement, intestinal  congestion,  diarrhea,  and  ascites  Ijy  obstruc- 
tion of  the  adjacent  veins ;  repeated  \iimiting  and  s<imetinics 
intestinal  obstruction  by  coni]»res<!ion  of  the  duodenum. 

Sarcoma  is  rarely  primary.  Secondary  lUHtides  are  weasion- 
11  v  i)bscrvcd. 

Cysts  of  the  pancreas  may  be  of  several  kinds.  I>ilatation  of 
;he  pancreatic  du(!t  or  its  branches  may  occasion  a  single  cyst  or 
multiple  cysts  filled  with  serous  or  gelatintHis  liquid.  Hemorrhagic 
cv.sts  are  sometimes  the  result  of  necrosis  of  portions  of  the  organ, 
or  a  hemorrhage  (tiematoma)  may  fx.'  later  converted  into  a 
s'Tous  cyst.  The  latter  is  the  mode  of  formntiou  of  some  of  the 
large  cysts,  occurring,  for  the  luost  part,  near  tlu'  tail  ol'  the  pan- 
creas. In  other  cases,  it  has  been  held,  these  cvsts  result  from 
primary  necrosis  and  subsequent  digestion  of  tlic  necrotic  area  by 
the  pancreatic  secretions.  In  rare  in.stanccs  cysts  of  the  pancreas 
have  a  glandular  structure  .somewhat  resembling  that  of  ovarian 
'sj'stomata. 

Cystic  accunmlationB  in  the  lesser  omental  cavity,  resulting  from 
liMjalized  j>eritonitis,  may  tie  ditlicult  to  distinguish  from  true  jian- 
creatic  cysts,  as  some  of  the  hitter  lie  more  outside  than  within  the 
pancreas.  In  some  instances  such  bicalized  peritonitis  seems  to 
be  the  result  of  extension  of  pancreatic  inflamnuitions. 

The  fluid  of  pancreatic  cysts  often  contains  a  proteolytic  and 
an  emulsifying  ferment,  but  the  contents  of  other  abdominal  cysts 
ay  have  similar  constituents. 
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The  Pancreatic  Duct. 

Obstruction  of  the  pancreatic  duct  may  be  doe  to  tamon  of 
tJu'  iKipilla  m  the  duodenum  or  of  the  head  of  the  paiicreu,to 
calculi,  to  inflummutorv  thickening  of  the  duct  itficlf,  or  to  th* 
pressure  of  contracting  fibrous  tissue  in  chronic  pancreatitis 
ilost  commonly  it  leads  to  dilatation  of  the  duel,  this  sometimes 
becoming  so  great  as  to  occasion  actual  cystic  formations  (Fi^j. 
264).     The  dilated  ducts  are  filled  with  clear  liquid,  but  some- 
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-DilaUtlon  of  the  pancreatio  dact  und  •trophy  of  the  puicreu.  due  to  oklrall 
(Orth). 


times  through  bacterial  infection  this  is  rendered  turbid,  or  i* , 
actually  converte<l  into  pug.  Occasionally  small  cysts,  caiisedj 
by  distention  of  the  finer  divisions  of  the  dtict,  are  scattered] 
through  tile  organ  (pancreatic  acne).  These  are  sujiposed  tol 
H'sult  from  catarrfial  pnK-csses  in  the  ducts  themselves.  These 
snuill  cysts  are  filled  with  clear  or  ptiriform  liquid.  Some  caseftj 
8<j  describcfl  are  floubtless  instances  of  fat-necrosis. 

Pancreatic  calctili  are  composed  of  carbonate  or  phosphnt*] 
of  lime,  ami  usually  have  an  irregular  shape.  They  may  occasiooJ 
cystic  distention  of  the  ducts  and  abscess-formation. 


THE   PERITONEUM. 

CONQENITAL  ABNORMALITIES. 

Absence   of  the   jxritoneum  has  been   described ;   but 
frequeiitlv  minor   defects,  such  as  absence  of  the  omentum  irri 
iinnatiiral  length  of  the  omentuni  or  mesentery',  localized  defeots,] 
finest  rations,  and  the  like,  have  been  observeil.     The  j)eritonoan 
extension  into  tiie  inguinal  cflnal   normally  becomes  occluded,  but 
may  rcmuiu  patulous  and  may  lead  to  congenital  hernia. 
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CIRCULATORY  DISTURBANCES. 

Active  hjrperemia  jnay  uocur  in  assnciatioii  with  inflam- 
mation, or  in  the  vicinity  of  lesions  witliiii  the*  intestiiu.'  vvliicli 
have  not  yet  occasioned  actual  inHaniniutiuu  of  the  poritoneum 
itself.  The  aftecto*!  part  is  bright  red,  the  arterioles  being  dis- 
tended and  the  endothelium  somewhat  swollen  and  elevated, 

Passive  hyperetnia  is  more  frcfuient.  It  may  be  part  of  a 
genend  venous  congestion,  or  may  result  from  obstruction  of  the 
portal  vein  bv  thrombi>sis,  cirrhosis  of  the  liver,  and  similar  con- 
ditions. The  venules  may  l)e  \videly  dilated,  the  tleeper  layers  of 
the  peritoneum  soniewliat  edematous,  and  the  lining  endothelium 
swollen  and  h)Osenetl.  Intense  passive  congestion  may  lead  to 
ascites  or  to  hetnorrhage. 

Hemorrhage  may  wmir  in  the  form  of  pimctate  extnivasa- 
tions  in  various  septic  and  hemorrhagic  diseases,  and  in  parts 
adjacent  to  intense  inflauimati>rv  lesions,  as  in  the  poritoneura 
covering  the  bowel  near  anthrax-ideerations.  Hemorrhagic 
extravasiitions  may  likewise  he  due  to  intense  jiassive  congestion, 
as  in  death  from  .sutfucation  or  in  obstructions  of  the  portal  circu- 
lation. Certain  forms  of  intoxication,  like  phosphrfrus-poisoning, 
snake-Venom,  or  the  like,  may  rieeasion  petechial  ecchyniosis  or 
large  suffusions;  and  occasionally  hemorrhagic  extravasations  are 
due  t<i  embolic  occlusion  of  the  mesenteric  arteries.  Large 
hemorriiagie  effusions  may  occur  in  the  retr<>]ieritoneal  tissues, 
esjiecially  at  the  root  of  tin*  niesentery,  lii'twcen  the  folds  of  the 
omentum,  or  elsewhere  into  the  sufijieritoneal  cellular  tissues. 
These,  as  well  as  hem<jrrhages  into  the  peritoneal  cavity  itself,  are 
frequently  traumatic  in  origin.  Rupture  of  the  spleen,  of  the 
liver,  of  the  uterus  or  Fallopian  tubes,  or  of  aneurt'sms  or 
superficial  blood-vessels  may  he  the  inunediate  source  of  large 
hemorrhages. 

The  extravasated  bhwd  within  the  ci'lhdar  tissues  undergoes 
gra<hial  absorption,  as  elsewhere,  and  may  leave  ])igitn'nte<l  areas 
and  fibrous  thickening.  The  bloi)d  within  the  cavity  of  the  jM'ri- 
toneum  may  be  directly  absorbed,  or  may  be  gradually  removed 
after  clotting  by  degenerative  processes  and  absorption  through  the 
lynjphatic  channels.  Intlatnniutory  reaction  is  Wiuitiiig  utdess  the 
bliiud-mass  is  infected. 

Dropsy  of  the  peritoneum,  or  ascites,  tiray  occur  as  a 
part  of  a  general  ana.sirca  iti  cardiac  or  renal  disi'asc,  or  may  be 
uue  to  obstruction  of  the  jmrtal  cinnilation,  notably  liy  eirrho.sis 
of  the  liver.  In  these  ca.se.s  ascites  may  be  alwnt  at  first  from 
the  freedom  of  the  collateral  circulation  established  betw(>cn  tiie 
branches  of  the  inferior  and  superior  vena  cava  and  the  peripheral 
radicles  of  the  jMirtal  circidatiuii.  Eventually,  howe\er,  ascites 
Dsues.     In  the  earliest  stages  of  certain  cases  of  intense  acute 
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jicritoniti?  anfl  in  chronic  peritonitis,  especially  tlio  tubeiriiTmN 
form,  when  the  absorption  of  liquid  from  the  i»critonemn  is  dij- 
tiirljfd  by  iK'clusion  ot  the  lymphatics,  the  liquid  effusion  may  liavt; 
a  serous  anrl  not  the  onliniiry  inflanimaton'  character.  Chmnic 
peritonitis  jilays  a  part  in  the  etiol(jgy  of  many  cases  of  as<it« 
ordinarily  reganletl  as  the  result  of  ohstniction  of  the  circulatioD 
alone,  as  in  cases  of  cirrhosis  of  the  liver.  In  such  cases  the 
venous  stasis  may  ficeasion  no  dropsical  exudation  until  a  low- 
eradc  chronic  peritonitis  has  developed,  when  the  memhrane 
becomes  more  permeable  and  etJusiou  results. 

i-Vn  occasional  cause  of  as<'ites  is  obstruction  of  the  thoraeic 
duct  by  nt'\v-j:;n)\vths  of  its  walls,  thromlrosis  within,  or  pres>iir« 
from  the  outside.  The  ascitic  liquid  in  such  cases  frequently  has 
a  chylous  character. 

The  abdomen  in  ascites  is  filled  with  clear  watery  or  yelluwisl 
lirjuid.     (Iclatinoiis  nia.sses  (cfKigulated  serum)  often    form  in  t" 
dejM'udi'tit   parts,  as  in  the   pelvis  and   iliac  fos.sae.      Occasioiiall 
the  ]i(pnd  is  quite  hemorrhagic;  in  other  cases  it  is   milky  fn 
admixture  of  chyle  or  lymph  {rhi/lonn  mwilcM),     The  latter  ea- 
are   d<'pcndent    upon    obstruction    or    rupture    of   the    lympliatii 
chaniM'is.     lu  other  cases,  espt'cially  in  instances  of  endothelioma' 
or  carcinoma  of  the  peritoneum,  the  litiuid  has  a  milky  character 
from  admixture  of  degeuenited  cells  and  fatty  matter.     The  term 
chiiH/onn    imriIrK   is   somctiiues   apj)lii'(l    to   such   cases.     Micpv 
scopically   the   liquid   of  onlinriry   ascites    shows    rc<I    and    white 
bli'od-cor])uscles   and    oceasiimally  a    few  endothelial    cells.      In 
the  heiiiorrhajiic  cases  the  number  of  blmHl-corpuscIes  is  notai 
increased,   wliile    in    chylous   ascites   there   are    fat-tlroplets  a: 
granular  cells. 

Occasionally  collections  of  dropsical  liquid  occur  between  the 
layers  of  the  omentum  {hii'lropn  ommfi). 

Ascites  causes  niori'  or  less  serimis  compression  antl  <li«placp>-i 
meut  of  the  abdonu'iial  organs.  The  respirations  may  be  gnutlj 
embarnts.sed  by  upward  disjila<'pment  of  the  diaphragm,  and  t 
circulation  may  be  obstructed  by  the  pres.sure  of  the  liquid  upon 
the  veins.  Secondary  changes  in  the  peritoneum  are  not  unusual. 
Long-staudiiig  ascites  nearly  always  gives  rise  to  a  certain  amoi 
of  clironic  iuflammation  (fibrous  thickening  of  the  membrane' 
and  terminal  tuberculous  infection  of  the  peritoneum  is 
infrequent.  • 
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INFLAMMATIONS. 


Inflammation  of  the  peritonetim,  or  peritonitis,  is 

most   important  condition  of  this  structure.     Acute  and   chr 
cases  may  be  distinguished.    The  latter,  in  most  instances,  menljf 
represent  terminal  eon<litions  following  acute  forms  of  the  disease 
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Exceptionally,  peritonitis  may  be   a  I'lironic  affection  fnim  the 
beginning. 

Etiology. — Acute  peritonitis  is  probably  always  caused  by 
bacteria  or  bacterial  prwhicts.  It  is  jmssible  to  prfKluce  it  in 
animals  by  injections  of  ehcniical  poisons  into  the  peritoneum,  Init 
it  is  doubtful  if  spontaneous  peritonitis  ever  occurs,  excepting  as 
a  result  of  infection. 

The  bacteria  gain  access  to  the  peritoneiuu  through  the  blootl, 
by  direct  niigr.itii»n  from  the  Fallopian  tubes,  by  inva.sion  tliixingh 
the  walls  of  the  abdominal  vi.scera,  or  by  perforation  of  the  viscera 
or  external  alMloniiniil  walls.  Hematogenic  peritonitis  i.s  some- 
times met  with  in  cases  of  gcnend  septicemia  arnl  pyemia,  as  in 
usteomyelitis  or  malignant  endticarditis,  Imt  such  cases  arc  rare. 
In  these  instances  the  bacteria  may  be  discliargi'd  into  the  peri- 
toneal cavity  from  the  blood,  and  may  thus  cx;oasion  a  direct  or 
primary  pi-ritonitis  ;  more  fretpiently  a  localized  lesion,  such  as  a 
suppunitiiig  infarction,  is  first  produi-cd  and  the  jieritonitis  results 
seconilarily  from  this.  Undoubtedly  bacteria  ai-e  often  set  free  in 
the  peritoneum  in  the  course  of  infections,  but  this  structure  .seems 
to  have  a  high  ilegree  of  resistance,  and  seems  to  Ik*  nosscssoil  of 
special  meaus  of  defcnc<'.  The  expcriujcnts  of  Pfcin'er  with  re- 
gard to  the  mechanism  of  inmiunity  (see  page  207)  may  be  cited 
in  tliis  connection.  IdiojKithic  peritonitis  was  a  term  used  by 
older  authors  to  designate  forms  of  .seemingly  cau.seless  peritonitis, 
tor  such  as  follow  e.\|tosure  to  cold  and  the  like.  At  tlic  present 
time  we  must  regard  these  its  exceptional  instances  of  primary 
hematogenic  peritonitis,  or  more  conirmnily  as  cases  of  secondary 
p-ritonitis  resulting  from  abdominal  infections  that  have  been 
overUx>ke<l. 

Peritonitis  resulting  from  direct  extension  of  infective  pro- 
cesses is  very  common.  A  certain  amount  of  irritation  of  the 
serous  coat  (the  peritoneum)  of  the  abdrmiinal  orgaas  occurs  in 
most  of  the  diseases  of  these  ()rg!Uis,  and  in  the  case  of  certain 
infc<'tioiis  disea.ses  this  may  attain  considenible  intensity.  For 
example,  in  cases  of  ulcers  of  the  intestines  or  straiigulatiorr  of 
a  coil  of  intestine  with  secondar\^  necrosis,  eonsiderablc  |3eritonitis, 
local  an<l  eventually  general,  may  occur  without  [MTforation  of  the 
gut.  In  such  cases  the  bacteria  penetrate  the  walls  of  the  intes- 
tines along  the  lymphatic  channels,  and  thus  reach  the  serous 
covering.  Similar  extensions  are  found  in  diseases  of  the  tubes 
anfl  oviiries,  or  of  the  uterus  in  pueryteral  sepsis. 

Perforative  jK-ritonitis  is  the  most  important  of  the  forms.  It 
may  result  from  perlljration  of  pi.-tric  ulcers  or  cancer,  from  trau- 
matic or  ulcerative  [K.>rioratiotis  of  other  parts  of  the  intestinal 
tract,  from  p'rforation  of  the  appendix  in  acute  appendicitis,  or 
fn)m  rupture  of  diseaswl  Fallo]>ian  ttibes  ;  less  eommonlv  [jcrfora- 
tiion  of  the  other  abdominal  viscera,  or  rupture  r>f  infective  foci. 
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Biicli  as  abscesses  of  the  spleen,  liver,  jiancreas,  ovaries,  or  otW 
structures,  or  jx^netration  ot  the  alxloriieii  fnjni  without  by  stal)- 
wounils  or  disease,  may  lead  to  j)eritoneal  infection. 

Among  the  niicro-organisnis  that  liave  been  dett-cted,  the 
Streptococcus  pi^ogetwn  is  most  imjiortant,  and  is  the  cause  of  the 
severest  forms  of  ncritouitis,  such  iis  those  occurring  Ln  piierjicral 
sepsis.  Occasionally  the  disease  is  due  to  the  Slaji/it/lfjoenu 
}>i/<>f/tiifs,  the  Baei/hn<  co/i  cminniuiis,  the  Jjljtlococcus  pnoimonia 
the  liacillux  of  FrlcttUhnler,  the  (/oiiococcus,  or  other  orgunisnis. 
Tlie  liacillns  coli  is  mainly  oi>erative  in  peritonitis  secondary  to 
intestinal  diseases,  such  as  a])pendicitis.  A'ery  often,  no  doabt, 
peritonitis  is  the  conscquenci'  of  mixed  infection. 

Pathologic  Anatomy. — Localized  and  general  j)eritonitis  may  l**" 
<listliiiMiished. 

Acute  localized  peritonitis  is  seen  in  cases  in  whieh 
bacteria  escajK-  gradually  and  in  small  niunlicrs  tbn»iigh  llit 
walls  of  the  viscera,  or  in  instances  in  which  jK-rforation  tak« 
place  after  the  pniduetion  of  some  exudate  which  si'r\'es  the 
purpose  of  limiting  the  extension  of  the  infection.  I.rfx-ali«>d 
peritonitis  is  most  freijuent  in  the  pelvis  in  a.-^ociation  with 
diseases  of  the  tuljes  or  uterus,  uud  in  the  region  of  the  app<>n- 
dix.  The  ])eritoneum  of  the  area  of  di.sease  first  beconjcs  in- 
tensely injected  (congested)  and  the  normal  lu.«ter  disappmrs  in 
conscfpicnce  of  the  beginning  I'xudation  and  disease  id'  the  lining 
endothelinin.  SulisetpHTitly  the  amount  of  exudate  iucrenses.  It 
nuiy,  first,  be  of  scnnis  ciiaracter,  but  usually  is  largely  fibrinous, 
anfl  the  aninunt  may  Ijc  eunsiderable.  Thus  the  a])|>(.-ndix  is  uot 
rarely  surnuuuled  by  masses  of  fibrinous  exudate  a  <'entinii-ter  or 
two  in  thickness.  The  exudate  may  remain  fibrinous,  but  morr 
frequently  lu'couu-s  tibrinopiiruli-iit  in  the  later  stages  ;  and  in 
CJises  of  [(erfonitive  jieritonitis  lucalized  altscesses  arc  cfimmonlv 
iiii't  with.  Li  such  cases,  if  the  disease  n>mains  well  encapsulated. 
and  t!ie  patient  survives,  the  exudate  may  be  removed  in  si-veral 
ways.  Ver\'  mrely  the  |)us  burrows  towartl  the  exterior  ami  dis- 
charges ;  more  frequently  it  empties  into  the  intestine  or  sonip 
other  hollow  viscus.  It  may  dccnnise  by  grailual  inspi.>isatiou, 
leaving  a  dry,  cheesy  mass,  which  in  rare  instances  finally  be- 
comes calcareous.  Fibrinotis  exudates  in  liK-alized  jmritonitis 
are  Imjuently  absorbed,  and  give  place  to  fibrous-tiBsue  adhe- 
sions. 

Acute  general  peritonitis  may  be  the  immediate  result  of  the 
discharge  of  large  (jtiantities  of  infective  matter  from  a  pt-rfomted 
bowel  or  otlier  organ  ;  or  it  may  occur  si-condarily  to  a  Irx-ali/cfl 
peritonitis  when  the  limiting-wall  i>f  exudation  is  broken  down. 
In  these  cases  the  peritoneal  covering  of  the  intestines,  and  to  a  les« 
extent  the  p.irietiil  (>eritoneinu,  become  congested  and  lusterless, 
as  in  the  localized  form.     Serous  exudation  takes  place,  and  ran}' 
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be  considerahle  in  aiiioimt  in  some  of  the  most  violent  forms  of 
tlie  disease.  Aeute  inflauimiiturv  astiites  is  thus  prtHliiceil.  Usu- 
ally, however,  the  serous  exudation  is  scanty,  and  very  smin  the 
intestines  are  covered  with  Hakes  or  thin  coatings  of  tiliriiious 
exudate  and  are  matted  together.  Subsequently  the  e.\udate 
grows  more  yellowish  from  the  emigration  of  loukoeytes  or  pus- 
cells.  When  adjacent  coils  of  intestine  are  agglutinated  by  the 
exudate  pockets  containing  serous  or  seropurulent  liquid  may  be 
formed  between  them. 

Id  the  mtist  violent  forms  of  peritonitis,  local  or  general,  .such 
as  those  due  to  strangulation  and  gangrene  of  a  (wrt  of  the  bowel, 
or  to  puerperal  sejjsis,  the  exudates  may  rapidly  assume  a  putrid 
character,  and  the  dojxjsit  upon  the  .serous  surface,  as  well  as  tlie 
serosa  itself,  may  undergo  necrotic  change.  In  these  ca.ses  the 
cavity  of  the  peritoneum  contains  more  or  less  ill-smelling  Ijrown- 
ish,  grayish,  or  bhiod-tinged  liquid  exudate,  and  the  affected  areas 
of  the  peritoneum  are  covered  with  greenish  or  hrowni.sh  dejMsits. 

Hemorrhagic  peritonitis  is  sometimes  observed.  It  represents 
no  special  form,  but  merely  indicates  systemic  or  local  conttitions, 
as  a  result  of  whicli  hemorriiagic  extravasation  has  taken  ])lace 
into  the  exudate.  This  is  found  in  the  [K'ritonitis  of  scorbutic 
individuals  or  of  perstms  rednciM.l  in  vitality  liy  other  diseases.  It 
also  occurs  when  passive  congestion  is  associated  with  peritonitis, 
as  in  cases  of  cirrhosis  of  the  liver.  The  peritonitis  accompany- 
ing tuberculosis,  and  csjK'cially  carcinoma  of  the  peritoneum,  may 
present  hemorrhagic  exudate. 

Effects  of  Acute  Peritonitis. — The  disease  of  the  peritoneum  has 
an  immediate  and  profound  elfeet  U[>on  the  intestines,  and  reflexly 
or  in  other  ways  upon  the  general  system.  The  peristalsis  of 
the  liowel  in  the  earlier  stages  is  arrested  by  spasmodic  contrac- 
tion. Very  soon  the  mus<'ulature  is  paraly/.etl  and  more  obstinate 
constipation  results.  The  systemic  elfccts  are  most  strikingly 
evidenced  by  the  intense  sliock  of  the  early  stages.  General 
septicemia  may  be  the  consequence  of  the  infective  conditions  of 
the  peritoneum. 

Chronic  peritonitis  may  be  the  termination  of  an  acute 
peritonitis,  especially  the  localized  form.  In  other  cases  chronic 
inflammatory  thickening  occurs  in  the  peritoneum  adjacent  to  or 
covering  organs  the  seat  of  various  disca.scH.  Thus  in  cirrhosis  of 
the  liver  the  peritoneal  covering  and  the  reflexions  forming  the 
ligaments  may  be  greatly  thickened,  and  similarly  the  peritoneimi 
covering  the  .sple<'n  may  be  involveti  in  consequence  of  chronic 
congesti«)n  or  inflanniiation  of  this  orgtiii. 

Chrfiiiic  jH'ritouitis  following  locjil  aenti'  peritonitis  usually  pre- 
sents its<'lf  in  the  form  of  tilirous  thickenings  or  adhesions,  such  as 
are  so  often  encountered  in  the  pelvis  after  uterine,  tubal,  or  ovarian 
complicated  by  peritonitis,  and  about  the  appendix  after 
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inflaniniations  of  this  Htnu'tiire.  Less  commonly  chronic  perito- 
nitis ia  nu't  with  in  the  form  of  sacculated  effusions.  In  snch  in- 
stances the  ett'iisirm  forme<l  during  the  acute  stape  is  only  partiallv 
absorhed,  and  remains  as  an  inspissatctl  liquid. 

In  other  eases  dense  adhesions  are  formed,  and  oct^asionally  cal- 
careous plates  are  found  in  tlie  thickene<l  periti>DeaJ  covering  of  the 
bowels  or  other  jKirts. 

Chronic  iliHiise  perittmitis  may  result  from  diffuse  acute  {)eri- 
tonitis.  In  such  ciises  there  are  wides})read  adhesions,  and  the  pfri- 
toneuni  is  more  or  less  diH'usely  thickened.  More  or  less  li>|iii(i 
etl'iisiou  may  lie  present,  in  other  instances  diffuse  peritonitis  arij*'S 
in  an  insidious  manner  as  a  chronic  process  from  the  beginning. 
Some  of  these  eases  are  entirely  obscure  in  etiolog}' ;  in  a  few  it  has 
seemeil  probable  that  syphilis  was  an  ctiologic  factor.  The  perit<> 
nenni  is  often  uniforndy  thickened,  but  in  some  cases  presents  small 
no<hdar  lesions,  suggesting  miliary  tubercles.  In  several  instances 
these  nodules,  together  with  the  abundant  serous  effusion  weasion-  ' 
ally  met  with,  have  led  to  the  diagnasis  of  tuberculttus  [jeritonitij. 
Microscopic  examination  of  the  nodules,  however,  shows  a  tibrow 
structure, and  neither  giant-cells  nor  tubercle-bacilli.  Tuberculous 
anti  malignant  jxTttoiiitis  will  be  ciinsidered  below. 

Hyperplastic  Ferihepatitis. — A  few  cases  have  been  oboerved  of  a  re- 

iniirkable  disease  in  vvliieTi  the  up]>or  part  of  the  parietal  peritoneum  and 
the  reflexions  iriveriog  the  liver  and  sf)leen  are  i;rcatly  thickened  and  of 
liensc  sclerotic  charncter.  The  peritoneum  is  sometimes  several  millimcten 
in  thickness,  (ffy  '"■  white,  and  susrirests  the  appearance  of  the  "  icinp  "  of  | 
confectioners.  This  has  led  to  the  term  proposed  by  CurHchmann — Zuehr- 
gutileber.  The  liver  and  spleen  undergo  more  or  less  pressure-atrophy,  aod 
ascites  is  a  frequent  symptom.    The  etiology  is  obscure. 

INFECTIOUS   DISEASES. 


ruTv   instances  affect   the   peritoneum 
which    tubercle-bacilli    penetrate   the 


Tuberculosis  may  in 

prinuirily,   as    in    cases    in 

mucosa  of  the  intestines  and  enter  the  lymphatics  without  causine 
an  intestinal  lesion  ;  or  in  cases  oi"  infection  through  the  Fallopian 
tubes.  Usually  tuberculosis  of  the  peritoneum  is  secondary  to 
tuberculosis  of  .some  abdominal  viscus  or  of  more  distant  organs. 
Thus  among  the  more  freijuent  causes  arc  tuberculosis  of  the  mes- 
enteric or  retroperitoneal  glands  and  tuberctdous  disease  of  the 
tubes  and  ovaries  in  women.  Intestinal  tuberculosis  rarely  lea<Is 
to  more  than  localized  lesions  of  the  stTous  coat  opposite  the  ulcera- 
tions of  the  mucosii.  Pulmonary  tuberculosis  may  occjision  hema- 
togenic infection  of  the  peritoneum.  Simultaneous  tuberculosis  of 
various  serous  membranes,  especially  tiie  pleura  and  peritoneum, 
is  occasionally  observed.  The  source  of  infection  is  often  bidden; 
sfimetimes  the  pleura  is  first  involve<l  and  the  fH-ritoneum  become* 
affected  by  extension  ;  less  commonly  the  reverse  occurs, 
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Pathologic  Auatomy. — Miliary  tiibiTciiIusi.-i  witlioiit  marked  in- 
flammatory changes  may  occur  as  a  gencralizt'cl  peritonwil  affection 
in  acute  or  suhaeiite  general  miliary  tiiljcreulasis.  Local  eruptions 
of  similar  cliiinictcr  are  seen  in  the  pelvic  peritoneum  in  cajws  of 
tubal  or  ovarian  tuboreulosis  ami  upon  the  serosa  of  the  intestines 
adjacent  to  tuberculous  ulcers  of  the  itovvel. 

More  import;int,  from  a  clinical  point  of  view,  are  the  cases  in 
which  inflainmutory  changes  are  associated  with  the  sjK'cific  tuber- 
cle. In  *ome  instances  extensive  adhesions  by  fibrinous  or  fibrf)U8 
prinluctions  are  met  with,  while  the  tubercles  tend  to  agglutinate, 
forming  nmsses  of  consitlerable  size  and  of  cheesy  chunicter.  The 
mesenteric  lymph-glanils  may  be  eoincidcntly  involved,  being  en- 
larged and  caseous.  Ssieculatcd  collections  of  serous  or  sen")pnrn- 
lent  liquid  are  sometimes  observed.  In  another  variety  there  is 
abundant  serous  exudation.  Occa.sionally  the  exudate  is  hemor- 
rhagic. 

Tuberculosis  of  the  peritoneum  sometimes  terminates  in  com- 
plete resolution,  the  peritoncuin  being  left,  somewhat  thickened, 
but  showing  no  otlier  evidences  of  the  previous  disease. 

■  TUMORS. 

Fibromata,  and  lipomata  ;irc  sometimes  met  with  as  small 
noflular  or  pedunculated  outgnnvths  I'rfim  the  subperitoneal  tissues. 

Sarcoma  may  tK'cur  in  the  form  of  diffuse  gelatinous  tumors 
of  angiosarcomatoiB  stnictnre,  or  in  tlie  form  of  rnfloflwlimnata. 
The  latter  variety  occasions  diffuse  thickening,  sometimes  of  con- 
siderable areas,  of  the  peritoucuni,  Srcniultiri/  mrmma  is  some- 
times observed  as  nodules  of  considerable  size  or  as  numerous  mil- 
iary nixlules. 

Carcinoma  of  the  peritoneum  is  usually  secondary.  OrlntP- 
noHS  or  colloid  cancers  of  the  stortiach  and  bowel  (rectum)  fre- 
quently extend  widely  through  the  j)eritoneum,  causing  great 
thickening  and  a  remarkably  gelatinous  growth.  Not  rarely 
rounded  masses  of  pearly  appcanince  arc  observed  (Fig.  74).  In 
rare  instances  tumors  of  the  [vTitoncuni  r)f  the  same  general  char- 
acter seem  to  be  primary,  and  the  reasonable  explanation  has  been 
suggested  that  jmrts  fif  intestinal  tissue,  [liuchcd  off  in  fetal  de- 
velopment, are  the  starting-fK>ints  of  the  growths.  Secondary 
cancer  frequently  appears  in  the  form  of  nodular  tumors  in  asso- 
ciation with  ovarian  cystomata  that  have  become  carcinomatous, 
or  with  fvrimary  cancers  of  the  ovaries  and  other  pelvic  organs. 
Occasionally  widespread  eniption  of  miliary  nodules  is  met  with 
as  a  part  of  acute  carcinomalnmn. 

In  all  forms  of  carcinoma  of  the  peritoneum  inHammatory 
changes  with  intestinal  agglutination  and  adhesion  are  frequent. 
Hemorrhagic  exudation  is  not  luiusual.     In  rare  cases  the  bowels 
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are  so  firmly  fused  by  the  spreading  tumor  and  the  inflanimato' 
exudates  tliat  they  form  a  solid  mass,  whieli  on  section  shows  the 
cavities  of  adjacent  coils  of  intestines  separated  by  more  or  I«« 
uniform  tumor-tissue. 

PARASITES. 

Echinococcus-cysts    occasionally    occupy    the    peritoncM 

cavitv,  and  may  fill  it  almost  completely.  Filarice  have  Ik-wi 
found  in  a  few  instances  ;  and  the  Peutaslomum  derdiculatum  aikl 
Cydicercas  cdluloncB  have  lK;en  reported.  Recently  an  aniclxiid 
organism  (Leydenia  gemmipara)  has  been  discovered  in  the  liquid 
exudate  of  cases  of  ascites. 


I 


CHAPTER    V. 
DISEASES  OF  THE   DUCTLESS  GLANDS. 

THE   THYROID   GLAND. 

Anatomic  Considerations. — The  thyroid  gland  is  a  com- 
pound tubular  gland,  wliicb  iti  fetal  life  communicates  with  thf 
pluirynx  at  tlic  base  of  the  tongue  by  a  duct.  I^ter  the  duct  is 
obliterated,  and  the  ghmd  beeonu's  ductless.  Microscopically 
there  are  found  acini  lint'd  with  pidyhednil  or  cylindrii-al  epi 
thcliuni,  usually  in  a  sinijle  layer.  Tiio  lumen  of  the  acinus 
contains  more  or  less  gelatinous,  or,  as  it  is  usually  called,  colloi' 
material,  which  seems  to  be  a  secretion  of  the  epithelium.  It 
an  albuminate  rich  in  so<lium  ehlorid.  The  vascular  supply  of 
the  gland  is  ver)'  abundant,  the  bhxKl-vesscls  being  numerous  and 
the  anastomoses  very  free.  The  lymjihatic  network  is  equally 
abundant,  and  niuinly  situated  in  the  stroma  of  the  gland  an.iund 
the  acini.  The  larger  lymphatics  are  supplied  with  valves  like 
those  of  the  veins.  Occasionally  colloi<l  material  has  been  found 
in  the  stroma  and  in  the  lymphatics.  The  capsule  of  the  gland  is 
B  fibnuis  covering  from  which  trabeculte  extend  into  the  sulistancc 
of  the  organ. 


is 
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CONGENITAL  DEFECTS. 


Occasionally  one  or  another  part  of  the  gland  is  wanting,  or  in 
rare  instances  the  entire  organ. 

Accessor)'  thyroid  glands  have  Iwen  found  in  various  situations.^ 
Sometimes  small  masses  of  thyroid  tissue  otwur  alongside  of  a  nor-^ 
mal  gland,  either  above  it,  in  the  neck ;  or  below  it,  behind  tlie 
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sternum  and  in  the  anterior  mediastinum.  In  other  cases  the  nor- 
mal thyroid  is  absent,  but  is  re[)resented  by  small  masses  in  the 
situations  named,  or  in  other  parts.  In  a  few  instances  tumors  at 
the  base  of  the  tongue  and  within  the  larynx  and  trachea  have 
been  found  to  be  composed  of  thyroid  tissue. 


DISTURBANCES  OF  CIRCULATION. 


Hyperemia  of  the  thyroid  gland  is  met  with  verj'  frequently. 
It  occurs  in  cases  of  cardiac  failure,  and  in  conacijnence  of  obstruc- 
tion of  the  large  veins  by  mediastinal  tumors,  and  the  like.  In 
these  instances  the  thyroid  may  Iw  considerably  enlarged,  and  htis 
a  soft,  doughy  character.  Slight  enlargement  of  tlie  thyroid  of 
congestive  character  is  found  in  perhaps  a  majority  of  the  cases 
of  chlorosis,  and  may  be  present  in  any  form  of  anemia.  In 
Graves'  disea.se  the  thyroid  may  be  very  vascidar,  an<l  the  enlarge- 
ment of  the  gland  may  be  in  large  part  due  to  dilatation  of  the 
blood-vessels  (see  page  600). 


P  INFLAMMATIONS. 

Acute  inflammation,  or  acute  strumitis,  may  occur  in 
the  course  of  various  itifeetinus  diseases,  notably  tyjihoid  fever. 
Occasionally  it  arises  without  definite  preceding  disease.  The 
gland  enlarges  and  becomes  nither  tefise.  Tlie  termination  is  usu- 
ally in  resolution,  and  this  may  occur  very  rapidly,  suggesting 
that  the  enlargement  of  the  gland  is  due  largely  to  congestion  and 
li(|uid  exudation,  rather  than  to  cellular  (inflammatory)  infiltration. 

Acute  suppurative  strumitis,  or  abscess,  occurs  in  con- 
sequence of  embolism,  in  cases  of  infected  wounds,  endocarditis, 
or  general  pyemia.  Sometimes  the  inflammation  extends  directly 
from  local  di.seases,  such  as  di|)htheria.  The  ab.scess  may  rupture, 
or  may  undergo  secondarj'  changes — inspissation,  calcification. 


STRUMA  OR   QOITER. 

Definition. — Goiter  is  the  name  ap})licd  to  various  enlarge- 
ments i)f  the  thyroid  gland.  It  is  a  clinieid  rather  tlian  a  patho- 
logic term.  Sometimes  a  distinction  is  nutdi'  between  benign  and 
malignant  stnmia,  the  latter  term  including  definite  tumors  of  the 
thymid  gland.  At  the  present  time  the  term  troiter  is  restricted 
to  enlargements  of  a  hyperplastic  character,  which,  though  often 
resembling  tiimors,  cannot  be  definitely  classified  among  the  tu- 
mors f)f  the  gland. 

Etiology. — Goiter  occurs  enderaically  in  certain  situations,  as 

Switzerland  and  other  parts  of  Europe,  and  in  parts  of  Michi- 

EiD  in  this  countr)'.     Sponulically  it  is  met  with   in  all  jHirts  of 
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the  world.  Local  couditions  of  some  kind  are  doiibtleaB  ttBODf  | 
the  f'liniiamental  causes,  hut  the  nature  of  these  condition);  is  hot 
little  known.  The  drinking-water  has  always  been  suspected,  and 
it  seems  likely  that  it  has  some  infliienee,  thoujirh  it  is  certain  thai 
the  magnesium  and  calcium  salts  have  not  the  ini|K)rtancf  for- 
merly ascribed  to  them.  Infectious  causes  have  been  susjiectfi 
and  micro-organisms  have  actually  been  described,  but  no  i«ti>- 
factory  di'monstrations  have  been  made. 

Pathologic  Anatomy. — Two  principal  varieties  may  be  dis- 
tinguished :  the  parenchymatous  and  the  vascular. 


^1-^^ 


Pio.  265.— Colloid  goiter,  sbuwlng  colloid  m>terlal  In  the  dlUted  aclnL 


Farenchymatons  Goiter. — Parenchymatous  goiter  is  a  variety  in 
which  tile  glandular  tiasucs  or  acini   undergo  more  or  1p.s.<  active^ 
hyperplasia.     The   gland    is   gener.illy    unitormly   enlarge«l,  but^ 
Bonietimes  presents  lobular  or  notlular  elevations.     The  ti.ssue  is 
ortlinarily  somewhat  eltwtic,  like  that  of  the  normal  thyroid,  but, 
may  in  other  in.stances  be  verj"  firm.     Occasionally  cystic  fomu 


fia.2fi6.— Parenchnnntoua  nnil  rascular  goiter,  showing  large,  thick-walled  blood-vesteU. 


i 


laterial,  as  is  the  caso  in  the  imrmal  <jhiml.  ftoniptimes,  however, 
;here  is  abundant  proihiction  ui"  cnlKml,  and  the  acini  are  greatly 
listended  ;  the  term  rodo'td  goitrr  iiiav  Ke  applied  in  sueh  in.stanees 
[Fiji;.  265).  In  eertain  eases  the  walls  of  the  aeini  arc  destroyed 
ind  the  colloid  of  adjacent  aeini  rinis  tnjit^ther,  forming  considerable 
jyets.  In  these  instances  the  thyi-oid  consists  of  niitueroiis  cystic 
'xcavatious.  Changes  in  the  interstitial  connective  tissue  of  the 
;land  maybe  comparatively  slight,  but  may  in  other  cases  become 
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conspieiiouB.  The  capsule  of  the  gland  may  he  thickened,  nnd  the 
stroma  may  predominate  over  the  glandukr  elements.  The  term 
fibrous  goiter  has  Ijeen  suggested  for  sueh  cases. 

Vascular  (Joiter. — This  term  is  applied  to  enlargeraents  of  the 
thvntid  glaml  characterized  by  raarki-il  dilatation  of  hlood-vesEeli 
witiiiu  tiie  gland.  The  glandular  tissues  themselves  may  play  iw 
part  in  tlie  pnicess,  or  they  may  present  changes  similar  to  th{« 
descrihetl  luuler  jiarenchymatons  goiter.  The  gland  undergoes 
considerable  and  sometimes  enormous  enlargement,  .ind  m«v  pul- 
sate actively.  This  form  of  goiter  is  met  with  as  the  important 
]iathologic  condition  of  many  cases  of  Graves'  disease  (see  page 

60;}). 

Secondary  Changs. — The  thyroid  frequently  suffers  second- 
ary changes  in  goiter.  The  hyperpla-sia  of  connective  ti&iiie 
between  the  acini  has  been  referred  to.  Sometimes  this  becomes 
so  considerable  that  the  term  fibrous  goiter  is  warranted.  Cystic 
formations  have  also  been  mentioned,  the  cysts  referred  to  result- 
ing from  the  eonfiuent^e  of  the  dilated  acini.  The  contents  in  such 
cases  consist  ol'  rnlloid  material  or  of  more  or  less  serous  or  hemor- 
rliagic  liquid.  Occasionally  cysts  result  from  Iiemorrhage  in  de- 
generated parts  of  the  gland,  with  subsequent  absorption  of  the 
blood,  and  exmlution  of  serous  liquid.  The  contents  iu  such  case* 
may  be  piirily  serous  or  niay  consist  of  brownish  grumous  matter 
containing  abundant  cliolesterin.  Very  rarely  secondary  prolif- 
erative cliangt's  occur  in  the  walls  of  the  cyst,  causing  papilloma- 
tous projections.  Calci(i«itiou  is  a  very  common  terminal  change 
in  degenerated  goiters.  It  may  otTur  in  isolated  areas,  or  may 
cause  a  uniform  hardening  of  the  gland.  Actual  ossification  ha 
bi'iMi  obser\'e<l. 

Mechanical  Effects  of  Goiter. — The  enlarged  gland  prciisrs 
upiiu  the  adjacent  structures  more  or  less  seriously.  The  trachea 
is  most  frequently  compressed  or  dislocated  from  its  median  pooi- 
tion.  Pressure  ujxm  the  large  veins  may  occasion  passive  conges- 
tions and  edema ;  and  less  commonlv  pressure  on  the  carotiil 
artery  may  interfere  willi  the  circulation  of  blnofl  in  the  br.iin. 
The  nerves  in  the  vicinity  (vagus,  recurrent  laryngeal,  and  srm- 
pathetic)  are  likewise  exposed  to  compression. 


INFECTIOUS  DISEASES. 

Tuberculosis  may  occur  in  the  form  of  niiliarj-  tubercle 
as  small  caseous  nodules. 

Syphilis  is  met  with  in  the  form  of  gummata. 
Actinomycosis  is  a  very  rare  disease  of  the  tliyroid  gland. 
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TUMORS  AND  PARASITES. 

Ttunors. — The  term  lualignsmt  stniraa  is  sometimes  applietl  to 
inmora,  and  it  is  dittieiilt  in  certain  eases  to  draw  a  sliarp  line  be- 
tween eertiiiu  gtviters  and  distinet  new-jirowths  (adenomata). 

The  term  adenofiia,  however,  ghould  be  restrieted  to  eases  in 
which  the  proliferation  of  acini  is  more  or  less  atypical,  and  in 
which  the  tninor  is  circumscribed,  nodular,  or  otherivise  distin- 
gnishaV>le  from  the  pre-existing  gland-tissue.  .Sometimes  tumors 
of  the  thyrctid  having  typically  adenomatous  characters  give 
metastasis. 

Carcinoma  may  occur  in  the  form  of  a  nodular,  or  more  diffuse 
tumor.  Meta.stasis  is  I'recjuent  in  cases  of  carcinoma,  but  also 
occurs  in  cases  that  present  the  appearances  of  an  ordinary 
adenoma.  The  bones  are  fri'(|uently  involved  by  metastatic  de- 
posits. Extension  from  the  thyroid  tt>  the  adjacent  organs  is  not 
infrequent. 

Sarcoma  fxcurs  in  several  varieties.  Round-celled  sarcoma 
and  angiosarcoma  are  particularly  malignant. 

•      Secondary  tumom  in  the  thynjid  are  rare. 
Parasites. — Echinococcus-eysta  have  been  met  with,  but  are 
very  rare. 


P  GENERAL  RESULTS  OF  THYROID  DISEASE. 

The  physiology  of  the  gland  has  not  as  yet  been  fidly  deter- 
mined, though  certain  facts  have  become  established.  The  old 
authors  believed  the  gland  to  be  active  as  a  blood-making  organ, 
and  this  is  still  maintained  by  some.  It  is,  however,  unlikely  that 
this  function  is  an  important  one.  The  frequent  association  of 
thyroid  disease  with  curtain  general  conditions  (cretinism  and 
myxeflemal  has  led  to  experiments  upon  animals  that  have  estab- 
lishe<l  certain  important  facts. 

The  immediate  removal,  by  operation,  of  the  entire  thyroid 
gland  causes  severe  nervous  jnanifestations  resembling  those  of 
tetany  followed  by  rajiid  death.  Partial  removal  of  the  gland 
causes  comparatively  trivial  ct»nse(|Ueuces,  but  in  eases  in  which 
total  ablation  has  been  practised,  and  in  which  a  certain  amount 
of  thyniid  influence  has  been  kept  up  by  injections  of  thyroid  ex- 
tract or  the  feeding  of  thy nii<l  gland,  marked  symptoms  have  been 
found  to  develop  after  a  peritnl  of  some  months.  Among  these 
symptoms  are  pallor,  edema  of  the  skin,  gi'neral  weakness,  dis- 
turbances of  growth,  and  alteration  of  the  cerebral  functions 
(intellection,  sensation,  and  motor  power).  This  eomlition  has 
been  termed  cachexia  utrumiprimi,  and  its  res<;mblanee  to  cretin- 
ism and  myxedema  will  be  apparent  from  a  reference  to  the  symp- 
toms of  those  diseases. 


TEST-BOOK  OF  PATnOLOGY. 


Cretinism. — Cretinism  is  a  peculiar  d 


g'rcat  troqrn>ri(*y  in  ctTtaiii  part; 


I 


K?,  occurring  with 
central  Europe,  especially  in 
Switzerland,  and  not  infrequently  in 
other  parts  of  the  world.     TIip  thv- 
ri)i(l   gland    is   .s<^>metinies   atn>phir. 
and  sometimes  goiterous,  but  in  all 
'ii^-cs  diseased.     The  disease  is  not, 
:i^  ,1  rule,  present  at  birth,  but  uso- 
;dly  develops  soon  after  birth  :  aiiJ 
the    parents    may    be    cretinoid  or 
f^oiternus.     Sometimes  healthy  mr- 
ents    have    cretin   children.      The 
cretin  remains  physically  and  men- 
tally imdeveloped  ;    the  subcutaD«- 
rttis  tissue  is  Hal)by,  abundant,  and 
sometimes  distinctly  rnyxe<Jematou« 
I  Fig.  2(i7);  the  i)ead   is  large;  the  ^ 
lips  and  tongue  enormously  thick- ■ 
eued,   and    the    latter  usually  pn>-  ^ 
trudes    from  the  mouth  ;  the  hairs 
iif  the   body    are   little    developed. 
Myxedema. — My.Te<lema  is  a 
disease  that  develops  in  later  life; 
sometimes  after  distinct  diseases  of 
the  thyroid  (goiter,  gumma,  tuniorK, 
etc.),  but  often  without  any  mani- 
Fin.  j.T.-creiin.  It'st     disease    of    thyroid,    thoiiph 

atropliy  and  degenerations  (calrili- 
catii>n)  may  be  tlisclosed  by  tiie  post-mortem  examination.     Tin-re 
is  a  peculiar  swelling  of  the  eyelids  and  of  the  subcutaneous  tissue 
of  the  face  and  neck,  nnd  subsequently  the  .same  change  oi.-cun 
elsewhere,  involving  tlic  limbs  and  the  entire  body.     The  appear- 
ances at  iirst  suggest  cdenui,  but  there  is  not  the  usual  pitting  on 
pressure,  and  the  feeling  conveyed  to  the  hand  is  that  id   an  intii- 
tration  with  some  form  of  gelatinous  tissue.     This  has  been  found 
to  consist  of  a  muein-like  substance,  often  associated  with  increase 
of  the  adi|)ose  tissue  itself.     The  skin  of  the  jxitient  is  pallid  and 
exceedingly  ilry ;  tlie  hair  falls  out,  and  nervous  symptoms  a 
developeil.      Eventually    intelh'ftion    may   be   almost    destn»ye«L' 
The  n'seml)lani'e  tif  these  disi-ases  to  the  symptoms  pnvluced 
by  operative  removal  of  the  thyroid  gland  makes  it  certain  that 
disease  of  the  thyroid  is  the  fundamental  condition   in  cretinis 
and  myxedema.     This  fact  is  still  more  clearly  demonstnite«l  I 
the  numerous  cures  of  these  diseases  following  implantation  ol 
le  peritoneal  cavity,  and  especially  th« 
tissue  or  extracts. 


Graves'  disease  has  been  referred  to  in  connection  with 
joiter.  TliP  oartlitiiil  symptoms  of  this  disease  are  eiihirpcmcut 
of  the  gland,  pal[)ttation  of  the  heart,  exoplulialmos,  and  iiuis- 
cular  tremor.  The  [mthohig-y  of  the  disease  has  iii>t  as  yet 
been  fully  determined.  It  seoms  likely,  however,  from  reoeiit 
investigations  that  the  tliyroid  disease,  from  whatever  oaiisc  it  may 
result,  is  the  primary  di.sonler.  lienioval  of  larf"'  parts  of  the 
gland  has  been  found  to  eontnd  the  symptoms  of  Gmves*  disease 
in  a  large  number  of  eases,  and  the  feeding  of  thyrt)id  extract  for 
a  long  periixJ  of  time  ])rodures  symptoms  like  those  of  Graves' 
di.sease :  rapid  actinn  and  (lalpitation  of  the  heart,  exoplithaUnos, 
and  tremor.  Aeeord'mg  to  the  view  hi-R-  expresseil,  the  .symj)toms 
which  together  constitute  Graves'  disease  are  pmbably  due  to 
overproduction  of  thyroid  secretion  ;  they  are,  in  fact,  the  result 
of  hypertfii/roidmn.  The  opinifai,  however,  is  held  by  others  tliat 
Graves'  disease  is  primarily  an  affection  of  the  nervous  system. 


THE   SUPR.^REN.AL  BODIES. 


I  Anatomic  Considerations. — Tlu'  snpnirenal  bo<lies  are 
mposed  of  a  cortical  and  a  medullary  portion,  and  are  enclosed 
in  a  fibrous  capsule  from  which  septa  extend  into  the  substance. 
The  cortical  ]M(rtion  is  composed  of  aggregations  of  |iolygonal 
cells  wliieb  freipiently  contain  fat-ilrtipk'ts.  Three  layei-s  are 
distinguishable  in  tin-  cortex  :  an  outer  zone,  in  whi<'h  tlic  cells 
are  arranged  in  oval  masses;  a  middle  Kone,  in  which  they  form 
cylindrical  columns  extending  toward  the  medullary  ;  and  an  inner 
zone,  com]wsed  of  irregidarly  aniustemiosing  colimins  of  cells.  The 
cells  of  the  niiddlc  zone  ari'  dicjily  j>igmetited  and  contain  abun- 
dant granular  and  glt»bular  fat.  Tlic  medulla  of  the  gland  consists 
of  similar  jwlygonal  cells  arra!ig:!<l  in  cords  or  irregularly  anasto- 
mosing columns.  Between  these  are  foimd  large  venfius  channels 
and  numerous  non-medullatcd  nerve-fibers,  tog«'ther  with  ganglion- 
cells.  The  fibrous  septa  of  the  gland  contain  bhjod-vessels  and 
lymphatics. 

CONGENITAL  ANOMALIES. 

■     Accessory  suprarenal  bodies  may  be  found  in  the  vicinity 
T)f  the  main  bwly.     Of  peculiar  interest  arc  the  portions  of  supra- 
renal tissue  found  in   the  <'aj>sule  or  cortex  of  the  kidney.     These 
"rests"  may  snbseijuj'utly  proliferate  and  form   tumors  of  the 
kidney  (see  Tumors  oi  the  Kidney). 

Occa.sionally  the  suprarenal  liudies  are  found  in  unusual  situ- 
ions. 


_^e 


DEQENERATIONS. 


Fatty  degeneration    is   normal    in   adults.     It  affects  the 
jrtex,  giving  this  layer  a  yellowish  color.      The  substance  of 
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the  cortex  may  separate  tlirough  the  middle  zone,  firming  a 
cavity  suggesting  a  cyst.  This  is  probably  in  jiart  a  posf-mortom 
pro<hiction. 

Pigmentation  is  obser\-ed  in  the  cells  of  the  medullan*  por- 
tion, i-ipecially  in  jnTsons  of  advanced  age. 

Amyloid  degeneration  occurs  in  connection  with  arayloiJ 
disease  of  otiier  organs.  The  supnirenal  IhkIv  becomes  hard  and 
of  a  grayish,  translucent  ap|)earance.  The  degeneration  affects 
the  walls  of  the  blood-vessels,  fron>  which  it  extends  to  the  con- 
nective tissue.  The  glandidar  jxirtions  suffer  pressure-atropliv. 
The  cortex  is  more  frequently  involved  than  tae  medulla. 


INFECTIOUS  DISEASES. 

Tuberculosis  «)f  the  suprarenal  body  is  the  most  important 
f  ita  diseases.     MUlari/  tnba-cleA  may  l)e  met  with  in  cases  of 

general  tuljerculosis,  but  a  fihroetuttm 
f'onn  of  the  disease  is  more  fix-quent  ami 
of  much  greater  significance.  The  gland 
is  enlargcil,  sometimes  reaching  the  size 
of  an  egg;  it  is  hanl  and  usually  rather 
nodular,  or  irregular  in  outline.  The 
fiipsule  is  thickenetl,  and  the  substance 
of  the  gland  is  compose<l  of  ilri-,  yellow- 
isli  clieesy  matter,  or  of  a  puriforni  mate- 
rial (Fig!  268).  In  the  later  .<;tages  the 
caseous  or  puriform  matter  mav  be  in- 
spissated, aii<l  fibrous-tissue  growth  may 
convert  the  entire  body  into  a  shrivellwj, 
hard  mass  of  connective  tissue.  .Sime- 
tinu'S  one  gland  alone  is  involved  ;  raon? 
fr(((ueutly  the  disease  occurs  bilatcrallv. 
Tulx'rculosis  of  this  fi>rm  may  Ix-  pri- 
mary, but  usually  is  secondary  to  tutxr- 
(•iiiosis  of  the  lungs,  intestines,  or  other 
organs.  The  general  effects  of  thLs  di-*- 
ease  will  be  discusse<l  below  (see  A«Kli- 
son's  Disease). 

S3T)hilis   occurs    in    the   form  of  i 
gtiniinuta.     Uniform  fatty  deffem-ration 
of  the  suprarenal  b<Mly  has  liei'u  met  with  in  congenital  syphilis. 


Fi«.  '.'6B.— rasooui  tul)erinili> 
ftfs  nf  the  flUprBrciial  botly  (Kust 
and  Kump«l). 


CIRCULATORY  DISTURBANCES. 

Hemorrhage  is  comparatively  rare.     It  may  occur  in 
ciation  with  lieinorrhagic  diseases,  or  severe  anemia.s,  cs}»ecially 
leukemia.     Sometimes  it  is  caused  by  traumatism,  or  by  obsiruc- 
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ti(»n  of  the  venous  circuLitiuii.  The  lieiiiiirrlmjrc  iiiiiv  hv  iiicon- 
sitlerable,  or  may  be  qiiiti*  iarge.  In  tlie  hitter  iiistaneei<  seeonil- 
an,'  rupture  of  the  heniatoma  nmy  cause  deatli  hy  intraperitoneal 
hemorrliagc,  or  a  heninrrliaf^ic  evst  may  result, 

INFLAMMATION. 

Inflammation  of  the  fiii[>nirenal  IhmIv  is  very  mre.  A  simple 
atnl  a  iu'iuorriiafrio  fynu  have,  liuwever,  l>een  deseriiietl.  Al)i*tTss 
may  oecur  in  oonsequenee  of  jryeniia,  ur  as  a  seeondary  condition 
following  other  forms  of  supniniial  disease. 

TUMORS. 

Sarcoma  is  the  most  freijueut  form  of  tumor.  Melanotic,  as 
well  :i.s  unpiKnii'tited,  varieties  are  met  witli.  The  tumor  nuiy 
reach  cuiisidcrahle  size,  ami  may  destroy  the  fjlatid  ecitii|)l('tely. 
Adenoma  and  carcinoma  may  arise  fmm  tiie  nils  uf  tlie 
acini.  Histnlofrieally  these  tumors  resenilde  the  normal  jrland  in 
their  stnieture,  and  the  term  adenoma  is  perliajis  more  suilahic 
than  ean-inoma.  The  tuuior  occurs  as  a  n<«lylar,  irregular  (ji'nwth, 
often  of  a  yellowisli  or  hrowuisli  color;  it  rao8t  frequently  arises 
from  the  <-<irfieal  portion  of  the  jrland. 

I  Gliomata  of  tne  su[>nireual  lnHlies  have  been  deseribeil,  but 
it  is  doubtful  whether  these  tuuiors  are  tnie  (.rliomata.  Neuroma 
is  a  rare  form  of  supnirenal  tunu>r. 

L      Secondary  sarcoma  and  carcinoma  an-  u(»t  iidVct^uent. 

F  Tumors  of  the  eortex  of  the  kidiwy,  havinjf  the  stnu'ture  of 
suprarenal  tissue,  are  de.s<Tibed  under  Tumors  of  the  Kidneys. 


I 


GENERAL  EFFECTS  OF  SUPRARENAL  DISEASES. 


The  physiology  of  the  suprarenal  botly  is  still  obscure.     It  is 
quite  generally  believed,  however,  that  this  jrland  hohls  souie  rela- 
tion   to  pigment-fortnation,  as   well    jis   ht   the   cireulatiitn,  either 
^■tlirou^h  the  action  of  substances  elabonited  wilhin  the  ^iand  or 
^■through  the  nervous  system.     Tlie  last  is  sugfjjest<'d  by  the  abun- 
dance of  nervous  tissue  in  the  f^land. 

Addison's  disease,  in  wliieh  f5broca.seous  tuliereulosis  of  the 
supnirenal  IxkHcs  is  comiimniy  pn's«'nt,  is  an  atl'ectinn  chanicter- 
ize<l  In'  l»rowuisli  pi;:ii)etitation  of  the  skin  of  ex|>oseil  parts  of  the 
body  (face,  ne<'k,  and  liauds),  and  of  the  skin  in  tlu'  flexures  of 
the  joints,  or  in  other  parts  s»bjecl<'d  to  pressure.  The  pigmenta- 
tion usually  occurs  in  a  mottled  form  at  lirst,  but  Sfxm  becomes 
uniform.  Brownish  or  purplish  spots  upon  the  miieoiis  mem- 
branes (mouth)  are  not  unusual.  Besides  pittmcntation  the  char- 
acteristic symptoms  are  great  weakness,  di.sturbances  of  the  stom- 
^uch  (vomiting),  and  cardiovascular  a.sthenia. 
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TEXt-BUOK  UF  PATHOLOOY. 


Though  Hbrooaseous  tuberculosis  of  the  suprarenal  gland  is 
discovind  in  many  cases,  Ail<li«jn's  disease  may  occur  in  associa- 
tion with  otht-r  iift'ections  of  the  suprarenal,  such  as  tumors;  and 
it  may  be  absunt  ilespitc  the  existence  of  tuberculosis  or  of  otlii-r 
diseases  of  both  of  the  glands.  The  absence  of  Addison's  dis- 
ease in  the  latter  cases  has  been  explainefl  by  some  writers  by  the 
assumption  that  the  suprarenal  disease  had  not  existed  long  enough 
for  tlie  ilevelopment  ol  the  symptoms  of  Addison's  disease.  Ocia- 
sionally  attenitions  in  the  sympatiietic  nervous  system  (semilunar 
ganglia  and  solar  plexus)  have  been  discovered  when  the  supni- 
rcnal  glands  were  apparently  normal.  No  explanation  of  such 
cases  can  be  made.  It  must  be  accepted  at  the  present  time  that 
the  supran-nal  bodies  are  in  some  way  concerned  in  the  etiolo^ 
of  the  disease.  The  disease  of  the  gland  need  not,  however,  he 
of  any  special  sort. 


i 


CHAPTER  VTT. 
DISEASES  OF  THE  URINARY  ORGANS. 


THE    KIDNEYS. 


CONGENITAL  ANOMALIES. 

Absence  of  one  of  the  ki<lneys  is  frequently  observed.  Occa- 
sionally one  kidney,  instead  of  being  completely  absent,  is  atrophic 
or  liy}X)plastic.  The  o|>[)ositc  kidney  may  undergo  compensatory 
hypertrophy.  Both  kidneys  may  be  wanting  in  certain  monstros- 
ities. 

Congenital  lobulation  is  quite  common,  and  is  usually  bilateral. 
The  kidney  is  <livide<l  into  separate  lobes  by  furrows  of  varinhl'" 
depth.  Occasionally  there  is  almost  complete  separation  into 
numerous  lobules. 

A  few  instances  have  been  observed  in  which  there  was  a 
third  kidney,  and  usually  in  these  cases  two  of  the  kidneys  lying 
to  one  side  of  the  spinal  colunm  were  agglutinated. 

Fusion  of  tlie  two  kidneys  may  ot^eur,  and  there  may  result  a 
■single  large  orgsui.  with  a  double  pelvis  and  un'ter  lying  to  one  or 
rmnhoc-kidneu  may  be  formed.    In  the  latter 
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two  orcans,  which  are  gonerally  displaced  far  downward,  are 
united  at  tlieir  lower  end^  \>y  a  fdinriiissurf  passiii^^  ui.Tot;;!  the 
spine  just  abi>\'e  the  liinihosacral  juiietiuii.  Tlie  eonimiirsure  may 
consist  of  normal  kidney -tissue,  or  may  he  Hhrous ;  more  com- 
monly the  former. 

Congenital  cysts  anil  other  congenital  diseases  will  be  referred 
to  below. 

P  CHANGES  OF  POSITION. 

Congenital  Malposition. — Not  nirc-ly  one  of  the  kidneys  is 
di.splaced  diiwnward.  It  nuiy  even  oeeiipv  the  ju'lvis.  In  other 
ca-ses  it  is  di.~])hicril  latendly  or  furwani,  and  may  he  found  imme- 
diately hrjieath  the  anterior  abdominal  walls. 

Acquired  malpositions  may  result  fmm  pressure  upon  ihe 
organ,  or  from  elongation  of  the  peritrmeal  reflections  covering  the 
kidney  and  absorption  of  the  perirenal  fat.  The  right  kidney  is 
more  frefjtiently  displaee<l  tluin  the  left,  and  the  condition  is  espe- 
cially common  in  women.  Kcpcated  pregnancies,  the  effects  of 
tight  lacing,  and  diseases  or  disphiceriK'nt  of  the  liver  aiv  prom- 
inent cjiuses.  Movahility  or  displa<'enient  of  the  kidney  may  he 
but  a  part  of  a  general  visceral  descent  (uphtiichnoptoxis). 

Several  grades  of  movahility  or  displacement  may  be  dis- 
tinguished. In  the  first,  the  perirenal  fill  is  wanting,  and  the 
kiiiney  is  more  movable  beneath  its  periffineal  covering  than  is 
niirmal.  This  wcurs  in  a  large  projiortion  of  women,  and  usu- 
ally atfeets  the  riglit  kiihiey.  In  more  advanced  grades  the 
peritoneal  reflection  covering  the  kidney  is  elongated  and  con- 
siderable movability  of  the  organ  within  the  abdomen  residts. 
Tlie  kidnev  may  he  moved  from  side  to  side,  downward  as  far  as 
the  jx'lvis  in  some  eases,  or  ufiwarfl  tothcuornud  jwisilionor  under 
the  rilis.  In  a  thirti  group  of  cases  the  kidney,  lying  witliin  an 
elongated  peritoneal  pouch,  is  retained  in  an  abnormal  position 
by  adhesions. 

Restilta. — Twisting  of  the  pedicle  may  lead  to  serious  circula- 
tor)- disturbances,  and  twisting  of  the  ureter  to  retention  of  urine, 
sometimes  causing  hydronejihrosis.  PressLire  of  the  displaced 
riglit  kidney  ujmn  the  duodenum  may  lead  to  dilatation  of  the 
stomach. 

CIRCULATORY  OrSTURBANCES. 

Anemia  of  the  kidney  may  occur  as  a  part  of  general  anemia. 
The  kidney  is  light  in  color  and  rather  hard  in  the  earlier  stages; 
but  if  the  anemia  persists  degenerative  softening  and  enlargement 
may  ensue. 

Complete  arrest  of  the  blocHl-supply,  imtdnced  experimentally, 
leads  to  rapid  necrosis  of  the  kidney,  the  organ  becoming  ashen- 
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gray  in  color  ami  tif  a  homogeneous  structure,  so  that  the  sc-paralt 
parts  (cortex,  medulla,  pyniini<ls)  are  indistinguishable.  Near  iIh- 
cortex,  where  some  oireiilation  is  niaiiiUiined  bv  the  capsular  ves- 
sels, fattv  degi'ner.ition  is  ubserved.  S)mewliat  similar  cliange? 
are  met  with  in  eiriMim.scrilied  areiis  in  diseases  in  which  the  circu- 
lation in  bnineiii'.sd}' the  renal  arterj'  is  obstructed  (see  Embolism). 

Active  hyperemia  of  the  kidney  is  generally  a  part  of  acute 
inHammution.       It  may  result  from   irrit;»nt  chemical  prisons  or  ■ 
from  the  t<jxic  action  of  infectious  jwisoris.     The  kidney  is  eo- 
lar«Tt.'(l,  dark  red  in  color,  and  on  section  the  cortical  substance  i< 
foinid  ti>  i)e  swollen  and  marked  l>y  dark-red  pjiiits — the  Mai-      i 
pighian  boilies.     Sometimes  (lunetat*  or  linear  hemorrhages  may  fl 
be  observed.     The   urine  is  somewhat  albuminous,  and   hyaline  ^ 
ciists  occur.     It   is  difKeult  to  draw  a   sharp   line   between  tliis 
condition  and  a<'ute  ne|>hritis. 

Passive  hyperemia  occurs  in  cardiac  and  pulmonar\-  disease? 
whicli  impede  tlie  circulation,  or  rarely  as  a  consetjuence  of  ilimm- 
bosis  of  the  inferior  vena  cava  or  renal  veias,  or  of  other  local! 
causes  obstructing  the  circulation  in  the  renal  veins.  The  kidwy  j 
is  enlarged  and  on  section  the  cortex  is  found  to  be  swollen,  the 
substance  of  the  kidney  dark  red  in  color,  jiarticularlv  in  the 
pyramids  in  the  vicinity  of  the  large  veins.  The  Malpighian 
bodies  may  be  distinctly  enlargetl  and  dark  red. 

Liong-staniling  jwissive  congestion  leads  to  rttactivc  hyjierplasii  ] 
of  the  int^'rstitiai  connective  tissue  of  the  organ,  and  thus  to  a 
form  of  Hcr.oiulorif  inlvrytitittt  nfphritiji.     In  these  cases  the  kidney  i 
becomes  contractetl,  the  surface  somewhat  irrcgidar,  anti  the  c:i[v 
sule  ofttimes  adherent.     Tlie  orgiin  may  l)c  intensely  hart!  and  pig- 
mented, and  the  term  i->jti»i>(ic  iiiihtrxlioit  is  appropriate. 

Tlie  urine  in  jjiussive  hyperemia  is,  as  a  rule,  deticient  io 
quantity,  and  contains  variaVde  quantities  of  albumin  and  hyaline 
or  granular  tube-casts.  ^m 

Hemorrhage. — Pnnrlalc  hemorrhage*  may  occur  in  cases  of  ^^ 
intense  active  or  passive   hyperemia,  the  extravasi\tion  of  blwxl 
occurring  in  the  interstitial  tissues,  in  the  urinifen;>us  tubules,  or 
within  the  capsule  of  Bowman.     Similar  hemorrhiige.s  may  be  ob-J 
served  in  acute  or  chronic  nephritis.     In  these  ea.ses  the  e.\trava-| 
satiim  of  blood  may  occur  by  diapedesis  or  by  actual  rupture  of  I 
the  ea[)illartes.     Small   hemorrhages  may  occur  in  the  jH-riremJl 
tissues  in  certain  of  the  liemorrliagie  diseases.     Lartfc  hnnorrhnijrt]^ 
occur  within  the  kidney-substance  only  in  cases  of  traumatism. 

l^dema  of  the  kidney  results  from  obstruction  of  its  venoM^ 
circulation.    The  kidney  becomes  enlarged  and  soft,  and  the  spaces 
between  th(M'onvoluted  tubules  (the  primary  lymphati<'  spaces)  are 
distinctly  enlarged.     There  is  as8«H:iated  congestion  in  the.se  cases. 
Simple  edema  of  the  kidney  may  result  from  obstruction  of 
urinary  outflow. 


oils  clep<isits  upon  the  nllicruTiui- 
toiis  areas.  The  liltMni-ves.scls  of 
the  kiduey  corrcspoml  closfly  to 
Jtlie  conception  of  tiTiuiiial  arteries, 
and  infarction  is  thiTcforc  the  usual 
result.  In  most  cases  the  infan-t.s 
are  lij^lit-culored  ureas  (ainTnii'  in- 
farcts) havintt  a  \ved«;e  sliape,  the 
base  of  the  wedge  l)einfi  din-cted 
toward  the  capsule  of  the  orir-an. 
A  zone  of  reactive  hyperemia  or 
hemorrhage  nsiially  scpanites  the 
infarct  from  tlie  siirroniidiug  struct- 
ures (Fig.  269).  Less  frcijuetitly 
there  are  purely  lieniorrhagic  in- 
farcts, the  entire  area  beingdnrk  red 
in  color.  Minute  emlioli  may  lead 
merely  to  ))iin(rtati*  heiimrrliages 
within  the  kidney,  or  tueci'hyinotic 
extravasjitions  i>n  the  surface. 

The  white  nr  anemic  infarcts 
undergo  gra<Iual  necnisis  and  ab- 
sorption, with  cicatrization  or  encapsulation,  the  contents  in  the 
latter  ca.se  remaining  as  a  dry  detritus.  The  hemorrhagic  infarcts 
mon-  commonlv  soften,  and  Hnally  terminate  in  cicatrization  or  in 
tile  formation  of  small  cysts.  In  eases  of  infi'ctive  embolism  the 
anemic  or  lientorrhagic  infarct  may  rapidly  break  down  and  form 


Fit).    L"!!'.!.  — .Vnt'tnli-    tnfaiTts   of  the 
kithiey  Hiirroiigi<ltMl  by  a  zoiiu  nf  hcmor- 

rhnutr  iiitillmtioii  iKuuftiiniin). 


INFLAMMATIONS. 


Inflammation  of  the  kidneys  may  att'eet  the  substance  {vrphri- 
ti«),  the  mucous  membnine  nt"  the  jKdvi«  (pyeUtig),  or  the  capsule 
and  peripheral  portions  (pirhwphriih). 


I 


NEPHRITIS. 


Nephritis  is  the  term  given  to  a  luimber  of  forms  of  degen- 
ersition  and  inflammation  of  the  sulistanee  of  the  kidney.  The 
term  Bright's  dis<'a.*e  is  a  clinical  rather  tliau  jiathologic  one,  being 
applic'l  to  various  kinds  of  kidney-itisease  attended  with  albtmiin- 
uria  and  drop.sy.  As  a  rule,  however,  the  name  Bright's  disease 
and  nephriti.s  are  used  synonymously. 
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Nephritis  may  bo  acute  nr  chronic  ;   and  jiarenchyinatoiis,  dif. 
fuse,  i>r  interstitial.     The  U'rm  jt'irnwhymtitoiiM  is  applieil  to  casrs 
in  wliieli  ilegenenitive  changes  in  the  epitlieliiini  «>f  the  tiibuli-s  or 
gtomenili  arc  the  most  conspicuous  feature  ;    the  terra  iliffiuf  » 
apph'ed  when  exudative  or  pmliterativc  changes  affecting  the  con- 
nective tissues  between  tlic  tulnik's  au<l  aronntl  the  glnmi'nili  iml 
blood-vessels  are  asso<'iated  in  more  or  less  i-tpial  proportions  with  I 
thi-  |i:ircnchymatons  cl):uiijes  ;  and  the  t«'rm  liitfT'iifint  iiejjiiriliji  ii\ 
used  ill  cases  in  which  exudative  and  especially  proliferative  chiuig<ii J 
arc  alone  conspicuous. 

Etiology. — Xcpliritis  is  due  in  the  majority  of  cases  to  irritann 
which  reach  the  kiihiey  through  the  circulation.      Intense  ai'iitel 
nephritis  may   result   from   various  poisons,  }>!irticidarly  sucji  mI 
attack  the  pareucliyma  of  organs,  and  are,  therefore,  knowu  asi 
piirenchyma-|*oisons.     Among  these  arsenic,  mercury,  |>hosphonis,j 
cuntharides,  and  turpentine  are  conspicuous.     A  second  gJDup  of^ 
cases,  and  perhaps  the  largest  of  all,  owe  their  origin  to  infection 
of  various  kinds,     Ncpiiritis  is  a  eoinuion  complication  or  st-qm.^l 
of  scarlet  fever,  cholera,  septicemia,  di|)iitheria,  and  many  nth<TJ 
infectious  diseases.      In    these   eases   the  micro-organisms  tlii'm-l 
selves  may  reach  the  kidney  through  the  circulation,  as  in  tyjilioidj 
fever,  anthrax,  or  pneumonia,  or  the  renal  irritation  may  Ix-  caii.«i'dij 
l>v  the  toxins,  as  in  eholeni  and  diphtheria.     Sometimes  infiK-tiotuI 
nephritis  is  (Tyi)togcnetic,  the  [lortal  of  entrance  of  the  mien^J 
orgixuisms  being  entirely   obscure.       In    such   cas<'S    streptoc<m,i 
particularly,  are  operative.      Certain    chronic    infections   lead  to' 
nephritis  by  the  action  of  tlie  toxins  or  by  slow  nutritive  disturb- 
ances.     8uch  is  the  case  in  syphilis,  tuberculosis,  and  malaria. 
Autointoxication  occasions  certain  cases,  as  in  the  nephritis  nf 
gout  antl   lithemia. 

In  a  small  proportion  of  the  cases  nephritis  results  from  ini- 
tauts  reaching  the  kidney  through  other  channels  than  the  cin'ii- 
lation,  as  in  pyelonephritis,  a  condition  con.<equent  npon  infliiin- 
matory  processes  ascending  from  the  bladder  and  ureters,  or  as  inj 
nephritis  secondary  to  extrarenal  disease  (pso:is  ab.sccss). 

Low-grade  renal  inHauimation  may  result  from  chrrmic  conp*! 
tion  of  the  kidneys  in  conserpience  of  ciirdiac  and  pulmonary'  (lis- 
ea.«e.     In  certain  cases  also  it  is  likely  that  arterial  di.<ejL<e  affect- 
ing the  renal  arteries  in  common  with  other  arteries  of  the  Nxly 
may  initiate  renal  changes  eventuating  in  a  chronic  interntitial  forra^ 
of  nephritis.  H 

Pathologic  Anatomy, — In  considering  the  morbid  anatomy  th* 
terms    jwirenehymatous   and   interstitial  are  preserved,  with   tiii' 
understan<ling  that   they  are  not   strictly  applicable  to  any  givraJ 
case.     Pun?  parenchymatous  inflammation  d<x'S  not  exist,  nnr  (1'k*! 
interstitial  nephritis  occur  without  any  parenchymatous  cliang 
Diffuse  nephritis  is  considered  under  the  heading  (Mtrenchymatnutl 
nephritis. 


I 


DISEASES  OF  THE   URiyARY  OROAm 


Mf 


Acute  Parenchymatous  Nephritis;    Acute  Bright's  Disease. 

This  results  most  frequently  fnnii  infections  fevers  and  toxic 
^^nts.  It  is  nmro  coinnmu  in  v<nititr  |"^rsunsi  tlian  in  the  old. 
■^  Acute  Degenerative  Nephritis. — Tlic  process  in  this 
condition  may  \>f  almost  purely  pareiieiiymatruis  in  njitnre,  and 
more  nearly  allied  to  pure  de;;eneniti(>u  than  to  intlamma- 
tion.  The  epitlieliuni  of  the  luhules,  especially  in  the  convo- 
luted pf>rtions,  and  to  a  certain  extent  also  tliut  coverinj^ 
the  glomeruli,  is  swollen,  cloudy,  and  eousider;ddy  desipm- 
uiated.  Hinii;rated  leukiM-ytes,  and  4)eeasi<inally  red  eorpuseles, 
are  fountl  within  the  tuhules  ami  the  capsule  of  the  Malpijrhian 
bodies.  The  term  anih'  cdtniTlitif  or  tlcM/ttdwrilire  rtej/fii'itiK  is 
more  or  loss  aptiropriate  in  such  cases.  The  kidney  is  enlarfjed, 
s<'»mewhat  swollen,  and  gcnendly  rather  pale  in  color.  The 
chanpes  arc  most  marked  in  the  cortex,  which  is  thicker  than 
mirmal,  and  l>y  its  lif;ht  color  contni.sts  strongly  with  the  pyni- 
mids.  The  capsule  strips  easily.  In  most  cases  the  afl'eetion  is 
one  of  slight  severity. 

Acute  Glomerulonephritis. — In  another  group  of  cases, 
occurring  most  commoidy  in  scarlet  fever,  tiic  glomendi  an? 
primarily  attacked  and  most  severely  atleeted  thnjughout  the 
disease.  Such  cases  are  designateil  glitmernlowj)lirH'i.t.  The  epi- 
thelium of  liownian's  capsule  may  or  may  not  lie  involve*! ;  wlieu 
it  is,  the  cells  are  swollen  and  show  hyaline  change,  and  the  cap- 


FIO.  270.— Acute  KlonMrrulonephrltfs  :  <t,  ranrular  Inns  Iti  tlir  MnlplKhinn  hoilies,  lur- 
rounded  by  Blbuxaioous  exudate  and  pruhforatcd  cap«ulur  i/plUuMfum. 

sular  space  contains  an  albuminous  exudate.  The  Malpighian  tuft 
is  chiefly  attacked  ;  it  is  usually  enlarged,  and  in  the  early  stages 
shows  an  increase  of  cells.  This  increase  of  cells  may  Ik;  so  great 
as  to  completely  ohscure  the  capillaries.  In  the  later  stages  the 
walls  of  the  capillaries  are  thickened,  the  lobulation  of  the  tuft  is 
more  distinct,  and  hyaline  masses  may  be  seen  iu  some  of  the 
lobules.  The  increase  of  the  cells  is  chiefly  due  to  (iroiifemtiou 
of  the  vascular  endothelium  ;  Iniwever,  jiolymorphouuclear  leuko- 
cytes and  lymphocytes  may  be  jiresent.     Distinct  hemorrhages  into 
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the  capsular  space  and  necrosis  of  the  cells  of  the  capsule  anJ  of 
the  tuft  .sometimes  occur. 

Acute  dtfiuse  nephritis  is  the  ordinan-  form  of  aiiiii; 
Bright's  disease,  and  is  the  form  in  which  either  of  the  two  pns 
ceding  are  prone  to  terminate.  The  kidney  is  enlarged,  and  aoroe- 
tinies  congeste<l  and  red  in  color ;  at  other  times  it  is  light-onlonJ 
or  even  yellowish  in  consequence  of  the  epithelial  degeneration  and 
the  anemia  eaused  by  pressure  due  to  tlie  epithelial  swelling.  On 
Bection  the  cortex  is  much  increased  in  widtli.and  when  congwliun 
exists  it  is  more  or  less  mottled,  showing  spots  or  streaks  «if  re«l(ii.4 
color,  the  intervening  {xirtions  of  the  suljstance  being  grayish  or ' 
yellowish  in  hue.  In  other  eases  the  entire  cortical  Mubstuuct' ii  I 
uniformly  gray  or  ye!li>w.  Tlie  latter  appeuraiiee  is  prone  to  iwrur 
in  cases  of  considerable  dunition.  In  intense  acute  cas^-s  then-  nuiT 
be  pimctate  or  linear  hemorrhages,  espt-cially  towanl  the  siirfact 
of  the  orgsm,  and  the  entire  org-.ui  may  be  of  a  dark-red  e^jlor.  In 
all  tsises  the  capsule  strips  easily  from  the  underlying  substancf. 

Microscopically  the  changes  are   most  varied.     In  all  casw 
there  is  more  or  less  degeneration  of  the  epithelium  of  the  con- 
voluted tubules  and  of  that  in  the  Mulnighiun   l>odics.     In  tliei 
earlier  stages  the  cells  become  swollen  and  granular  (cloudy  sTrvll-l 
ing),  while  in  advanced  stages  they  may  be  filled  with  gniuultt] 
or   droplets   of  fat   (fatty    degeneration).      On   the  other  hand, 
cases  of  great  intensity  may  be  marked  from  the  \^t\  first  bv 
cNimpletc  necrosis  of  the  epithelial  cells.     Similar  changes  may  M 
be  met  with  in  the  epitlieiium  of  the  Malpighian  bodies,  and  the  V 
latter  may  be  converte<l  into  granular  raas.ses  in  which  the  capil- 
lary tufts  are  more  or  less  obscuretl.     Associated  with  these  puri'Iv 
parenchymatous  changes  are  found  evidences  of  interstitial  involve- 
ment in  the  presence  of  masses  of  roimd  cells  between  the  tubules 
and  in  the  vicinity  of  the  Malpighian  bwlies.     Active  proliferation 
of  the  connective  tissues  is  also  observed,  though  less  markc<ll_v,  in 
the  same  situations.     Certain  cases  are  distinguished  by  their  spe- 
cial tendency  to  hemorrhagic  extravasations  into  and  around  the 
tubules  and  into  the  Malpighian  bodies.     To  such  the  name  acnti 
hemorrhagic  nephritiji  is  sometimes  applied.     This  variety  is  espe- 
cially common  in  intense  septic   or  infectious  cases,  parti<ul.irl_T 
such  as  are  attended  with  minute  embolism  of  the  renal  arteriolts. 


Acute   Interstitial    Nephritis. 

Acute  interstitial  nephritis,  non-suppurative  in  character, 
may  occur  during  the  course  of  an  infectious  disease.  The  kidiKTl 
is  of  a  grayish  opaque  color,  usually  mottled  with  irregular  hvper- 
emic  areas.  On  section  the  normal  markings  are  somewlint  ob-| 
litcrated,  and  the  contrast  between  the  cortex  and  the  pynuitiils ' 
is  less  marked.  The  interstitial  change  may  be  difluse  or  in  area* ' 
only.    It  is  usually  most  marke<I  at  the  juncture  of  the  cortex  anJ 


merlnlla,  in  the  region  of  n  crloniovulus  or  flirectly  under  the  eap- 
snle.  The  bloiKi-vesseis  of  the  kidney  are  always  involved.  The 
Cflls  found  in  these  areas  lire  pro! iterating  eoiniective-tissue  cells, 
pjilymorphonnclear  lenkoevtes,  Ivrnphfieytes,  or  plasma-eells. 

I)<'oreiu'ration  of  the  epithelial  eells  in  the  neighborinjr  tnbules 
may  or  may  not  lie  jiresent. 

Suppurative  nephritis  may  result  from  metastatic  involve- 
ment of  till-  kidneys  in  ea.s*'H  of  general  septieopycniia,  from  aseend- 
in<r  inflaiuniation  iu  asso<'iation  with  pyeliti.s,  or  from  involvement 
of  the  kidney  in  eases  of  suppurative  disease  in  the  vicinity. 

Embolic  anppurative  nephritis  is  ehanietoriKed  liy  the  formation 
of  small  foci  of  sujipiiration  in  tlir  j-nhstanee  of  the  organ,  esj>e- 
cially  toward  the  piriphcry.  Tiii'sc  may  oeeur  as  miTc  points  of 
yellowish  color,  or  they  may  he  surrounded  hy  a  eonsiderahlc  zone 
of  hemcrrhagie  infiltration.  The  surface  of  the  organ  may  be 
stinldwl  with  small  eh'vated  points,  and  as  the  process  advances 
larger  foci  may  form  by  eonflui'ncc  Mirrosropicaily  the  t-tianges 
are  fbnn<l  esjieeially  in  the  vicinity  of  the  JIalpigliiau  bodies. 
Small  <"apillaries  are  eoniriroidy  foiiiul  more  or  less  obstructed  with 
enil)olip  plugs.  Hemorrhagic  extnivasation  is  usually  marked, 
an<l  the  aceumnhui<ins  of  leukiK'ytes  leading  to  su])]iunition  are  the 
characteristic  feature.  Degenerative  changes  arc  seen  in  the  epi- 
theliimi  of  the  vicinity,  and,  if  the  case  has  jK-rsisted  for  a  certain 
length  of  time,  the  parenehymntous  cliangcs  may  be  (piite  extensive. 
In  certain  infections  fevers  micro->trg!inisms  eseaj)e  from  the 
Jocxi  through  the  kidneys  (pnenmonia,  typhoid  fever,  anthrax). 


Fso.  271.— Pyelonephritis,  showing  lines  of  ascendlngauppunUon  (Xaufknann). 

In  such  cases  it  is  possible  that  the  bacteria  which  have  been  ex- 
creted mav  cause  inflection  in  the  loAvr-r  parts  of  the  tiriniferoiis 
tubules.     The  occurrence  of  such  ncjdiritis  is  uncertain. 

fcSuppnl•(lf!rt•  pi/rhtn-jihrilii'  occurs  in  eases  of  suppurative  pye- 
tis,  espeeially  in  consetjuence  of  impaction  of  calculi  in  the  peKns. 
In  the  earlier  stagf?s  small  linear  areas  of  light  color  are  seen  in 
the  pyramids  and  medulla,  and  microseojiically  these  are  found  to 
l>e  iiriniferous  tubules  infiltruted  with  jius-cells  (Fig.  271).    In  the 
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later  stapes  these  mnv  run  toiretlu-r,  fr>rminp  j)iirulenl  eollwtiinis 
of  lonsideraWc  size.  Tlie  outer  portions  of  the  medulla  and  tbc 
cortex  are  only  secondarily  involved,  and  the  .suppurative  srw? 
here  as.sumc  a  more  rounded  shape.  Pyelonephritis  may  tenuinstt 
by  rupture  ol"  the  ahsce.ssi's  into  the  pelvis  of  the  kidney  and  tk 
disehiirge  of  the  pus  with  the  urine;  by  rupture  on  the  surfaitof 
the  kidney,  causing;  jK-rint'pIiritie  abseess ;  or  by  iu.spLss:iliii(i  and 
caleareous  intiltruti(»u  of  the  eontents  of  the  abscess.  Wiu^n  dis- 
charj^e  has  taken  plaee,  or  when  iuspissatiou  occurs,  induration  and 
cteatriziitiou  of  the  diseased  areas  result.  A  considerable  imrtion 
of  the  kidney  may  Ik:  thu.s  converted  into  scar-ti.«.sue. 

Suppurative  nephritis,  follo\vinij;  suppuration  around  the  kidney, 
leads  to  the  formation  of  supcrticial  abscesses  aud  crufiioDs. 

CHRONIC  NEPHRITIS. 

Chrrmic  nephritis  presents  itself  in  varieties  allied  to  the  acute 
forms,  and  we  may  distinguish  ehronic  parenchymatous  and 
chronic  interstitial  nephritis.  The  former  is  practically  alwsy-ia 
iliifuse  pmeess,  presentiiijx  no  such  limitations  to  the  epithtlium 
of  the  tubules  or  to  the  filomeruli  as  are  witnessed  in  tlie  ai'uii; 
disease.  Chronic  interstitial  nephritis  is  charucterizetl  tnaialy  br  I 
hyperplasia  of  the  connective  tissue. 


i 


CHRONIC  PARENCHYMATOUS  NEPHRITIS. 

Chronic  jMreiichymatous  n<idn-itis  in  most  cases  n-sults  fmm 
acute  attacks  which  have  l)eeouie  chronic  bv  continuation  or  repe- 
tition. It  occurs  after  various  infectious  diseases,  in  consequence 
of  alcoholism,  or  in  an  obs<*urc  manner,  autointo.xication  probably 
accountinfi  tor  sonn'  'A'  the  latter  group  of  cases. 

Pathologic  Anatomy.— The  kidney  is  usually  enlarged, aiwl 
on  section  the  cr»rtical  substance  is  oiten  increased  in  width.  Tlie 
color  is  most  fretpiently  grayish  or  yellowish  in  ronsef|Uence  of  the 
disease  of  the  epithelium  and  of  the  anemia  caused  by  the  swell- 
ing of  the  cells.  The  pyramids  may  be  quite  red  and  swollen, 
or  may  be  compressed  antl  light  in  color.  The  capside  rtrii* 
easily,  and  the  substance  of  the  organ  is  only  moderately  finnj 
sometimes,  indeed,  it  is  tjuite  soft.  To  this  form  of  chmnic 
parenchymatous  nejihritts  the  term  km^e  white  kidney  is  oftftt 
applied.  In  other  cases  the  sulistance  of  the  organ  may  be  qnit» 
red  in  color,  or  may  be  mottled,  light  ^was  of  yellowish  or  graf 
color  alternating  with  ctmgested  |>ortions.  In  such  cases  careful 
examinirtion  may  show  punctate  or  linear  oxtnivasjitions  of  ldi»)il, 
and  the  term  chrnnio  hemorrhaf/ic  ncphritiji  i»  not  ina|ipropriati 
The  kidney  is  enlarged,  as  in  the  first  variety,  the  cortex  thickj 
and  the  capsule  easily  removed.     In  either  case  small  cysts  mi 
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rm  in  tlie  substance  of  the  organ  or  upon  the  surface  by  (listen- 
n  of  tlie  convoluted  tubules  or  capsule!?  of  Bowman. 
In  the  later  stages  of  clironic  mrcnchyniatous  nephritis  the 
^generative  processeg  in  the  epithelium  become  jironounce<l,  and 
the  organ  may  grow  progressively  lighter  in  color  and  mort'  fatty 
in  ap|>earance.  At  the  same  time  interstitial  processes  a^siKiate 
themselves,  and  the  substance  of  the  organ  becomes  more  firm  ami 
;je  kidney  may  be  reduceil  in  size.  Attachments  arc  formed  bc- 
een  the  substance  and  the  ca])sule,  which  is  uo  longer  removable 
without  laceration  of  the  underlying  substance.  This  terminal 
form  of  chronic  parenchymatous  nej)l»ritis  has  l>een  designate*!  as 
JuHy  conlrartiuff  hidiiey,  or  as  nrrondari)  iniersdtial  vf])hrUix,  ac- 
cording to  the  amount  of  fatty  parenchymatous  change  or  of  inter- 
stitial overgrowth  present  in  the  individual  case  (see  page  616). 
Microscopically  chronic  parenchymatous  nephritis  is  marked 
striking  clegenerative  changes  in  the  epithelial  cells  of  the  con- 
voluted tubides,  and  to  a  less  extent  in  thos*-  lining  the  capsule  of 
Bowman  and  covering  the    Mal|)ighian   tuOs  (Fig.  272).     The 


^l?i^''^. 


ESTZ.— Cbrunic  juirFnchTiii«ton>  nephrltlt.  shuwliie  marliMl  Involvement  of  tbe 
M>l|iiKhUn  body  and  coiuidi'mble  Inu-retitUl  change. 
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lithelium  of  the  tubules  is  at  first  swollen  and  finely  granular 
imly  swelling),  the  nucleus  being  oliseiired  and  the  cells  ol'ten- 
becoming  fuM-d.     In   the  nmre  advanced  stages  of  the  pro- 
marked  fatty  degeneration  of  the  cells  is  discovered,  and  thev, 
may  break  down  c<mipletfly,  so  that  the  lumen  of  the  ttiliule  is 
led  with  fatty  and  granular  detritus(Fig.  27.'}).   Extravasations  of 
ikotij'tes  or  of  red  blood-corpuscles  may  take  place,  esjiecially  in 
Ihe  form  known  as  hfmorrhngic  ncjihrith.    Many  of  the  tubules  niav 
be  fille<l  with  tube-casts  of  hyaline  or  more  frc(piently  of  granular 
pearance.     The  ^lalpigiiian  Ixxlies  are  usually  gimultaneonsly, 
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tlumjrl)  porhajis  lo^s  markedly,  affected.  The  epithelium  in  ihe 
latttr  is  priiliferated  and  dcgeuerateil,  aud  the  vascular  tuft  may 
present  eunsidcralile  hyaline  degeneration.  In  the  hemorrlagic 
variety  tlie  Malpighian  IkmIv  may  be  completely  filled  with  extrav- 
asated  blood.  Side  by  side  with  these  parenchymatous  clianps 
mav  lie  .-iei'n  changes  in  the  interstitial  tis-sues.  Notably,  thtrf 
are  proliferation  and  thickening  of  the  capsule  of  Bowman  and  iii' 
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Fio.  27S.— Chronic  pKrt'nphyniatous  nephritis:  a, convolntert  tubulet  with  rlon<1]r<*'lt- 
InK  of  the  vpithvlliim  ;  6.  glomi-ruli,  mure  or  leas  degvnermted ;  c.  atrophic  tubulM;  < 
•cterotlc  interstitial  tissue ;  e,  round-cell  infiltration :  /,  blood-vessel;  g,  tubeosu  b 
tubules  iKaufmann). 

the  connective  tissues  between  the  tubules.  In  advanced  stagw 
these  interstitial  changes  are  always  present,  and  in  those  cases 
knfivvn  as  secondary  interstitial  nephritis  the  connective-tissui! 
hyjierplasia  is  the  predominating  condition.  The  walls  of  the 
small  blood-vessels  of  the  kidney  arc  usually  thickened  by  hypr- 
plasia. 


CHRONIC   INTERSTITIAL  NEPHRITIS. 

Chronic  interstitial  nephritis  leads  to  the  formation  of  a  con- 
tracted kidney.  This  may  be  a  secondar}'  form  of  nephritis  following 
Eassive  congestion  or  chronic  parenchymatous  nephritis,  or  it  ninv 
e  primary,  when  it  is  often  associated  with  <Iifl"iise  artcriosclcn>sis 
Secondary  chronic  interstitial  nephritis  is  the  terminal . 
stage  of  certain  cases  of  chronic  parenchymatous  nephritis,  and! 
results  from  a  cintinuons  hyperplasia  of  the  interstitial   tifisnw,] 
with  degeneration  an<l  atrophy  ot  the  piirenchyma.     The  orgnn  isl 
reduced  in  size,  and  may  be  quite  irregular  npjn  the  surface,  tha 
irregularity  taking  the  form  of  large  depressions  or  of  fine  grami^I 
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lations.  The  capsule  strifis  with  ilitficulty,  portions  of  the  kiilncy- 
substanee  remaining  uttaflifd.  On  seetioii  tlie  kidney  if*  found 
tn  be  firmer  than  ncirmal,  and  is  of  light  color,  often  yellowish 
(fatty)  in  hue.  The  eortex  may  l)e  nearly  the  normal  thickness, 
or  may  be  etinsiderably  re(Iuce<l.  The  small  liioud-vesseb  of  the 
Biibstaiiee  of  the  org-.in  may  he  gTipin<£  ami  vi.sil)ly  siderotic. 

Microscopically  the  e]>ilheltum  of  the  tubules  is  granular,  fatty, 
or  atrophic,  and  the  cells  are  ibiuid  detached  in  great  numliers  and 
occupying  the  lumen  of  tlu'  tniiulcs.  The  tubules  themselves  may 
be  compressed  by  surrounding  interstitial  overgrfnvth,  or  may  be 
distended  even  to  the  formation  of  cystic  dilatations.  The  capsule 
of  Bowman  is  greatly  thickened,  and  the  Malpigliiau  bodies  may 
be  much  distorted  and  comjircssed. 

Primary  Chronic  Interstitial  Nephritis ;  Red  Granti- 
lar  Kidney ;  Arteriosclerotic  Nephritis ;  Gouty  Nephri- 
tis.— All  of  tlusf  terms  have  bi-en  applied  to  a  form  of  inter- 
stitial ne[)liritis  probably  prndueetl  l)y  irritants  conveyed  through 
the  circtdation.  It  (tccurs  in  cunsequence  of  alcoholism,  syphilis, 
gout,  chrunic  phnubism,  and  chnmie  cache.xia.s  of  other  kinds.  It 
is  not  rarely  associated  with  diffuse  arteriosclerosis.  A  certain 
amount  of  interstitial  nephritis  of  this  variety  is  a  natural  lesion 
of  old  age. 

Pathologic  Anatomy. — The  kidney  is  usually  decreased  in  size, 
and  sometimes  may  lie  very 
much  coutnicteil.  In  citlier 
cases  the  rcdnetiou  in  the  di- 
mensions is  inconsideniblc,  and 
the  size  may  even  be  increased. 
The  surtuce  is  irregular,  and, 
on  retiuiva!  of  the  capsule,  is 
fiduid  ti)  be  (inely  gr.urular  ur 
irregularly  lobulated  (Fig.  274). 
The  capsule  itself  stri])s  with 
<lirticulty.  .Small  cysts  may  be 
seen  u|)on  tin-  surface.  On  sec- 
tion the  substane(!  is  firm,  and 
niav  sometimes  be  almost  cnrti- 
lagimius  in  consistence.  The 
cortex  is  narrow,  often  being 
reduced  to  a  fpiarter  <ir  one- 
sixth  its  Udrmal  wiilth  ;  wirile 
the  pyramiils  may  be  increaseil 
in  size  or  contracted  like  the 
cortex,  and  nut  rarely  show 
flense  white  sclerotic  tissm;  radi- 
ating fmm  the  apices.  In  grnity  rn.ses  deposits  of  urates  may  be 
observed  in  the  same  situation.     The  color  of  the  kidney  varies, 


Flo.  ?74.- Chronic  Interstitial  nephritis; 
pninulftr  klfliu'y  lOrth). 
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but  is  nsuallv  irrayi.^li-hrown  or  fr™^'  The  hl<)0(l-ve«5pU  in  tlif 
siihstanco  of  tiie  orjpm  are  usually  gaping  and  their  walls  visilijv 
thickoned. 

Microscopically,  chronic  interstitial  nephritis  is  chamcterizr<l 


Fio.  2TS.— Chronio  intentltiitl  nephritis:  ervat  lucrviuv  of  councctlve  Usac  •rooixtOM 
glomeruli,  Koal  lubulea,  and  blood-reaels. 

hy  great  hypcT|»la.sia  of  the  i-nuiioi'tivr  tisdue  surrouiulini.'  th>-  Mai- 
pighian  IxkHcs  iiml  iln-  voiivuliiti'd  luhulcb,  ami  by  hyjuTj^ljisia  of 
the  walls  ol'  the  blnud-vessels  (Fig.  275).     The  ovcrgmwtli  of 
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Fio.  278.— Chronic  liitemtlllul  nepliriiis 
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connective  ti.s.siie  may  be  irregular  in  its  distribution,  anil  may 
vary  grwitly  in  amount.  In  beginning  cases  there  is  only  imxler- 
ate  thickening  of  the  capsules  of  Bowman  and  of  the  inlertubuLir 
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tissues  an<l  walls  of  tlie  Idmnl-vessi'ls.  In  ordinary  i-asfs  flLrous 
tliickening  of  the  Malpiiriiiiiii  t'a]).siil(.'rt,  with  iif'W-foniied  conuec- 
tive  tissue  cousisting  of  young  eoniit'ctivc-tissuo  cells  and  nnin»l 
iiiHltmtion  colls  l>t;twt'eii  tin-  tulmlfs  j»iid  sclorotif  tliickening  of 
th?  hlood-vfssf Is,  constitute  the  ^trikin<r  nii(Tii«'u)iie  fcatun-s.  In 
the  most  jironoiiHord  case.s  the  kidiiey-siilistaiiee  is  almost  wholly 
traiisforinetl  into  tihroiis  tissue  of  dense  si'lerolie  character  (Fig. 
27f)j.  The  epithelium  nndergoes  progressive  atrophy,  the  celts 
shrinking  in  size  and  heeoming  grannlar  and  loosened  from  the 
JKisement-inenihr'aiie.  Hyaline  or  graiiidar  tuhe-easts  may  \)e 
found  within  the  tubules,  and  the  latter  are  eom]iressed  by  con- 
traction of  the  iiew-fornied  eontiteiive  tissue,  or  in  other  cases 
(lilatfMl  hy  the-  disap[»';ininei'  of  the  e|)itlielium. 

Pathologic  Pnysiology  of  Nephritis. — Tiie  efiect  of  acute 
or  chnmic  nephritis  varies  greatly  in  individual  cases.  Profound 
sv.-.t«'n»ic  disturbances  in  acute  eases  are  doubtless  often  the  result 
of  the  action  of  toxic  substances,  which  eaus<Ml  tlie  nephritis,  rather 
than  of  tiie  disease  of  the  kidneys  itself  In  uncomplicated  <'ase8 
of  acute  or  chronic  ue|)hritis  the  inHuence  upon  the  genenil  metalm- 
lisni  is  seemingly  slight.  Investigations  have  not  as  yet  shown 
any  decided  increase  in  the  metabolic  consumption  of  the  tissues, 
and  no  sfK-eific  disturlianees  of  metabolism  of  any  sort  have  been 
discovered.  It  is  very  likely,  however,  that  extensive  disease  of 
the  kidneys  does  exercise  some  inHtience,  since  these  organs  un- 
<loubte<lly  have  actual  glandular  funetions  and  are  not  merely 
pas.sive  agents  for  the  filtration  of  the  bliMnl  and  th«'  excretion  of 
urine.  The  peculiar  intoxication  which  occurs  in  nephritis,  and  to 
which  the  nami>  uremia  (7.  v.)  is  a|>]>licil,  has  received  no  satis- 
factory exiilaoatiou.  It  is  probable  that  substances  normally 
excretctl  in  the  urine  are  retained  in  the  bl<Kid  and  aecunuilate  to 
such  an  extent  that  intoxication  results.  It  is  also  likely  that  sub- 
stjince.s  which  are  normally  elaborated  by  the  kidneys  and  excreted 
in  altered  forms  remain  in  the  bhxxl  and  occasion  disturbances. 
During  the  progress  of  uremia  thcR^  seetns  undoubtedly  to  be 
active  tissue-crmsumption,  but  aceuttitc  studies  arc  wanting. 

Gastn>-intestinal  sytnploms  are  fn^rjuent  in  renal  disease.  In 
a  notable  proporti<iii  of  cases  the  gastric  secretion  has  been  found 
deficient,  and  this  may  account  for  some  of  the  disturlianees. 
Putrefactive  processes  in  the  intestines  have  also  been  denion- 
stntti'd  in  some  <'ases,  being  evidenced  by  the  increased  quantity 
f)f  ethereal  sidphatcs  in  the  urine.  In  the  later  stages  of  nejdiri- 
tis,  and  cs|>eeially  in  uremia,  severe  giistro-iutestinal  di-stirdcrs 
sometimes  ileveloj).  These  have  been  explained  by  the  af*sump- 
tion  that  urcsi  is  excreteil  through  the  gastro-intestinal  mucous 
membrane,  and  inidcrgoes  ammoniatyil  decimiposition  within  the 
digestive   tract.     The  anunr^uia   formed   by  this  decomposition   is 
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supposed  to  be  the  immediate  cause  of  the  gastro-intcstinal  ijis- 
turbsince. 

The  urine  in  nephritis  is  of  tiie  greatest  interest.  In  acute 
cases,  :iii<l  soiiiot lines  in  iilironie  forms  it  suffers  notable  cFiangeof 
a[i|K'!inun'e  by  julmixture  of  bloofl.  In  other  instances  tlic  color 
ind  physiwil  properties  are  to  a  large  extent  de|jendent  upon  iti* 
imouiit.  As  ii  rule,  the  quantity  of  urine  is  decrease*!.  The 
nitroircnous  flimiiiiition  is  of  particular  interest.  In  acute  cjises,  in 
which  the  quantity  ttf  urine  is  greatly  deficient,  there  is  undoubt- 
edly an  insufficient  excretion  fif  nitrogen  from  the  urine ;  sulise- 
qucntly  the  nitrogenous  element  may  he  excreted  in  increa«<l 
quantities.  In  aeute  nephritis  witliotit  marke<l  diminution  ill  the 
4|u;mtity  of  urine,  the  nitrotjenoiis  elimination  may  reiaaiu  sati*- 
faetory.  In  ehronie  nephritis  the  eliminatiou  of  nitrogen  in  the 
urine  may  he  reduced,  both  in  the  parenchymatous  and  interstitial 
forms  of  nephritis.  The  amount  of  urea  is  very  commonly  de- 
ereasetl ;  in  part  this  may  be  eompeii.site<l  for  by  increased  elimi- 
nation throiigli  the  skin  and  intestines.  Nitrogen  retention  is 
not  invariable,  and  from  time  to  time  periods  of  increased  elimi- 
nation may  occur.  Tlie  uric  acid  is  usually  decreased  in  quantity, 
but  may  be  entirely  normal  in  any  form  of  nephritis,  an<l  may  in 
some  instances  be  temporarily  increa.sed.  Ammonia  is  present  in 
normal  (piantities.  During  uremia  it  may  be  increased.  Xanthin 
may  be  present  iu  increased  quantities,  and  creatinin  is  reiluccd  in 
quantity. 

The  urine  in  nephritis  presents  two  striking  peculiarities:  the 
presence  of  albumin,  discoverable  by  chemical  examination,  ami 
the  presence  of  tube-ea.sts.  Albuminuria  is  an  almost  constant 
syjuptom,  though  oi-casionally,  in  chronic  interstitial  nephritis,  the 
amount  iriay  be  so  small  that  it  is  not  dt'tected  by  the  cruder  test?. 
The  more  delicate  methods  will  |irobably  detect  albumin  in  every 
case.  Serum-albumin  is  the  more  important  form,  but  globulin 
occurs  in  stnall  amounts  iu  every  case.  In  hemorrhagic  forms  of 
acute  or  chronic  nepliritis  and  in  cases  complicate*!  by  amyloiJ 
degeneration  globulin  may  be  fotmd  in  considerable  quantity. 

The  tube-casts  met  with  in  nephritis  are  csists  formed  within 
the  convoluted  tubules,  or  more  rarely  in  other  parts,  and  areconi- 
))osed  of  albuminoid  substances  and  possibly  sometimes  of  fibrin. 
Tiiey  are  foruied  jjartly  of  materials  which  have  accumulated  in 
the  tubides  by  exudation,  partly  of  the  granular  detritus  of  the 
degenerated  epithelium,  or  c>f  red  and  white  bloo<l-corpusolc*. 
We  nu»y  distinguish  a  number  of  varieties,  viz.,  hyaline,  cellular, 
crystalline,  and  gnimdar  easts  and  cylindroids. 

Hjialinc  vnMn  are  clear,  roundetl  bodies  having  a  diameter  of 
from  U.fH  to  0.03  ram.  and  a  variable  length.  yt>mctinies  they 
are  ouite  short ;  at  other  times  they  extend  across  several  fichfe 
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Somctimps  they  arc  .so  transpurfnt  and  liglit  colored  tliat  tluy  are 
scarcely  visible,  or,  on  the  (»ther  hand,  they  may  !)e  of  a  denser 
structure  and  less  transparent.  Hyaline  casts  are  J'lftiiiently  met 
with  in  sinijili'  congestion  of  the  kidney  and  in  icterns  unas.«<jeiated 
with  discovenilde  nephritis.  They  are  most  almndant  in  aente 
parenchymatous  nephritis,  but  are  (net  with  also  in  chronic 
parenchymatons  and  interstitial  nephritis.  A  form  of  hyaline 
cast  known  as  tlie  uiuicr/  trtiM  is  met  with,  .sometimes  in  acute,  but 
•inure  commonly  in  chronic  iief>hritis  (Fig.  *277).      It  is  distiu- 


:®.- 


Fio.  2T7.— W«xy  hyaline  cMts. 


Fio.  278.— Blo<>il-ca»t»,  cnmpoeed  wlioUy 
of  red  or  white  corpa«e-1p»,  or  hyftllae  sub- 
alanue  covered  with  blood-corpuacle. 


giiished  by  the  moulded,  wax-like  appearance  and  by  its  apparent 
rigidity. 

Cc/lnlar  CnMs. — The  most  frequent  form  is  that  in  which  the 
surface  of  a  hyaline  r»r  granular  east  is  covered  with  epithelial 
cells  that  have  detached  thentselvcs  from  the  tubules.  The 
entire  surface  may  be  covered,  or  there  may  he  but  a  few  cells 
here  and  there.  This  form  is  found  esjx'cially  in  acute  parenchy- 
matous nephritis.  Lmrorj/lic  caiitH  are  moulds  of  the  tubules  com- 
jx)setl  of  masses  of  leukiwytes.  They  are  found  es|tecially  in 
purulent  pyeloni']iliritis.  Occasionally  leukocytes  arc  foiuul  upon 
the  surface  of  other  casts.  Hfnoil-i'ttxts,  composed  4)f  red  blood- 
corpuscle.s,  or  of  blood-pigment  formed  by  disintegrated  red  cor- 
puscles, are  frequently  oliserved  in  acute  and  chronic  hemorrhngic 
nephritis  (Fig.  278). 

Cri/Klnltine  CaMn. — Moulds  of  the  tubules,  conijtosed  of  uric 
aci<l  or  o.xalate  of  lime,  are  sometimes  oljservcd  in  chronic  nephri- 
tis, when  there  is  a  tendt'ucy  to  the  ilepositiun  of  the  crystals 
named  (Fig.  279,  .-))•  Similar  formations  may  be  met  with  in  the 
urine  of  the  new-born   iuilt'|M'ndently  of  nej>hritis  (sec  page  628). 

Granular  ca«U  may  be  light  or  dark,  according  to  the  amount 
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ami  character  of  tlie  granular  material.  Tliey  arc  cnnipoatl  rrf 
substances  dcrivMl  from  ljroken-<lo\vn  ej)itl»olial  cells,  and  an- 
especially  common  in  chrrmic  nephritis,  though  they  may  occur  in 


Fiii,  'm.—A,  Tube-cuU,  cumiTMed  at  urii'-arid  ro-iials ;  B,  gmnuUr  uid  (adj  rua  ud 
two  t'nfnTMiund  granulur  cclb. 

anite  acute  cases.  Sometimes,  instead  of  granular  matter,  the 
^ijris  of  the  epithelial  coils  occurs  as  oil-drops,  and  the  U;Tm 
fiihii  rasfM  is  :ip|>n>priately  applied  (Fig.  279,  B).  The  <lianieter 
and  length  of  granular  cast.s  varv  consi<lerably.  As  a  hiIp.  tlie 
di:irneter  is  alnutt  tlie  sjjme  as  that  of  the  hyaline  casts,  but  the 
length  is  nirdy  as  great. 


Fro,  2m.— Cylindroldi :  a  «nd  b,  cut-Ukc  Ibrms :  e.  fUuneiitoas  fonni 


OyUndro'uh  are  fnrmations  resemliling  casts  more  or  Ifse 
closely-  Sometimes  they  appear  as  thread-like  formations,  roumW 
or  Hat,  and  occurring  singly  or  in  twisted  bunches.  In  other 
cases  they  may  be  quite  similar  to  hyaline  cast*,  though  di^tiii- 
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guishcd  by  a  loiitr,  tapfrint:  cinl  i>r  tail  (Fig.  2H0).  tVlimiroids 
(X'ciir  in  conditions  of  renal  irritation  not  .siifRcient  to  constitute 
nephritis,  as  well  as  in  aises  of  genuine  nephritis.  They  are  also 
supposed  to  he  priMliieod  in  tiie  tiiluilar  glands  of  other  parts  of  the 
genito-iiriuary  tmet,  as  in  the  ghuid.-*  of  t'owper. 

Otliir  (,'oni<titittjiit>f  nj  llie  Urinv. — Various  eelliilar  constituents 
arc  found  in  nephritis.  In  acute  aiul  in  ehrrmie  hemorrhagic 
nephritis  white  and  red  blood-corpuscles  are  frequently  obsers'ed  ; 
and  epithelial  cells  are  more  or  less  abundant  in  all  forms  of 
parenchymatous  nephritis.  In  the  acuter  varieties  swollen  and 
granular  rounded  cells  are  ob.served  ;  in  the  more  chronic  forms, 
particularly  when  fatty  degeneration  is  pronoirnced,  epithelial 
ceils  or  leuk<H-ytes  densely  tillwl  with  dark  granular  or  gloludar 
fat  are  conspicuous.  The  term  vouijjound  yruimk-cdl  has  been 
applied  to  these  cells. 

RestlltS  of  Nepliritis. — Nephritis  leads  to  notable  changes 
in  the  entire  organism,  and  particularly  in  the  vascular  system. 

Cardiac  Changes. — In  acute  nephritis  there  may  be  associated 
acute  degenersitive  or  intlaniinator}'  lesions  of  the  heart-muscle,  and 
canliac  dilatation  may  occur.  These,  however,  are  usually  results 
of  the  infections  or  toxic  cause  underlying  the  nepliritis,  rather 
than  results  of  the  nephritis  itself.  When  parenchymatous  nephri- 
tis becomes  subacute  or  chronic,  hyjM'rtrophy  of  the  heart  (notably 
of  the  left  ventricle)  takes  place,  and  this  reaches  e.xtretne  propor- 
tions in  chronic  interstitial  nephritis.  The  cause  of  the  hyper- 
trophy of  the  heart  has  occasioned  much  controversy.  It  seems 
likely  that  it  is  in  large  part  the  result  of  irritation  and  over-stimu- 
lation of  the  heart-muscle  by  substances  retaiue<l  in  the  blood, 
instead  of  being  excreted.  The  ob.struction  to  the  circulation 
occasioned  by  thickening  of  the  walls  of  the  renal  vessels  is  of 
little  moment ;  and  the  theory  that  the  cardiac  hyjiertrophy  is 
due  to  a  hydremic  condition  and  increa-sed  quantity  of  blood, 
in  consequence  of  retention  of  water  in  the  system,  is  nega- 
tived by  the  fact  that  such  hydremic  excess  of  blood  is  certainly 
absent  in  many  cases.  Associated  arteriosclerosis  is  undoubtedly 
one  of  the  important  factors  in  the  production  of  cardiac  hyper- 
trophy. 

ArterioBclerosis. — The  arteries  are  frequently  sclerotic  in  cases 
of  chronic  nephritis.  In  part  this  is  due  to  the  direct  action  of 
toxic  products  of  improper  metabolism  occurring  in  Bright's 
disease  ;  in  part  it  is  a  coiuc^idetital  or  an  antecedent  condition. 

Acute  inflammatory  lesions  of  the  serous  membranes,  and  to  a 
less  extent  of  the  mucous  membrnnes,  sometimes  occur  in  Bright's 
disease.  Acute  endwarditis,  acute  p<;rican;litis,  and  pleurisy  are 
the  most  frequent  conditions.  Of  the  inflammatory  conditions  of 
the  raucous  membranes,  tonsillitis  and  pharyngitis  are  not  infre- 
quent.    Enteritis,  even  of  ulcerative  type,  may  occur,  especially 
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in  clironic  noi>hritis.  This,  in  [>art,  seenjs  to  result  from  vicarioos 
excretion  of  nTttant   matter.s  Iroin  tlie  intestiiisil    mucosa. 

Edema,  or  dropsy,  is  a  frequent  nianifestatiun  of  nepliritis.  It 
is  most  frefjncnt  in  t!ie  |):l^enc■llym:lt^)^l^i  liirms,  jxirticularly  in  such 
as  occasion  elianjjes  in  the  frloiutTuli  and  other  va.s<'uhir  jMirtions 
of  tlic  ki<lncy.  Tiic  iiunortaut  etiologic  factor  is  doubtless  di*ea.x? 
of  the  lj|iM)(J-vcssels.  In  clironic  interstitial  nephritis  dn)i)sy  iti 
rarely  observed  until  the  [atv  stages,  when  manifest  arterial  dis- 
ease and  failing  cin-ulation  from  canliac  weakness  have  super- 
vened. The  edema  usually  bcirins  in  the  loose  snbcntaueons  tissue* 
of  the  eyelitls  and  hands,  but  extends  to  all  parts  of  the  IkhIv, 
causing  anasarca.  Internal  edema,  and  esp».'cially  edema  of  the 
hnifis,  may  be  met  with. 

ITremia  is  the  name  applied  to  certain  clinical  manifestations 
probably  cjiuscd  l)y  the  retention  of  toxic  substances  in  the  blood 
whicli  ordinarily  arc  excreted  with  the  urine.  The  nature  of  th*- 
substance  or  siibstjuures  in  question  remains  obscure.  Neither 
urea,  potassium  nor  aTumonium  salts,  uric  acid,  nor  various  other 
constituents  of  the  urine  alone  pn^iice  urseraic  manifestation.'^: 
tliough  the  injection  into  animals  of  some  of  these  may  cause  toxic 
symptoms,  such  as  convulsions  or  coma.  It  may  be  that  uremia  u 
caused  by  the  conjoined  action  of  a  number  of  such  toxic  iKnlies, 
but  it  is  not  impnibable  that  the  ]>oisons  are  sul)stances  as  yet  iin- 
(liscoveiv<l.  The  thenry  that  uci'iuia  is  due  t«j  edema  or  aiieiim 
of  tlie  brain  may  be  definitely  abandonetl.  Recently  the  view  h3>- 
been  expressed  that  toxic  substances  are  lil)erated  i>y  tlie  n-nal 
cells  as  a  consecjuence  of  their  dejreneration,  and  that  thew 
"  nephrotoxins "  are  concerned  in  uremia.  This  theory  is  still 
practically  speculative. 


ATROPHY  AND  HYPERTROPHY. 

Atrophy  of  the  kidney  may  be  congenital  ( hyjKiplasia),  or  may 
occur  in  old  age  (senile  atropliy).  In  tlie  latter  ca.se  the  kidney  is 
small,  hanl,  and  usually  darker  in  color  than  nonnal.  The  irrt-g- 
ular  atrophy  of  the  p;ireneliyma  leads  to  irregularities  upon  the  sur- 
face of  the  org-.iii.  The  capsule  may  be  thickened,  and  not  rarely 
the  perirenal  fat  is  abiinilant,  and  considerable  fatty  deposit  occur 
beneath  the  mucous  membrane  of  the  pelvis. 

Microscopically  tlie  renal  cells  are  small  in  size,  somewhat 
dark,  and  gmnular.  They  may  disiippear  entirely  from  the 
tubules  in  [tlaees,  and  the  intertubular  ti.ssue  and  the  basenieiH- 
membnine  are  eorresptindingly  thickened.  The  Maljiighian  IkhMi-s 
may  be  converted  into  contracted  fibrous  areas.  In  some  cases 
the  interstitial  ]>roce.s.s<'s  become  s<j  pronounce<l  that  the  ehange 
in  the  kidney  become  those  of  interstitial  nephritis.     These  cases 
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particularly  met  with  in  persons  of  advanced  years  having 
arteriosclerosis  (see  Chronic  Interstitial  Nepliritis). 

Hypertrophy  may  affect  one  kitlney  when  its  fellow  is  con- 

fenitally  wanting,  has  become  dit«ea«;d,  or  has  been  removed. 
•  nder  these  eircnmstanees  the  remaining  or  healthy  organ  some- 
times undergoes  considenible  hypertrophy.  The  appearance  is 
that  of  a  much  enlarged  but  otherwise  normal  kidney. 

Microscopically  there  may  Ik-  simply  increase  of  the  size  of  the 
tubules,  or  in  cases  in  which  the  conip<'nsator}'  hyjKTtrophy  has 

I  begun  l)efore  the  completion  of  development  there  may  be  actual 
increase  in  the  numl>er  of  tubules  and  Sluipit;hian  bo<lies. 
OCCUI 


DEQENERATIONS. 


Parenchymatous  degeneration,  or  cloudy  swelling-, 

I  occurs  in  tiie  kidneys  in  consequence  of  the  action  of  various 
jioisons,  infectious  or  chemical.  It  is  met  with  in  practicsilly  all 
cases  of  diphtheria,  scarlet  fever,  and  cholera,  and  less  commonly 
in  many  otlier  infectious  <liseases.    Among  the  ])oisons  the  various 

f[irenchyma-pc)is<7ns  (q.  v..  Part  I)  are  all  capable  of  attacking  the 
idney  and  pra<lucing  cloudy  swelling.     In  ca.se  of  either  toxic  or 
infectious  degenerations,  however,  the  proi-ess  is  prone  to  become 
more  serious,  and  to  terminate  in  acute  parenchymatous  n<jihriti8. 
No  shaq»  dividing-line  can  Iw  <lrawn  between  the  two  conditions. 
The  kidney  is  somewhat  incn-ased  in  size,  is  softer  than  nor- 
iiiial,  and  on  section  the  cortex  is  yellowish  or  of  light-grayish 
[color  (Fig.  281).     The  Malpighian  bodies  may  be  prominent  aa 


1. 3n.— Fferenchpnatoiu  degenermtion  of  the  kidney,  rrom  •  cue  of  cholera  (modtfled 
frum  Ko-st  and  Kuiup«lt. 


red  spots  lying  in  the  light-cfilored  renal  tissue.  The  pyramids 
are  onen  congested,  and  contrast  strongly  with  the  cortical  sub- 
stance. 

Mienjseopically,  fine  granulation  of  the  cells  of  the  convoluted 
40 


626 


TEXT-BOOK  OF  PATHOLOGY. 


or  other  tubules  is  the  striking  feature.     The  nuclei  of  the  (*!l 
are  obscured,  aud  at  times  all  of  the  cells  of  the  tubule  apparentlv 
become  fused.     Exudative  changes  ami  hyperplasia  of  the  inier- 
stitial  tissues  are  wanting  in  a  purely  degenerative  condition.    Fre- 

aiieiitly  tile  kidney  is  restorefl  to  the  normal  condition,  but,  od 
le  other  liand,  acute  Bright's  disease  or  tatty  degt^neration  nuT 
ensue. 

Fatty  Degeneration. — This  ofcurs  in  consequence  of  \\k 
last-described  cunditiuii,  or  independently  in  consequence  of  gro- 
eral  anemia  and  .systemic  disorders,  as  in  progressive  pemioiom 
anemia  and  tuberculosis.  Fatty  degeneration  of  the  kidnev  fre- 
quently oe<iirs  in  the  course  of  pregnancy,  when  it  is  due  t<j  JLv 
turbance  uf  tiie  circulation  in  the  kidneys  or  possibly  to  olwtnic- 
tion  of  the  ureters.  In  tliese  cases  the  process  usually  advs 
t«  the  condition  of  ditiiise  nepliritis. 


,  /  V   .V... 


!.  vs.— Fatty  degeneration  of  tbe  epithelium  of  tlic  tnbtile*:  stained  wUho<ia]«  i 

(Slmmonds). 

In  pure  fatty  degeneration  the  kidney  is  alwut  the  normal  size, 
or  often  smaller  tiiaii  normal ;  is  soft ;  and  on  section  the  cortex 
has  about  tin-  norinai  width.  The  color  is  uniformly  yellowish  or 
mottlcft,  certain  areas  l)cing  yellowish  in  color  and  others  nomial 
or  perhaps  hyjK'reiuic.  Usually  tlie  surface  of  the  kidney  ij 
smooth,  tnit  sometimes  local  izeil  s|M)ts  of  degeneration  may  bwonie 
depressed  and  give  rise  to  irregularities. 

Micritscopirally  the  epitlwlial  cells  arc  granular,  or  filled  witK 
oil-drops  (Fig.  282).     Not   rarely  the  cells  are  loosened  aud  lie  M 
free  within  the  lumen  of  the  tubules.     The  basement-membraiw  1 
and  interstitial  tissues  may  be  somewhat  thickened,  cither  appor^ 
ently  or  actually. 
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Patty  infiltration  is  an  tiniitiptrtiint  I'ontJitiun.  In  tbe 
atrophic  kidiipy  of  old  age  and  in  ttie  coiitraoted  kidiit'v.s  of 
chronic  nephritis  fatty  infiltration  ctf  the  areolar  tissue  beneath  the 
miu;o.si  of  the  |>elvis  is  fri'cjuently  ohserved.  Fatty  infiltration  of 
the  epithelial  cells  may  ix:ciir  under  normal  conditions,  or  in  eases 
in  which  the  hlwjd  is  surcharged  with  fat  {lipi'tnia)  and  in  which 
the  kidney.s  are  actively  engajjed  in  it.-?  excretion.  I'^atty  intiltm- 
tion  of  the  perirenal  cellular  tissues  (Hiriirs  in  ptieral  oljesily,  uiul 
soraeti tiles  as  a  localized  afl'cction  in  cases  of  advanced  renal  dis- 
ease, particnlarly  atrophy. 

Calcification  may  occur  in  <lisease<l  anuis  of  the  ki<lney,s,  as 
in  .sclerotic  Malpi<f[iian  hcMJics,  in  old  infarct.^  and  the  like.  Occa- 
sionally calcification  occurs  in  the  epitlulial  c<'lls  themselves,  ]>ar- 
ticularly  in  such  a.s  have  iinilcrijoni'  neri>»is.  This  is  partieidarly 
marked  in  certain  toxic  conditions  {c.  'j.,  niercuric-chlorid  poisoning). 

Glycogenic  infiltration  of  the  kidneys  oci-hth  in  diahetes. 
It  affects  the  epithelial  cells,  i)articuiarly  tliose  in  the  jiortions  of 
the  orpin  lying  between  the  medulla  and  the  cortex.  The  kidney 
is  usually  increased  in  size,  the  cortex  broader  than  normal,  and 
the  coiisi.stcncy  increased.  The  suhstance  may  be  lighter  colored 
and  of  homogeneous  appearance.  Microscopically  the  ej)ithelial 
cells,  particularly  those  of  the  tubes  of  Henle,  are  found  to  be 
altered  in  cliarnc'ter,  the  normal  granular  condition  ol'  the  proto- 
pla.sm  having  disappeared.  The  glycogenic  nature  of  the  infil- 
trating .substance  is  recognixed  by  the  dark-brown  color  obtained 
by  staining  fresfi  sections  with  iodirf. 

Amyloid  degeneration  occurs  in  the  kidneys  under  the  same 
conditions  as  in  the  liver  and  s])leen.  It  is  most  frequent  in  cases 
of  chronic  tidierculosis  of  the  lungs,  and  occurs  in  cases  of  kmg- 
standing  .suppuration  connected  with  bone,  in  syphilis,  and  as  a 
restdt  of  other  cachexia.s.  The  kidney  is  enlarged,  sometimes  to 
twice  its  normal  bulk,  is  harder  than  normal,  anil  on  section  the 
substance  is  found  light  grayish  in  c<ilor.  It  may  be  unifivrnily 
grayish  or  waxy  ;  or,  on  the  other  hand,  it  may  be  mottlcil,  gray- 
i.sh  areas  alternating  with  jmrtions  of  yellow  color,  the  latter  lieing 
due  to  fatty  degeneration.  Amyloid  degeneration  begins  in  the 
small  blood-vessels,  pa-rticularly  those  of  tlie  Malpighian  tufts,  and 
spreads  to  the  connective  tissues  of  the  organ,  but  iloes  not  involve 
the  epitliciiitm. 

Microscopically  the  glomeruli  may  pre.'icnt  spots  of  hyaline  or 
homogeneous  apjR'arancc  in  which  tiie  capillaries  seem  completely 
disorganized,  and  the  entire  glomerulus  may  be  transforme*!  into 
a  transparent  or  translucent  mass  (Fig.  28.3).  The  capsule  is 
thickened  and  ofttimes  simultaneously  di.seased.  The  tubules 
habituallv  contain  hyaline  casts.  The  organ  becomes  more  or 
less  anemic  from  obstruction  of  the  cajiillaries,  and  sooner  or  later 
fatty  degeneration  of  the  ejiithelial  cells  takes  [dace.  Inflanmia- 
itory  processes  arc   usually   wanting,  but   nephritis  may   become 
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aseociatetl  with  amyloiil  (IcgL-neration,  and  the  latter  proooi  vm 
occur  iu  kidneys  primarily  the  scat  of  nephritis.  The  urine  m 
amyloid  disease  is  allmtninoiis  and  scanty ;  the  proportion  of 
serum-glohulin  is  excessive.  Not  rarely  it  contains  hyaline 
caats  wnicli  respond  more  or  less  distinctly  to  the  color-tesU  fw 


Fie,  2(B.— Contracted  hiuI  aiii}^loi<l  kidney. 


amyloid  substance,  but  these  arc  not  diagnostic,  and  it  is  doubtful 
whether  they  are  in  reality  composed  of  amyloid  material. 


CONCRETIONS  IN  THE  URINIFEROUS  TUBULES. 

Various  calcarcou.s  concretions,  or  "  infarcts,"  occur  in  the  mi- 

niferous  ttihulcs,  p:irticul:irly  in  tlie  large  collecting  tiihules  nmr 
their  termiusition  :it  the  apex  of  the  pyramids.  Collections  nf 
urates,  partii.'iilarly  urate  of  atniiionium,  are  frequently  seen  in 
the  form  of  radiating  lines  of  light-grayish,  ycUowLsh,  or  reddi'fh 
color,  marl<ing  the  pyramids  near  the  apices  in  new-born  infanU. 
These  consist  of  crystalline  concretions  filling  the  large  nrinifemug 
tubules,  and  have  beeu  considered  as  a  valuable  medicolegal  imli-  ] 
cation  that  the  infant  had  breathetl.  They  are  not,  however,  suf- 
ficient proof  Sometimes  the  concretions  are  passed  with  the  urine, 
and  are  discovered  as  large  casts  of  conglomerated  crj-stals.  liC* 
frequently  other  forms  of  cr\'stils  are  met  with  in  the  iufarvt»  i>f 
the  new-born.  Similar  concretions  occur  in  gouty  individuals,  pB^ 
tictilarly  in  aged  persons,  and  cnlcitnn  ssdt*  may  be  deposited  wh« 
the  blood  is  surcharged  with  them  iu  consequence  of  diseawsof 
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!»e  bones.     Triple  pliosphates  may  be  foiinJ  as  a  consequence  of 
sbstruction  of  tlie  uriiiarv  passages  and  staf^nation  of  urine. 

Concretions  eonnKtswl  uf  bilirubin  may  be  fbnueil  in  extreme 
jaundice,  and  particularly  in  the  jaundice  of  the  new-born.  In- 
farcts compoticd  of  hemoglobin  niay  be  seen  in  cases  of  hemo- 
globinuria due  to  infectious  and  toxic  causes. 


h  INFECTIOUS   DISEASES. 

Tobercnlosis. — Tubenndiwis  may  occur  in  the  kidney  in  the 
form  of  minute,  grayish-white  miliary  tubercles  as  part  of  a 
general  hematogeneous  tuberculosis.  A  second  form,  which  is 
also  hematogenic,  is  known  as  chnmic  local  tiiberfHlomn.  In  this 
form  the  substance  of  the  kidney  near  the  cortex,  or  sometimes 
that  adjacent  to  the  pelvis,  is  oeeupied  by  mas-ses  of  cheesy  tuber- 
eidous  tissue,  and  tliere  may  be  secondary  tiiiliarv  tiibenndosis 
near  by.  Softening  is  prone  to  occur,  and  the  tuberculous  focus 
may  diiMsharge  into  the  pelvis  of  the  kiilney,  leaving  a  necrotic 
cavity.  The  entire  orgjin  may  be  Imney-cniniied  with  cavities. 
rMi>erculosis  of  tlie  kidney  may  also  result  from  ascending  infec- 
tion, being  s<'coudary  to  tuberculosis  <jf  the  seminal  vesicles  of  the 
bladder,  of  the  ureters,  and  of  the  pelvis  of  the  kidney.  The  pro- 
cess first  involves  the  <liseliargiiig  tubules  at  the  apices  of  the 
pyramids  and  spreads  outwartl  toward  the  cortex.  Cheesy  foci  are 
formed,  which  may  soften  and  discharge  int(j  the  pelvis,  as  in  tlie 
case  of  chronic  local  tuljcrculosis  of  the  kidniy.  It  is  dirticult  to 
determine  whether  tuben'ulosis  of  the  kitliirys  is  more  frequently 
the  result  of  urogenital  tulierculosis  prituarily  afl'ecting  the  ]iarts 
below,  or  the  cause  of  the  latter.  Primarv  atf'ection  of  the  kid- 
ney is  certainly  more  common  than  many  have  been  disposed  to 
admit. 

Syphilis. — In  the  earlier  .stages  of  syphilis  there  nvay  possibly 
be  acute  uejihritis  similar  to  that  of  other  iafeetions  tliseases.  Syph- 
ilis of  long  dunition  may  lead  to  amyloid  degetienitiou  of  the  kid- 
ney, or  to  chronic  interstitial  ne[)hritis.  Thickening  of  the  bWid- 
vessels  is  conspicuous.  In  the  latter  case  contractions  of  fibrous 
tissue  leading  to  marked  lobulation  are  rather  ehiintcteristic. 
Syphilitic  gutuiiiata  are  rare,  but  have  been  met  with,  and  in  their 
healing  lead  to  marked  scar-lbrmation. 

Lesions  of  leprosy,  actinoniycosis,  and  glanders  have  been 
observed. 

^  TUMORS, 

fibromata  and  lipotnata  may  occasionally  be  met  with  in 
the  kidney  in  the  form  of  small  roundetl  niKlules,  In  association 
rtitli  calculous  pyelitis  and  other  etmditious  of  the  kidney  leading 
to  atritphy,  the  fatty  tissue  surrounding  the  kidney  may  be  in- 
jreaseft  to  such  an  extent  as  to  constitute  practically  a  fatty  tumor. 
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Leiomyoma  i)?  :in  ot'ca.<ional  prowth  of  the  kidney. 

Congenital  Adenoma. — lender  tlie  name  of  struinn  abrnnUi 
mprareiuiliii  has  been  de.-KTihed  a  Torm  of  tumor  of  the  kiilnrv 
which  results  from  i-piitting  off  i>f  a  remnant  of  the  guprarsnal 
capsule  and  its  iucuqM)r.ition  in  the  kidney,  wliere  it  suhseqiimllj 
grows.  The  tumor  presents  the  appearance  of  a  t<mall  lipomatnu^ 
growth  beneatli  the  capsule  of  the  kidney,  or,  more  rarely,  it  may 
attain  considenibie  size.  HistoK)gically  it  consists  of  epithelial 
cells  arranjjed  in  tubules  similar  to  those  of  the  cortical  portion 
of  the  supnirenal  capsule.  These  undergo  considerable  fatn 
infiltration,  and  almost  the  entire  tumor  may  be  fatty.  Ow's^ion- 
ally  active  proliferative  changes  occur  in  the  epithelium,  and  t 
msilignant  eharaeter  is  assumed. 

Sarcoma  of  the  kidney  is  the  most  frequent  malignant  taninr. 
It  may  ttccur  congenitally,  or  in  later  life.  The  size  and  general 
appearance  vary  considerably,  but  for  the  most  part  the  structun; 
is  soft  and. grayish  or  sometimes  quite  red.  Extravasations  oi 
blood  or  hemorrhages  into  the  tumor  are  not  uncommon.  Tl«;n! 
may  be  a  distinct  ai^vsule,  or  the  growth  n>ay  be  an  infiltrating 
one.     Cystic  siif'tening  is  not  infrequent. 

Microscopically  the  appciiraure  varies  considerably,  and  the 
growth  may  be  comjM^ised  of  round  cells,  spindle  cells,  or  c^lU  ol' 
various  shapes.  Not  rarely  a  certain  number  of  striped  muscle- 
fibers  are  found,  and  to  such  growths  the  term  rhahdomyonarcfmn 
has  been  a|)pltcd.  In  other  cases  there  may  be  emViedded  in  the 
s;ircomat(Mis  tissue  glundular  acini  coiii|)ose<i  of  cylin<lrical  or  imy- 
ular  epithelium,  and  to  such  the  name  adaiosarooma  is  appliisihle 
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Fig.  34.— Prlnisry  urcoma  of  the  kidney. 

(Fig.  284).  Occasionally  myxonuitous  tissue,  smooth  muscle-fibers, 
or  even  islets  of  cartilage  are  found.  The  mtiltifomi  character  nf 
Biircoma  of  the  kidney  suggests  an  embryonal  origin,  and  it  w  wrt 
milikely  that  inclusions  of  the  primitive  Wolffian  Ixnly  are  tJie 
starting-point  of  the  disease. 

Adenoma  of  tlie  kidney  is  rare.     It  originates  in  the  convo- 
luted  tubules,  and    presenta  itself  in  the  form  of  more  or  1m» 
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niMlular  masses.      Microsfopiailly  the    !ip|u'araneo    ia    that  of  a 

tubular  adonoma.      Prolil'fnitivo  chaiijrfs  (wratsioiially  affoct  the 

uriniferous  tubulos  in  iiitiTstitial  ntpliritis,  arnl  give  rise  to  small 

areas  of  adenomatous  appcaraiu'e.     In   sueh  fases,  however,  the 

appearances  are  not  those  of  a  tumor  in  the  strict  sense. 

^     Papilliferous  cystic  adenoma  is  sometinies  observed.     It 

HKcasious  tumors  of  small  or  large  size  with  fibrous  capsules  and 

Bsystic  excavations  iu  which  the  lining  epithelium  is  elevated  in 

*a  papillomatous  manner. 

Carcinoma  is  a  rare  primary  tumor  of  the  kidney,  and  occurs 
in  perstms  of  advanced  years.  Tlie  growth  begins  in  the  cortical 
sub.stance  or  in  the  medulla,  and  presents  itself  as  a  soft  white  or, 
in  ca.se  of  hemorrh:ige  into  it,  red  tumor. 

Microseopieally  it  is  found  to  be  a  glandular  carcinoma  pre- 
senting acini  composed  of  epithelial  cells  of  various  shapes. 
Metastasis  is  rare. 

Secondary  Tumors. — Among  the  secondary  tumors  of  the 
kidney  are  both  sarcoma  and  carcinoma. 

In  the  same  gnjiip  may  be  included  the  li/tnphontaioue  inJUira- 
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Flo.  SK).— Lymphoid  iiiRltniUonB  betwcon  the  rcn&l  tubules :  frnm  r  vase  of  k-ukcmia. 


of  leukemia  (Fig.  2S.5),  In  this  disca.ne  the  kidney  is  often 
enlarge<l,  and  on  section  is  found  to  be  uniformly  white  or  mottled 
in  color,  the  light-colored  areas  representing  masses  of  lymphoid 
cells.  Most  of  these  have  doubtless  Innn  deposited  from  tlie  cir- 
culation, but  there  is  also  evidence  of  local  multiplication. 

Cysts  of  the  kidney  arc  of  various  forms.  In  the  course  of 
chronic  nephritis,  especially  the  interstitial  form,  cystic  dilatations 
of  the  convolute<I  tubules  and  Malpighian  bodies  are  observed. 
These  apmnr  as  small  or  large  rounded  bodies  lying  immediately 
pneath  the  cap8ule,and  on  section  are  found  tocontain  serous  liquid, 
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or  colloid  matt-rial,  the  result  of  tlcgCDcrntion  of  tlie  cpitlu-lial  lining 
of  t!ie  (  yst.  Sonu'tiiuea  very  large  cysts  i>f  this  cliaraoter  an-  mei 
with  in  eases  of  nt'ithritis,  or  oven  in  otherwise  healthy  kidneys  (Fig. 
286).     Cysts  ohserved   in   kidneys  wliirh  show  no  other  di-seiet 


Flo.  286.— Large  rvd-nti'Ti  i 


«t  of  kt  Iney  'from  a  specimen  in  the  Museum  <if  <h»  PMl'' 
delptiiu  Uoapltsl;. 


are  prohahly  due  to  undiscovered  obstructions  of  the  urinifetous 
tubules. 

Coiiji<>nital  cystic  kidneys  are  of  striking  apj>earance.  Usuallv 
both  kidneys  are  affected,  and  are  transformed  into  masses  com- 
posed of  innumerable  cysts  var}"ing  in  size  from  microscopic  points 
t*i  cavities  as  targe  as  a  walnut  (Fig-  287).  (^n  section  the  cyste 
are  found  to  be  tilled  mth  clear  urinons  ]i<piid,  or  with  colloi<l 
material,  and  between  them  is  a  stroma  of  more  or  less  firm 


Flo.  2)t7^CongeDlul  CTtUc  kldner  (Specimen  2816,  Muaeum  N.  Y.  Hosp.),' 

Ich  causes  obstniotiun  of  the  tubules  at  tlifir  outlet  at  the  apex 
he  pyramids,  or  in  cDiisequenee  itf  faulty  ujainii  between  the  upper 
I  the  lower  segments  of  the  uriniferons  tubules  in  the  develop- 
Ot  of  the  organ.  Similar  ey.stic  degeneration,  with  enlargement 
one  or  both  kidneys,  may  occur  in  later  life.  Finally,  cystic 
coma  may  again  be  alluded  to. 


J 


PARASITES. 


Bacteria   occur   in   the    kidney   in   various  affections :  thus 
nimococci,  typhoid  bacilli,  the  bacilli  of  glanders  and  anthrax, 
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have  boen  rcpuatctlly  dernonstnitf*!.  In  pyelonephritis  the  Bacil- 
hi8  coli  finiiiiiuiiis  is  [intluildy  the  usual  active  etiologic  ap-nt. 
Streptococci  occur  in  the  nephritis  of  septic  conditions  :u«l 
in  primary  int'ectious  nephritis  of  crj'ptogenic  origin.  Bacte- 
ria are  occasionally  found  in  the  uriniferous  tubules  witliout 
gross  lesions  of  the  kidney,  and  are  probably  excreted  with  the 
urine. 

Streptococci  m-cur  in  the  urine  in  the  nephritis  of  septic  cod- 
ditions,  and  in  primary  infectious  nephritis  of  cryptogenic  origin, 
Various  other  bacteria  may  be  met  with  in  the  urine  (see  Bio 
teriuria). 

Animal  parasites  are  occasionally  observed,  such  as  echino- 
coccus-cysts,  Hlarite,  the  eggs  of  Distoma  hematobium,  aniuebc, 
and  infusoria.  Uotind  worms  and  th<'  oxyuris  .sometimes  migtste 
into  the  liIiuMcr  or  enter  throitgli  tistulte. 

The  cchinowM'Cus-cy.st  occurs  in  the  form  of  hydatids,  whidi 
may  perforate  into  the  pelvis  of  the  kidney  and  discharge  with 
the  urine,  or  become  inspissated  and  calcifv.  The  Cystieercos 
celtiiiitsffl  and  Pentastomuni  denticulattiiTi  are  extremely  rare. 
Tile  Filaria  sanguinis  Inmiinis  occurs  in  ti»e  lymphatic  spaces  and 
ill  the  Idood-veswls  of  the  kidney  in  cases  of  filaria.sis  with  chyl- 
uria.  The  kidneys  in  these  csises  show  a  waxy  appearance  on 
section,  es|>ecially  toward  the  a]>iccs  of  the  pyramitls,  and  the 
surface  of  the  kidney  may  be  abnormally  lobulated.  Microscopi- 
cally the  lymphatic  spaces  about  the  uriniferous  tubules  are  grently 
distended. 

Tile  Distoma  liematobiuni  occasionally  produces  pyelitis  ami 
pyelonephritis,  with  enlargement  of  the  pelvis  of  the  kidney. 
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THE  PELVIS  OF  THE   KIDNEY  AND  URETER. 


CONQENITAL  AND  ACQUIRED  MALFORMATIONS. 


Occasionally  the  jwlvis  i>r  ureters,  or  both,  mav  be  absent  or 
imperfectly  developed.  Complete  obliteration  of  the  ureter  nuy 
be  observeil.  More  fre((ii<'ntly  there  are  two  j)elves  or  urptm, 
and  when  tliis  is  the  case  the  malformation  is,  as  a  rule,  bilatrral. 

Obstructions  of  the  ureter  may  lie  due  to  twists,  to  ci)n- 
genitai  atresia,  <>r  to  other  diseases  of  the  ureter, .particularh  at 
its  entnince  into  the  bladder.  It  may  be  brought  alwut  by  thf 
hHlgement  of  renal  calculi,  by  tumors  of  the  ureter,  or  by  pressure 
ii[)on  it  fnjui  witiiont.  The  outflow  of  the  urine  mav  be  oltstriiHeJ 
by  diseases  of  the  bladder,  and  particularly  by  stricture  of  the 
ureter. 

Dilatation  of  the  ureter  results  from  the  conditions  ]»< 
named 
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tne  olistniotiiin  is  contiijucd   tlic  (iilatatioi)  may  aHcct  tlip  pelvis 

of"  tlif  kiilut-_v  a.s  well,  ami  eventual l_v  the   latter  may   be   euor- 

mously  enlarged.    The  jnTamitls  heeome 

flattened,  and  the  renal   siibstanee  may 

nnilerfjo  progresisive  ainipliy,  su  that  the         , "}!  ^HK^i^lfej 

kidney  is  eunverted  into  a  .sae-likc  Inr- 

nnitiun    tilled  with   dear    licjiiid,  jiartly 

urine  secreted  in  the  earlier  i>tages  antl 

partly  transudate  formed  after  the  coni- 

presfeiDH  has  st(>p]X'd  tlie  renal  iimetion. 

To  this  condition  the  term  hydronephro- 

iis  is  applied. 

■fe  CALCULU5. 

Calctlli  are  of  freqnent  oceiirrenre 
in  the  pelvis  of  the  kidney,  an<l  are 
forniwl  liy  the  preeipitation  of  various 
normal  <ir  abnorntal  enns-tituents  of  the 
urine.  There  may  be  merely  .small 
gritty  jMirtieles  lying  in  the  ealices  or  in 
the  pelvis,  to  wliieh  the  term  mtdl  mnifl, 
or  f/ravel,  is  given  ;  or  there  may  be 
large  stones,  almost  filling  the  pelvis 
and  ealices,  and  forming  more  or  less 
aeeurate  moulds  (tf  these.  The  most  fre- 
quent forms  are  those  composed  of  urie 
aeid  and  oxalate  of  iinie.  liiit  jihospliate 
and  earlmnate  of  ealcium  an<l  tri]>le  phosphate  eaieuli  are  oeca- 
sionally  found.  Stones  ofiniposed  of  eystin  and  xanthin  are  rare. 
Uric-acid  ealeuli  are  composed  of  the  aeid  itself,  or  of  urates,  and 
present  themselves  as  yellowish,  brownish,  or  red,  smooth  or  some- 
what irregular  formations.  Those  comjiosed  fif  oxalate  of  lime 
are  irregular  in  shajie  and  of  brownish  or  ii'd  color. 
■  The  results  of  renal  calculi  may  be  trivial  or  .serious.  Small 
particles  of  renal  .«an(l  are  frequently  passed  without  serious  dis- 
turV>ancc.  Large  calculi  tend  to  s<'t  up  infiammation  of  the  pelvis 
of  the  kidney,  and  may  olistnict  the  outflow  of  the  urine,  causing 
hydronephrosis  (Fig.  289).  In  some  oases  c«ncer  seems  dependent 
upon  the  continued  irritation  of  a  retained  calculus. 


Fi<i.  :A«i.— Oilntation  of  the 
urettir  due  to  calculuu*  obstruc* 
Clun. 


INFLA/WMATION. 


Inflammation  of  the  pelvis,  ur  pyelitis,  may  result  from 
the  irritation  of  ]Miisons  ingested,  sueli  as  eantliarides,  turjientine, 
and  the  like,  or  it  may  occur  in  the  course  of  infectious  diseases  of 
various  kinds.  More  frequently  it  results  fn>m  the  irritation  of  a 
ilculns,  or  from  ascending  infiammation  consequent  upon  cystitis 
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and  ureteritis.  The  miieoiis  menibrano  bt'c<ime»  rcdileucd 
swollen,  iiml  not  rarely  is  marked  witli  lieniorrhagio  ccchyraoBBd ' 
The  surthee  is  covered  with  more  or  less  desniianiateti  epithelium 
and  j)us-cells.  The  iiiHainniation  may  extend  to  the  substance  of 
the  kidney  ( pi/elonrjilirifiM).  Considerable  purulent  exudate  tmv 
tiike  place,  partieidarly  when  therr  is  a  eideuliis  partially  obstrucl- 
inif  the  ureter.  When  tlirre  is  complete  obstruction  the  jx-Kis  mar 
becoiu<'  dilated  with  jm.^,  and  the  ejdices  or  the  entire  kiduey  may 
1)0  converted  into  a  large  pus-sac  {  pynncphroitia).  Dep«isits  of  tri- 
ple phospli!it«  may  occur  in  pyelitis,  and  may  t)cca.sion  incntta- 
tions  iijiDii  tlie  mucous  suriaee. 

Inflammation  of  the  ureter,  or  tireteritis,  may  occur 
under  tlie  same  conditions  as  pyelitis.  The  uiiicous  mi'inhrane 
<>i"  the  ureter  beeoriies  swollen  and  reddened,  as  in  cjitarrhal  in- 
flammations elsewhere,  and 
tliere  may  be  erosions  or 
superficial  ulcerations.  The 
other  coats  are  thickeni-d 
by  inflanunatory  inliltnitioti 
and,  in  ehrouie  cases,  by 
HIjrous-tissue  overirruwth. 


Kio.  2UU.— Cttlouhis  in  tlir  pcIvU 
of  the  kidney  ami  upper  purt  of 
tho  ureter. 


.^•^* 


Tm.  290.— Tulicrpulous  pyelonephrltl 
(Vtim  Uollinger). 


UrnodlM 


INFECTIOUS  DISEASES. 


Tuberculosis  of  tlie  pelvis  of  the  kidney  niav  occur  ««  » 

miliary  tuberculosis,  or  in  the  form  of  caseous  no<lules  or  in8&K>. 
The  latter  may  be  primary  and  hematogenoii.s  in  origin,  or  niay 
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result  from  ascending  infection  (Fig.  290).  In  such  instances 
the  mucosa  becomes  more  or  less  extensively  infiltrated,  and  later 
caseous  and  idcenited.  The  process  extemls  to  the  wdiees,  and 
subsequently  t«i  the  jnrdiiiids  and  other  parts  of  the  substance  of 
the  kidneys.  The  pelvis  may  contain  consideiiilile  quantities  of 
caseous  or  puriform  matter,  and  the  Uidney-substanee  may  be 
extensively  involved.  The  urine  contains  pu.s-corpuseles  and 
often  tuberele  bacilli  in  jjreat  numbers.  TuIhtcuIosIs  of  the 
ureters  leads  to  ufMhilar  or  ditl'use  thickening,  and  commonly  to 
more  or  less  obstruetiitn  (Fig.  291). 


iTia.  291.— Tnhercnloua  tiikIuU'  in  tlic  wall  of  the  iiretiT,  witti  t>i'Ki>iiii!ii:  hycironephroBJi 
(from  a  siiecinifn  in  Ibe  MDKCiim  of  the  I'hilii(k'l|»lila  H(r!«p{tuli. 


TUMORS. 

Primary  cancer  is  extremely  rari'.  Secondary  cancer  may  affect 
the  pelvis  in  a.s.sociation  with  the  kidney,  or  tlie  ureters  in  a.nso- 
ciation  with  the  blatlder.  Small  cystic  foi-mations  are  not  imcom- 
monly  seen  in  the  mucous  uienibnines  of  the  ureters,  and  may  lie 
tlue  to  inflatgitiratorv  obstruction  of  the  crypts,  to  proliferation 
and  softening  of  the  lymplmid  follicles,  or  tf)  paitisitie  invasion 
(  psorofipermia:). 

PARASITES. 

Round  worms  have  occnsitmally  been  found  in  the  ureters. 
The  eggs  of  Pislonuim  hsematobium  are  frefpiently  deposited  in 
the  raucous  membniue,  and  occasion  inflammation  and  papillom- 
ttouB  excrescences. 
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THE  URINARY  BLADDER. 


MALFORMATIONS. 


Congenital  malformations  of  tlie  bladder  are  compan- 
tively  coinniou.  Ainon'j  tlie  more  important  i.s  exstrophi/.  Tlk> 
anterior  wall  of  the  abJomen  and  of  the  bladder  l>eing  wanting, 
the  miK'Oiis  iiicmbraue,  with  the  ojienings  of  the  urettirs,  is  M- 
jK)se«l  to  view.  Not  uneouimonly  this  condition  is  associated 
witfi  epispadias,  or  division  of  the  clitoris.  Siraetimes  the  »mall 
intestine  discharpes  thmiiirh  the  cxstrophic  bladder,  the  large  in- 
testine beiiifT  enutnieted  or  eompletely  absi-nt. 

(Xvasiimally  the  uraejju.s  remains  [Mtulous  in  eiin8ef)ii<'iuT  of 
atresia  of  the  neek  of  tlie  bladder  or  iiretlii-:i,  and  the  urine  is  di.*- 
ehari:e<l  fnnu  the  iimliilical  end.  In  other  e;ises  the  unichun  a 
closed  at  eitlier  end  and  the  iuterveDinj;:  portion  is  dilated,  with 
the  fitrniation  of  a  cyst.  Afjain,  there  may  be  only  partial  oblit- 
eratitiii  <if  the  nnichiis,  the  remaiiiinir  jxirtion  iu  connection  witli 
the  ifhnlder  being  patulous  and  i;natly  dilated,  forming  a  congenital 
adventitious  8a<:.  In  one  case  under  my  observation  this  cimsti- 
tut<'d  «  cavity  of  considerable  size,  and  when  tilled  distended  thf 
ahdoiueu  as  far  as  the  umbilicus.  Congenital  diverticula  ninr 
occur  in  the  anterior  wall,  and  less  commonly  at  the  sides  of  tin- 
bladder.  Complete  absence  of  the  bladder,  division  into  lateral 
piirtiuiis  by  a  septum  {rcsica  blpurtitvt),  and  other  congt'nital 
defects  are  Rire. 

Acquired  Malformations. — Dilnfafim  of  the  bladder  may 
result  trom  cimgenital  or  acquired  stenosis  of  its  neck,  or  of  the 
urethra  ;  or  from  jmralvsis 'of  its  walls,  in  consequence  of  ditioa.* 
of  the  spinal  cord  or  nerves.  The  org:ui  may  be  greatly  increa."^l 
in  size,  often  reaching  the  tmibilicus.  Wlien  the  dilatation  v. 
ai'Ute  the  walls  aix'  griMtly  thinned,  iiut  when  it  has  been  gradu- 
al ly  (hn'eloped  com]K"iisatory  liypertrophy  of  the  niusoidaris  awl 
of  the  submucous  tilirous  tissues  leads  to  thickening  of  the  walk 
In  these  cases  the  mucous  surface  presents  a  riblx-d  appeamnce, 
fibrous-tissue  bands  standing  nut  prominently  and  the  nuip«a 
being  putiched  between  the  bands.  Diverticula  of  considerable 
size  may  fnrui  in  this  way,  and  the  walls  of  the  bladder  sometimes 
present  a  considerable  nuntbcr  of  poiiches. 


CHANGES  OF  POSITION. 

The  position  of  the  bladder,  or  of  portions  of  it,  is  sometime? 
abnormal.  Thus  it  may  enter  into  a  hernia,  nr  a  part  of  the  wall 
of  the  bladder  may  prolapse  with  the  wall  of  the  vagina,  forniin;: 
vaginal  cystocele.  The  latter  is  due  to  the  traction  of  the  pn>- 
uterus,  or  to  repeated  overdistenti 
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weakness  of  the  anterior  vaginal  wall.  Ci)inplete  inversion  of 
the  l)la(lder  tliroiigh  the  urethra  is  occasionally  observed  in 
women. 

RUPTURE. 

Rupture  of  the  bladder  may  l»e  due  to  trsiuinatism,  and  partirii- 
larly  to  perforation  by  t'ractured  pelvic  lioue.s.  Rupture  frutu 
overdistention  is  rare.  Oeeaj^iniiully  it  may  result  from  abdominal 
compression  when  the  bladder  is  distemled  witii  urine,  and  uleeni- 
tive  processes  beginning  in  the  nuieoiis  membrane  may  jterflirate 
the  wall,  or  phlegmtjmjus  inflanitiiations  or  degenerating  new- 
growths  surnumiling  the  bladder  may  lead  to  perforation.  In 
women  perforations  are  freiiuently  established  Ijetween  the  blad- 
der and  vagina  in  consequence  of  pressure  of  the  fetal  head  or  of 
forceps,  and  vesicovaginal  fistula  results.  Perforation  into  the 
peritoneal  cavity  is  usually  followed  by  latal  acute  peritonitis. 
Ruj>ture  into  the  tissues  below  the  jx'ritoneal  reflections  gives 
rise  to  wide.-pread  infiltration  of  urine  and  phlegnionous  or  g!in- 
grenous  inflauinialiou. 

CIRCULATORY  DISTURBANCES. 

Active  hyperemia  may  result  from  irritant  poisons,  such  as 
cantharides,  or  may  occur  in  persons  suffering  from  paraplegia,  in 
consequence  of  <!isturbances  of  innervation. 

Passive  hyperemia  (Krurs  when  there  is  pressure  ujion  the 
inferior  vena  cava  or  thnmdtosis  of  that  vein.  The  nuieous  mem- 
brane becomes  dark-red  and  is  often  niarl;ed  with  ]»unrfafe  hem- 
orrhages. Considerable  varicosity  of  the  veins  at  the  neck  of  the 
organ  mav  m-eiir,  and  may  give  rise  to  copious  hemorrhages,  or  to 
obstruction  and  n'fention  of  the  urine. 

Hemorrhag^es  in  the  mucous  membrane  <M'eur  in  severe  con- 
gestion or  inflainmatiou,  and  in  various  hemorrhagie  diseases. 
Large  hemorrluiges  info  the  cavity  itself  may  result  from  trauma- 
tism from  witlKiut,  or  from  calculi.  The  varicosities  before  men- 
tioned may  o<"easion  eonsidendile  hemorrhage,  as  may  also  paj>il- 
lomatous  or  other  new-growths.  Large  quantities  of  Itlooci  with 
little  admixtin-e  of  urine  may  lead  to  the  formation  of  dense  clots 
within  the  organ,  but  when  the  quantity  is  small  the  blood  is 
mingled  with  the  urine. 


I 


INFLAMMATION. 


Inflammation  of  the  bladder,  or  cystitis,  varies  in  ex- 
tent, duration,  anil  character.     iVcute  cystitis  may  result  friTOi  irri- 
tant poisons  excreted  M'ith  the  urine,  and  fre<|iiently  attends  acute 
fectious  diseases.     lu  these  cases,  however,  the  disease  is  gener- 
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ally  mild.  More  intense  forms  occur  from  extension  of  inflaiaS^ 
lion  to  the  bladder  in  eases  of  urethritis,  or  when  septic  materid 
is  intn>duced  in  catheterization.  Retention  and  decomposition  of 
the  urine  from  strictures  or  prostatic  hypertrophy  are  frequent 
causes  of  chronic  cystitis. 

Cystitis  may  present  itself  as  a  mucopurulent  catarrh,  acute  or 
ciironie  in  course  ;  as  phlegmonous  inflammation  ;  or  as  a  peeudo- 
niembranoiis  pnwess. 

Mucopiinilent  cystitis  in  the  acute  stages  causes  swelling  of  the 
mucous  membmne,  with  injection  of  blood-vessels  and  sometimes 
punctate  liemorrliages.  The  surface,  especially  at  the  base,  is 
covered  with  mucopurulent  exudate  of  a  tenacious  character,  in 
which  pus-cells  and  desquamated  epithelium  are  abundant.  The 
urine  tends  to  undergo  ammoniacal  fermentation. 

In  chronic  cases  tltickening  of  the  submucosa  and  h\-pertn>- 
phy  of  the  mu.s<:'ularis  cause  great  thickening  of  the  organ,  and 
the  surface  within  is  usuallv  ril>l)ed  from  the  prominence  of  the 
fibrous-tissue  bunds  and  the  [wuching  of  the  mucous  membraoe 
between  the  bands  (Fig.  292).     Erosions  and  ulceration  may  oo- 


Fio.  2M.-Diloted  ribbed  bladder. 


cur  upon  the 
takes   place. 

common  salts 


surface,  and  occasionally  perforation  of  the  walls 
Incrustations  of    triple   phosphate  and   of  othet 
frr()upntly  cover  the  surface. 
Fhlegmonoua  cystitis  result?;  from  intense  infections,  or  fhjm  the 
retention  of  urine  in  paniplegia.     The  submucous  tissue  is  conad- 
erably  swollen  and  infiltrated,  and  complete  perforation  of  the 
walls  and  paracystitis  or  phlegmonous  inflammation  of  the  tissntt 
surrounding  the  bladder  may  ensue. 
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PseudomembranouB  cystitis  occurs  in  certain  seven-  infectious 
(liseasi^,  and  may  j)rt;5tiil  it*iolf  in  the  form  of  h  typical  nwudo- 
morciLipanc,  or  a>  a  eonibinutioii  of  pliiegmouons  and  pecuuomem- 
bninous  inHaniinatiou.  Occasionally  pseudomenibraneB  are  formed 
without  any  intianiniator>'  process,  in  nervous  individuals,  and  in 
the  course  of  or  afVer  pneumonia  I  have  seen  a  cast  of  the  entire 
hla^lder  of  thin  nature. 

r  INFECTIOUS   DISEASES. 

Tabercolosis  of  the  bliwldcr  is  usually  secondary-  to  tubercu- 
losis of  the  kidney,  or  Ut  that  of  the  prostate,  seminal  vesicles,  or 
epididymis.  Tubercular  ulcers  independent  of  tuberculosis  else- 
where in  the  urogenital  tract  may  occur  in  phthisis  or  intestinal 


Kio.  33.—  I  ijlirrnuiuMs  ui  iiii-  iiladdcr  (Oitfa). 


erenlosis,  but  such  cases  are  rare.  The  lesions  observed  in 
iberculosis  of  the  bladder  are  ulcerations,  for  the  most  part  occu- 
ving  the  base  and  surrounding  the  orifices  of  the  ureters,  and 
lere  may  be  «listinct  or  clustered  tubercles.  Numerous  small 
leers,  or  a  single  large  ulcerated  surface  may  be  observed  (Fig. 
tdZ).  Deposits  of  triple  phosphate  frequently  form  incrustations 
the  surface. 

Syphilitic  ulcers  have  been  observed  in  the  bladder,  but  are 
^extremely  rare. 
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CALCULI   AND   FOREIQN   BODIES. 

TIk'  bladder  is  the  commonest  seat  of  tirinarv'  calculi.  Tliej 
niiiv  ixriir  ill  the  t'orm  of  fine  particles  or  f;ravel,  or  as  storit*i)f 
consitlenililc  size.  Usually  there  is  hut  one  ;  sometimes  a  am>iil- 
eralile  nuinher  may  lie  present.  The  shape  and  general  appear- 
ance de])end  iip«in  the  coiufMjsition  of  the  stone. 

The  formation  of  calcidi  is  due  to  preiMpitation  from  the  urine 
of  its  various  earlhy  or  other  eonstitnents  as  ti»e  result  of  stagna- 
tion and  fermentative  change.  Foreign  hodies  often  fiinu  the 
nuclei  of  sttjues,  and  tiius  a  calculus  in  the  bladder  tiiav  tiinn 
antund  broken  |M)rtions  of  catheters,  hairpins,  or  other  fop'i'.'u 
bodies  inserted  into  the  un'thra.  Similarly,  parasites  may  l»e  tli« 
nucleus,  and  in  ordinary  ca.s(-'S  of  stone  the  mucous  or  degenenttJ 
e|iitlielial  cells  o4)nstitute  the  focus  about  which  the  dcp<isit  (K-ciirs. 
There  is  pnictic-ally  never  a  simple  sediment  of  saline  or  wirtLy 
material,  but  a  combination  nf  the  latter  with  some  albuiniiML- 
luntrix.  Catarrhal  couititions  of  the  bla<lder,  espe<-ially  vdiiti 
combined  with  stagnation  i>f  the  urine  as  the  result  of  hy[)«'rtn'|)hy 
of  the  jmistat*,  urethral  stricture,  and  the  like,  are  the  mast  com- 
mon antecedent  causes. 

Calculi  in  the  bladder  may  be  composetl  of  uric  acid  or  unuw, 
of  oxalate  of  lime,  of  viiriims  phosphates,  of  carlmnatc  of  lime,  nf 
of  cert.;»in  organic  com[M»iiU(ls. 

Uric  acid  and  unite  calculi  are  les.s  common  in  the  hhtiM'r 
than  in  the  kidney.  They  result  from  sun.-harge  of  the  iiriiu' 
with  uric  acid  in  lithemic  or  gouty  individuals,  and  fmia  aiid 
decomposition  rendering  the  uric  acid  and  urates  insoluble.  Tliey 
are  yellowish  or  red  in  color,  roimded,  slightly  granular  or  snif"»th 
u|K)n  the  surface,  and,  as  a  rule,  fpiitc  hard.  Tin-  c:di-iili  com- 
posed of  iu-atc»  are  usually  more  irix-gular  and  stifter,  and  an* 
genenilly  lighter  in  color.  Frequently  phosphates  are  coniWiieil 
witli  them. 

Pliospiiatie  calculi  may  be  of  several  kinds;  they  mav  be  rom- 
jiosed  of  pliiisphate  of  lime,  triple  phosphate,  or  mixe<l  pfiosiiliatrj. 
riiey  ffirm  the  most  fre<|U(*nt  variety  ()f  cideuli  ami  concretumsin 
tile  iihiddcr,  and  arc  generally  due  t<i  alkaline  deeonip<isiti<>n 
causing  a  dcfxisit  of  the  simple  phosphate  of  lime  or  of  the 
condiination  of  ))fios[thatc  of  magnesium  with  ammonium  phft^ 
phatc,  known  as  trijile  jthosphate.  These  deposits  mav  ixriir  in 
the  ii»nii  of  incrustations  upon  the  surfa<'e  of  the  bhi<i<ler  in 
various  diseases,  or  in  the  form  of  irregular,  soft,  and  more  or 
less  white  calcidi. 

Oxalate  of  lime  wcasions  rounded,  harti  i/jilculi,  of  bnnniisli 
color  and  of  irregidar,  granular  surface,  from  which  thcv  Herive 
the  name  mn/furrif  nilculi.  They  occur  in  conditions  similar  to 
those  causing  uric-acid  stones. 
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Calculi  compoM-*!  of  o^irlKJimtc  of  calcium,  sulphate  of  calcium, 
Bj'stin,  Xiintliin,  and  iiuligi*  are  extremely  rare. 

Results  of  Urinary  Calculi. — While  cystitis  and  retention 
jOf  urine  <'rec|uentiy  cause  stone,  tiic  hitter  is  prone  to  occusion  in- 
i-ased  irritation  and  inflammation,  and  may  cause  serious  ol)struc- 
lion  to  the  outflow  of  urine,  and  thus  retention  in  tiie  Mailder. 
ITK'cration  may  tak<-  |>la<-e,  and  |)erfor!itioii  of  the  bladder-walls 
may  ensue.  Hyf>erfn)phy  nf  the  walls  (H-cnrs  when  the  stone  only 
tiartially  obstrurt.s  the  outflow,  and  under  the  same  conditions  the 
eters  may  become   diston<lcil  and   hydronephrosis  may  occur. 


■T^nrsty*^. 


FJo.  'JOt— Tun  of  iiB|.illoniii  iif  the  tilnddcr. 


Tfot  rarely  the  stone  lies  in  a  |H>uehe<l  dilatation  of  tlie  wall  of 

Ltiie  l)la<lder,  either  from  having  been  formed  in  that  situation  in 
jusequence  of  stagnation  of  the  urine,  or  fri>m  having  cause<l  a 
lilatation  by  weakening  the  walls  at  a  certain  point.  Complete 
c-n<'apsulation  of  tlie  sttme  has  been  observed  in  such  cases. 


TUMORS. 

Polypoid  outgrowths  from  the  nnieosa  may  be  ob.served  in 
chronic  cystitis. 

Papiilomata  occur  either  as  the  result  of  chronic  irritation, 
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or  as  apparently  fauselcss  tiimore.  The  papilloma  presents  It 
as  a  somewhat  fuuiliflower-like  elevation  att'ecting  the  base,  i 
sometimes  considerable  portions  of  the  mucosa,  and  has  a  whitish 
or  grayish  tH>lor.  It  is  usually  vascular,  and  therefore  frequently 
oceasions  hemorrhages. 

MierosK-opitrally  it  is  composed  of  a  delicate  connective-tissue 
stmma  containing  large,  thiii-walle<i  bloml-vessels,  and  covere<l 
with  cylindricjil  epithelium  (Kig.  294).  Occasionally  papillomatu 
become  transformed  into  malignant  epitheIiomat<}Us  gnjwtlis. 

Carcinoma  is  a  rare  form  of  primary  tumor.  It  occurs  as  a 
somewhat  papillomatous  thickening  of  the  mtioosa,  or  as  a  more 
considerable   infiltration  of  the  wall  i>f  the  bladiler  (Fig.  20.i). 


Fio.  W,—il,  epHhcUomatoiu  tumor:  B,  wart-like  growth* ;  C,  rillooa growtbi  (Clado). 

Microscopically  it  is  composed  of  large  jwlymorjihous  epithelial 
cells  infiltrating  the  walls  more  or  less  deeply  and  irregularly,  or 
arranged  in  acini  or  alveolar  formations. 

Secondary  carcinoma  of  the  bladder  may  result  from  ex- 
tension of  prostatic  or  uterine  cancer.  Very  rarely  the  bladder  is 
involved  by  metastasis. 

Fibroma,  fibro-adenoma,  myoma,  and  myxoma  are  occar 
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iionally  observed,  and  cynts  may  be  formed  l>y  eli«ure  of  pouched 
iiverticuli  or  by  distention  of  the  patulous  uniehus.  Cysts  of 
>bscure  origin  are  sometimes  met  witli ;  dermoid  cysts  are  rare. 
Sarcoma  is  ver\'  rare. 


ABNORMAL  CONDITIONS  OF  THE   URINE. 

Quantity. — Tlie  nornml  r|uantity  in  tlie  adult  is  from  1500  to 
20<J«>  oc.  Conditions  which  eiieek  the  perspiration  or  aetiou  of 
die  bowels  incresise  the  amount  of  urine  ;  excessive  sweatinfj  and 
diarrhea  have  the  reverse  etJ'ect.  In  the  latter  ease  the  exeretion 
may  be  almost  suppressed  {nnuriti).  The  sjinie  may  occur  in  acute 
oephritis,  or  ehronie  nc[»hritis  witfi  uremia,  in  extreme  anemia, 
and  in  acute  or  chronic  obstructive  conditions  in  the  pistro-intes- 
tinal  tract  interferinj^  with  absorption  of  water.  Occasionally 
muria  is  refiex,  resultinfj  from  obstruction  of  the  urinary-  jMissages 
by  calculi.  The  rjuantity  of  urine  is  increased  { pofi/ni'ia)  in  cases 
of  excessive  consumption  of  water,  and  halntually  in  diabetes 
mellitus  and  insipiilus  and   in  chroni<-  interstitial  ncjihritis. 

Specific  Gravity. — Normally  the  si^citic  fjruvity  is  1015  to 
1020.  It  i>ecomes  increased  when  the  amount  <)f  urine  is  de- 
creased, and  I'ice  verad.  The  specific  (jravity  is  csjwcially  hijrh  in 
diabetes  mellitus,  despite  the  polyuria,  sometimes  reai-hinp;  1040 
or  1050.  It  is  low  in  most  litrms  of  ehrnuie  iiepiiritis,  in  diabetes 
insipidus  or  simple  jiolynria,  and  in  anemia  and  hysteria,  or  other 
ners'ous  disea.ses. 

Color. — The  normal  amber  color  is  due  to  the  presence  of 
various  pigments,  especially  urobilin  and  uroerytlirin.  These  are 
derivatives  of  hemoj^loliiii  or  bilirubin. 

In  pathologic  comlitiuns  otluT  pigments,  such  as  hematopor- 
phyrin,  jxithologie  unibiliu,  melanin,  (>tc.,  are  met  with.  Indican 
is  present  in  tlie  urine  in  the  form  of  a  elironiogen,  which  may 
sometimes  beconK^  oxidized,  with  the  formation  of  dark-colored 
pigment-aninud  indig<i.  Certain  drugs  eliminated  with  the  urine 
cause  discoloriitions.  Bilirnbin  occurs  in  jaundice  and  other  con- 
ditions, and  blood  or  hemoglobin  may  cause  discoloration. 

Reaction. — The  normal  reaction  is  acid,  but  frequently  after 
meals  it  becomes  neutral  or  even  alkaline.  The  ingestion  of  cer- 
tain foods  rich  in  alkalies  or  acids,  which  become  converted  into 
alkaline  carbonates  (citrates,  acetates,  etc.),  may  occasion  an  alka- 
line reaction,  while  other  aci<ls  leail  to  the  opposite  result.  De- 
composition of  the  urine  usually  causes  an  intense  alkaline  reaction, 
by  conversion  of  the  urea  into  ammnnia.  Occasionally  the  reac- 
tion of  the  urine  is  amphoteric,  both  red  and  blue  litnius-pjijjer 
being  acted  up<in. 

Glycosuria  is  a  term  applied  to  the  presence  of  glucose  or 
grajMj-sugar  in  the  nrine.     This  may  be  a  transient  condition  in 
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various  diseasps,  such  as  chorea,  cerebrospinal  fever,  whooping- 
coujjh,  and  epilepsy,  and  is  not  uneomuion  in  gouty  persons 
indulging  in  a  free  diet.  S(jnietimes  it  results  fnjni  the  eff«t« 
of  poisons,  such  as  luorphin,  chloroform,  or  carbonic  oxid;  Imi 
in  some  of  these  cases  the  reactions  of  glucose  are  simulated 
bv  other  and  quite  different  reducing-substancea  present  in  the 
urine.  Permanent  anil  decided  glycc)suria  is  characteristic  of  dia- 
betes mellitus  only. 

I^vtilosuria,  the  presence  of  fruit-sugar,  lactosuria,  tlai 
of  milk-sugar,  and  dextlintuia,  that  of  dextrin  in  the  urine, 
have  been  diseovere<l. 

Choltma  is  the  name  indicating  the  prceenc*  of  bilian'  pig- 
ments and  acids  in  the  urine.  It  is  most  frequently  observed 
in  cases  of  jaundice  due  to  hepatic  disease,  but  may  also  iieeurin 
so-<';d!eil  lieinatogenoiis  janudiee,  the  formation  of  the  pignu-ni  in 
someof  tlie  latter  eases  probably  tiiking  place  in  the  kidneys  them- 
selves. The  urine  presents  a  dark  color,  varying  from  brownish 
to  greenish.  Oxidizing  substances,  such  as  fuming  oitric  acid, 
produce  a  play  of  colors. 

Microscopical ly  tlic  cellular  constituents  of  the  urine  are  found 
stained,  and  granular  concretions  of  bilinil)in  or  rhombic  crk-stals 
may  be  observed.  Hyaliu<'  civsts,  more  or  less  deeply  stained  by 
the  pigment,  ar«"  frequently  seen. 

trrobilinuria, — Urobilin  oe^nii^  in  the  normal  urine  mainly  m 
a  cliromogen,  or  is  eunverted  into  urobilin  on  the  addition  of  acid. 
Sometimes,  urobilin  is  present  in  large  quantities  in  the  fresh  urini'. 
This  has  been  particularly  observed  in  fevers,  in  jaundice,  and  in 
certiiin  anemic  diseases,  esp-eially  in  pernicious  anemia. 

Indicanuria. — ludigo-bluc  occurs  in  the  urine  as  a  chnjino- 
pen  which  gives  rise  to  the  formation  of  indigo  on  decomprisition. 
This  indiean,  or  intliixy!  sulfiliate,  is  a  pnxluct  of  intlol  derived 
from  the  intestine,  and  an  excess  of  indiean  in  the  urine  ia  aig- 
niticaut  of  intestinal  decomposition. 

Other  forms  of  the  ether-sulphuric  acid  series  occar  in  the 
urine,  but  are  less  significant. 

Acetontirla  occurs  to  a  slight.oxtent  in  health,  but  more  par- 
ticularly in  contlitions  of  inanition,  in  gjistro-intestinal  disturbance*. 
an<l  in  fever.  It  is  especially  significant  in  diabetes  mellitus,  and 
may  become  very  pronounced  toward  the  latt«r  end  of  this  affec- 
tion. 

Diacettiria,  or  the  condition  in  which  diacetie  acid  appears  in 
the  urine,  is  also  met  with  in  fevers  and  inanition,  but  partieiilariT 
in  diabetes. 

I/ipacidliria  refers  to  the  presence  of  fatty  acids  in  the  orine, 
but  has  no  special  significance. 

Hydrothionuria  refers  to  the  presence  of  sulphurette*!  \\yAn- 
gen  in  the  urine.     This  is  noted  occa.sionally  in  autointoxications. 


\ 


1 


DISEASES  OF  THE   DRTNARY  OliGAyS. 


647 


or  as  the  result  of  fi'rnipntativo  chiinnf'8  in  ttio  urine.  The  urine 
may  have  a  founiv  a|>[ir;iniii<'i',  to  wliich  tlie  ttTiu  pncumntitriti  is 
sometimes  iijijiliwi.  Other  gases  may  be  present,  but  only  in 
small  projiortinn  and  rarely. 

Melanuria  is  a  term  ap[)lie(l  to  the  dark  discoloration  of  the 
urine  (Kvasionally  seen  in  persuns  suffering  from  pi^'Uionted  tumors. 
It  uIm)  oeeur<  in  phthisis  and  otlicr  wastiufj  diseases.  As  :i  rule,  tliu 
urine  beeornes  darker  after  additinn  of  uxidizing  snijsfanees,  hut  it 
jnay  he  quite  dark  when  passed.  It  eontaius  iron  and  sulphur. 
I  Albtunintiria. — Minute  traees  of  senim-allnunin  prohahly 
'occur  in  the  normal  urine.  Tlie  term  alljiiminuria,  however,  is 
applied  to  cases  in  whieli  allyumiu  is  readily  detected.  It  may  he 
accidental — that  is,  dcjiendent  u|)on  the  admixture  of  alhiuninous 
Bubstances  frum  the  mucous  nieniiutine  lining  the  tu'iuarv  passap-es, 
— or  essentially  renal  in  clianieter.  In  the  former  instances  the 
preseuce  of  abundant  hlixxl  or  pus-cells  indicates  the  natun' of  the 
case.  True  renal  albununuria  consists  of  the  excretion  with  the 
urine  of  semm-aliiumiu  and  senmi-jrlobnlin,  tlie  fiirmer  heinp  e<in- 
eiderably  more  abuuthiul  than  tlie  laiter.  Pure  seruniuria  is  ex- 
tremely rare,  and  purr  f^lohulinuria  jierhaps  even  more  so. 

Albuminuria  is  more  fri'([Uently  the  product  of  actual  renal  dis- 
ease or  nephritis,  and  is  then  due  to  the  disease  of  the  epithelium 
of  the  glomeruli  and  tubules.  A  certain  amount  of  albumin  (H'curs 
in  degenerative  or  <'onfrcstcd  conditions  of  the  kidneys;  in  various 
general  di.seases  affecting  tin-  liloo*!  without  manifest  disea.se 
of  the  kidney,  sucli  as  anemias,  diabetes,  and  the  like;  in  (-crtain 
nervous  affections  ]»rf)bably  influencing  the  circulation  ;  and  in  dis- 
orders of  the  digestive  tnict. 

At  times  albuminuria  is  periodic  or  <'yclic,  this  perioflicity 
depending  upon  general  eoiulitions,  such  as  diet,  exposure,  and  exer- 
cise, which  in  turn  atl'cct  the  hlotwl  or  renal  circulation,  (.'unsid- 
erablc  amuunts  of  albunun  in  the  urini'  are  never  physiologic. 

Large  prt>pi»rti<ins  uf  gluhulin  occur  in  amyloiti  disease  of  the 
kidneys. 

Albumosuria. —  Various  all>ununous  substanees  derived  from 
s«!nim-a!bumiu  nr  scmm-ghibulin,  and  not  c<«»gulable  by  heat, 
fxxMir  in  the  urine.  These  utv  liydnitinti-jvrotbiets  designated 
albumo.«es  or  jiropepton.  True  pepton  has  never  l>een  Huutd  in 
the  urine.  Alliumosuria  occurs  in  eases  in  Mhicli  pus-cells  or 
large  exudates  are  undergoing  absorption,  as  in  septic  proccs-ses, 
pneumonia,  and  the  like  {pt/oijenic  alfntmQftiiria).  In  another 
group  of  ca.ses  intestinal  raalassimilation  or  decomposition  comes 
intit  play  {enterngniH-  (iflnnnoxnrui).  lu  tfie  tliini  group  diseases 
of  the  bliKKl,  such  as  leukenna  and  various  intoxications,  are 
active  {/lematof/enic  alLumoifiiria).  A  fourth,  or  pucrjH-nd,  form 
occurs  after  lal)or.  It  has  also  been  observed  repeate<lly  in  malig- 
nant tumors  of  the  skeleton. 
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Nacleo-albuminuria. — Niioloo-alhiimin,  formcrlv  suppoeed 
to  he  tiuiciii,  is  (IcriviMl  fnim  tlie  i)rotoj)liisin  of  the  sumw-t'pithe- 
liuni  of  tile  urinary  tract,  and  occurs  in  the  urine  in  small  quantity 
in  noarly  all  persons,  and  in  largo  quantity  when  thtTt-  is  irrilaticn 
of  the  Hninij  mucosa,  jwirticularly  in  pyelitis  an<l  cystitis. 

Fibrinuria  i>ccurs  in  conditions  in  which  lymph  orhloo<lpui« 
access  to  tliu  iiriu:iry  passjiges.  Fibrinous  casts  or  shr<^Is  may  W 
passed,  or  small  tlociMilcnt  p;irticles  are  ol>serve<l.  Fihriunria  is 
usually  associafcil  with  lieiiiaturia  or  chyluria. 

Hematuria  is  a  terra  applied  to  the  pre,sence  of  l)l(H>d  in  the 
urine.  This  may  be  a<'oitlcntal  from  admixture  of  menstrual 
blood  and  the  like,  or  may  be  a  |wthologio  condition,  in  which  iht 
blood  originates  from  the  kidneys,  ureters,  bladder,  urethra,  or 
otlier  [jarts  of  the  urinary  system.  Renal  hematuria  may  resnll 
from  intense  eongestic)n  or  t'rom  hemorrhagic  nephritis.  Traiinu- 
tism,  either  from  without  or  from  calculi  in  the  pelvis,  is  a  fre- 
quent cause.  Tumors  and  specific  intlammatory  processes  arc  ocra- 
sional  causes.  Sometimes  hematuria  is  due  to  intense  anemia, 
liemiirrhagic  diseases,  or  severe  iiitoxiciitions.  Hematuria  wliicii 
is  due  to  admixture  of  lilond  with  the  urine  below  the  kidncv 
results  iVom  trainuatisni,  injury  by  c-alculi  or  catheterization,  fr>m 
vascuhir  tumors,  ;uul  occasionally  from  inflammatory  or  other  dis- 
ease-processes. 

Renal  hematuria  is  distinguished  from  that  originating  in  the 
bladder  by  the  intimate  admixture  of  urine  and  IiUmkI,  and  hy  the 
a.ssociatod  evidences  of  renal  disease — ren.il  epithelium,  tul)C-ca.*t!i, 
etc.  Fragnieiit.ition  of  thi'  red  corpuscles  is  sjiid  to  indicate  rriial 
hematuria.  In  henuituria  originating  in  the  bladder  larger  clot* 
may  pa.ss.  in  assiwiation  with  bladderK-pithelium  and  mucin  (nn- 
cleo-albiimin).  In  cases  of  sudden  renal  hemorrhage  large  clots, 
sometimes  forming  ciuits  of  the  pelvis,  may  be  formed  and  ilis- 
chiirged. 

Hemoglobinuria  indicates  the  presence  of  free  hemogloliin 
or  of  metheniHglobin  in  the  urine,  without  the  presence  of  blfKul- 
corpuseles.  Hemoglobinuria  results  from  causes  which  lead  to 
disorgiuiization  of  bl<io<I  and  elimination  of  the  coloring-matter 
through  the  kidneys.  It  is  met  with  in  various  infections  dis- 
eases, such  as  malaria,  and  in  intoxications,  as  in  poisoning  with 
potassium  chlorate,  carbolic  acid,  arseni<-,  and  other  <lrugs,  or  «ilh 
toadstools.  It  occasionally  results  from  snakebite  or  poisoning  by 
other  venomous  animals. 

Paroxysmal  faemoglobinoila  is  a  form  of  intermittent  di«9.« 
especially  fn^quetit  in  subtropical  coimtries.  The  attacks  wroe- 
times  .seem  to  be  determinetl  by  exposure  to  cold  and  other  ft- 
ternal  influences,  whilst  the  predisjMisition  may  be  dependent 
upon  syphilis  or  other  genend  disorders.  The  urine  present,-  a 
dark-red  or  brownish  color,  and  when  tested  with  the  spertro- 


DISEASES  OF  THE  URINARY  ORGANS.  649 

scope  shows  the  hands  indicative  of  hemoplohin  or  methenui- 
globin. 

Micnwcopiealiy  the  henu)<;loI)in  may  present  itsdt"  in  thp  furm 
of  granules  or  east-like  liirniationH,  or  sometimes  as  erystals. 
Blof)<l-corpuseh\s  are  absent,  or  at  most  present  in  extremely 
small   nunilwrs. 

I^ipuria. — A  small  amoimt  of  fat  may  appear  in  the  urine  in 
cases  of  advanced  ditfiise  nephritis  with  fatty  <lcj^eni'ration,  and  in 
certain  cases  of  pyelitis.  In  other  cases  li|(iiria  results  from  dis- 
orders in  which  there  is  excess  of  fat  in  the  hluud  (lifR'niia).  This 
occurs  in  cases  of  excessive  consiunption  of  dil  or  fiitty  food  and 
in  cases  of  intoxication,  notahly  In"  arsenic.  It  is  s<jnit>times  pres- 
ent in  dialK'tes,  phthisis,  clnijnie  alcoliotisiK,  atrd  uhesity,  and  fract- 
ures injuring  the  marrow,  or  serious  traiimatir^m  of  the  subcuta- 
neous fatty  tissues  may  cause  fat-emholisin  and  lipuria. 

The  appeaninf(>  of  the  urine  varies  with  the  anmunt  of  fat, 
but,  as  a  rule,  there  is  a  solid  seum  ufton  the  surfaiT,  and  there 
may  be  large  oil-drojis.  Occasionally  the  urine  is  (piiti-  milky 
when  recently  j)assed.  Mieroseopically,  oilnlrops  are  more  or  less 
abundant ;  and  fat-crystals  may  be  rliscovered. 

Chyloria  is  the  name  a]tplicd  to  a  nrilky  condition  of  the 
urine  which  jmibably  results  irom  admixture  of  lymph  or  chyle. 
The  urine  is  light  colored,  and  uiore  or  less  milky  in  a])jteariini"e. 
Often  there  is  a  reddish  dis<'oli)i"ation  from  associated  hematuria 
(^bemntwlif/luriu).  Tlie  urine  contains  albumin  and  sometimes 
albumoses. 

Microscopically,  nimierous  oil-drops  of  varying  size  and,  usu- 
ally, blood-corpus<dcs  are  detected.  The  most  frcrpient  cause  is 
the  obstruction  of  the  lymphatic  channels  and  their  suljsequent 
ru|>ture  in  the  kidney  or  bladder  in  consequence  of  the  loilgement 
of  the  Filaria  sjtnguinis  hominis.  In  tlie.se  ca.ses  the  emitrvtis  of  the 
filaris  are  usually  detected  in  the  urine.  Sometimes  a  chyluria  is 
non- parasitic,  but  the  causes  are  obscure. 

Bacterinria. — Normally  the  urine  contains  no  Imcteria.  In 
ca.ses  of  cy.stitis  or  other  inflammatfiry  diseases,  however,  and  par- 
ticularly when  catheterization  has  been  practised,  Imcteria  of  de- 
com|»osition  may  be  present,  such  as  the  Mifrococrun  vretr,  Bar- 
trritim  termo,  the  I{nril/iv<  profcnx,  yeast-fungi,  and  other  forms. 
Not  mrely  the  RarilliiH  coli  commiinii  is  met  with,  particularly  in 
ascending  infections  of  the  urinary-  tract.  In  coses  of  certain  in- 
fectious disea.ses,  such  as  ty|(bc>id  fev<'r,  pni'umonia,  and  erysij)elas, 
the  specific  micro-firginilstus  may  be  found  in  the  urine,  having 
escaped  from  the  bloml  tlin)U<rh  the  cnpillai'ies  of  the  glomeruli. 
Streptococci  are  also  met  with  in  primary  and  secondary  infectious 
nephritis.  The  RncUlnK  tn/x'rrti/osix  may  be  dis<'overed  in  ca.ses 
of  tuberculosis  of  the  kidney,  ureters,  bl.ideler,  or  other  parts  of 
the  urinary  tract  (Fig.  29(5).     It  is  frequently  present  in  clusters, 
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this  constituting  a  marked  point  of  distinction  from  the  sme^- 
bacillus,  which  is  often  found  in  urine,  t-specially  that  i>f  woirn-u, 
and  is  easily  mistaken  for  the  tubercle-bacillus.     Another  p»ia! 
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Fig.  296.— Tubercle  bnclIU  in  the  uriuc :  from  a  case  uf  tuberculous  cjvtIU*  (Jakob). 

of  distinction  is  the  greater  ease  with  which  the  smegma-bttcilla.s 
stained  with  carbol-fuchsin,  may  be  decolorized  by  alcohol.  P'isi- 
tivc  diffcrentintion  in  doubtful  cases  is  made  by  injection  of  the 

urine  into  guinea-pigs. 


CHEMICAL  CHANGES  AND  SEDIMENTS. 

The  various  inorganic  and  organic  constituents  of  the  uriw 
may  be  present  in  excessive  quantities,  and  may  form  deposit*,  or 
abnormal  chemical  substances  may  be  detected. 

Uric  acid  is  deposited  in  the  form  of  yellowish,  bro\nii?h,  or 
reddish  crystals  of  wfictstone  shajw,  or  as  irregular  angular  fonju- 
tioiis  sn|HTinipus<Ml  or  clustering  together  (Fig.  297).  The  oiior 
is  due  to  uroerytiirin,  taken  uj)  fmrn  the  urine.  Excess  of  uric 
acid  occurs  in  lithemic  and  gouty  conditions,  and  the  crj-stalsmav 
dejHi.sit  fnini  a  highly  acid  urine,  even  though  there  be  no  excess. 

Oxalate  of  lime  occurs  in  the  form  of  highly  refracting  <x^- 
hedral  ccirpuseles,  their  appearance  being  likeneil  to  that  of  an 
envelo|)e  (Fig.  29.S).  Certain  foods  rich  in  oxalates  may  cai« 
excessive  excretion,  an<l  oxaluria  occurs  as  an  independent  con- 
dition of  obscure  nature  allied  to  gout  and  litheraia.  0.valat«s 
deposit  fnmi  highly  acid  urine,  even  though  no  excess  be  pr«wnt. 
This  must  be  tli.stinguished  from  oxaluria  proix?r. 

Phosphates. — Various  forms  of  phosphates  are  foiind  in 
crystaliiiie  furni  in  urinary  .sediments.  Basic  phosphate  of  mag- 
nesium and  aeutra!  pliosphate  of  lime  are  found  in  urine  liecoming 
alkaline,  while  the  phosphate  of  ammonium  and  magnesium,  of 
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triple  phosphate,  is  met  with  wlien  atkiilino  {kfomposjitioii  takes 
place.  It  presents  itself  in  tliflereiit  i'urms,  tlie  most  eharacteristic 
being  the  large  coffin-lid  ervstalH  and  certain  star-shaped  forma- 
tious  (Fig.  "Jiift).  Triple  plid.spliatt!  i«  esfM-eially  abundant  in 
cystitis  with  alkaline  deconipo.sition  of  the  urine  in  the  bladder. 
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Flo.  297.— Various  formii  of  uric-acid 
crysUila. 
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Fig.  'J!*.— Varlciua  forma  of  erystaU  of 
oxalate  of  coJcium. 


■  Urates. — Urates  are  depcsited  from  acid  urines  as  a  whiti.sh 
or  reddish  sediment  of  amorphous  character.  The  reddish  color 
sometimes  observed  is  due  tu  adiui.xture  of  urinary  pigment.  In 
decomjwising  urine,  of  somewhat  alkaline  reartifin,  urate  of  animo- 
ium  is  depo.*ited  as  lietlgehog  crystals  or  masses  (Fig.  300). 


Fio.   299.— Crystals  of  triple  phij«pbate 
(ammoDlum-magneaium  plinspbate). 


FiQ.  300.— Urate  of  ammonium  crystals. 


Hipporic  acid  is  rarely  met  with,  excepting  after  the  inges- 
tion of  benzoic  acid  or  of  certain  fruits.  It  forms  long,  prismatic 
crystals,  which  occur  in  groups. 
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Carbonates  and  sulphates  are  rarely  obserx'ed  in  urinary 
sediiiu'iits. 

Fat-crystals  w<Hir  in  the  lorai  of  fine  noodle.--,  or  of  aggre- 
gations arninged  in  a  star-like  manner  and  resembling  tyrwb 
groups  (Fig.  301 ).  They  are  found  in  cases  of  chronic  nephritis, 
pyelitis,  and  cystitis. 

Tyrosin. — This  substunec  usually  occurs  in  the  urine  in  solu- 
tion, or  nirely  in  the  fnriii  of  sheaves  composed  of  fine  needia 
armnf;ed  in  star-like  l•lll^t^■^s  (Fig.  301). 

I^eucin  occurs  as  small  spheres,  often  having  a  sonicvhit 
radiatoil  structure  within.  These  are  most  readily  discovered 
when  the  urine  has  been  partially  evai)orjite<l. 

Leucin  and  tyrosin  are  observed  in  acute  yellow  atrophy  of  tix 
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Pia.  aoi.— I«ncin.«|>herei  uod  tyrosin-         Fis.  302— Cbolcatcrln-pltttcs  vaA  M-oraili 
needles.  (needles). 


liver,  in  plios|)horus-poi.soning,  and  occasionally  in  severe  infe<v 
tious  fevcr.<. 

Cystin  Dccurs  in  the  form  of  hexagonal  plates  often  siiwr- 
im]x>fi*Ml.  They  are  most  frctiuently  associated  witli  cystin  calculi 
in  the  kidney. 

Xanthin  is  extremely  rare,  but  may  be  associated  with  inui- 
thin  calruhts. 

Cbolesterin  appears  in  the  form  of  flat,  quadrilateral  plates 
witli  a  n'-eiiteriiig  angle  at  one  of  the  comers  (Fig.  302).  Thov 
are  mot  witli  in  old  cystitis  or  pyelitis,  but  are  rare. 

Indigo. — Amorphous  particles  or  crj'iBtals  of  indigo  may  l)e 
found  in  urine  containing  great  excess  of  indoxyl  sulphate.  Tliey 
present  a  oharaoteri.stic  bluish  color. 

Bilirubin,  hemoglobin,    methemoglobin,   and   hema- 

toidin  arc  ocoasionally  seen  a.s  brownish  granular  oonoretions  "f 

ho   form   of  rhombic   crystals   (see   Choluria,    Hemoglol)in- 
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THE    URETHRA. 

CONGENITAL  ABNORMALITIES. 

Ahst-nco  of  the  iiivtlira  is  .somotiriies  met  with  in  association 
irith  other  defects  of  (k'Vflo|>mcDt.  Partial  ilefieiencies  and  ah- 
loriiial  structure  of  the  urethra  are  more  fivqiient.  Thus  in  ttie 
tenuih^  it  luuy  he  rrdiifed  in  leiigtii  and  upeii  in  tlie  antc'ri<»r  wall 
f£  the  vagina,  and  in   the  male  may  terminate  at  the  hase  of  the 

rotiim.  Ohliteration  of  part  of  the  nirtlira  (atresia)  may  occur 
cases  of  defective  tievclopment  of  the  corpus  spongiosum  ;  more 
Jommonly  there  is  obliteration  of  the  meatus.  <Jther  abnormal 
Conditions  will  lie  considered  in  coniicctiou  with  defective  develop- 
ment of  the  penis. 

INFLAMMATIONS. 

Inflammation  of  the  urethra,  or  urethritis,  is  most  fre- 
quently due  to  a  specific  micro-organism — the  gonoeweus  of 
Ncisser.  Some  cases,  however,  are  non-speeitjc,  resnltiiig  from 
irritation  by  chemical  or  mechanical  agent,s  with  associated  infec- 
tion (staphylocf>cci,  stroptocficci,  or  other  orgiuiisms).  Some  of 
tliete  cases  are  caused  by  direct  traumatism,  as  iiy  lilows,  injuries 
c-ausod  by  catheterization,  ami  t!ic  like;  in  other  eases  i'oriign 
bodies,  as  calculi,  become  lodged  in  the  urethra  and  occa.sion  in- 
flammation, or  injure  tlie  urethra  in  passing.  Urethritis,  like  in- 
flammations of  other  mucous  mendtranes,  may  <wcur  in  various 
infectious  diseases,  such  as  typhoid  fever,  .■scarlet  fever,  sniall-pox, 
etc.  In  the  fcnude,  iuflaniuiations  of  the  vagina  and  vulva  fre- 
quently extend  tn  the  urethra.  A  form  of  pseudoinend>ninous 
pircthritis  of  obscure  origin    has    been  ol:).served   in  a  few  cases. 

Specific  urethritis,  or  ymwrrhfa,  is  alway.s  due  to  direct  infec- 
tion with  the  gonoeoccus  (for  description  of  the  organism,  see 
Part  I.).  C'ertain  conditions  of  the  un;tlira  favor  infection  ;  thus 
an  adherent  prepuce,  by  causing  greater  retention  of  the  infective 
matters,  increases  the  liability,  aiul  probably  congested  and  irri- 
tated states  of  the  urethral  muco.sii  heighten  the  .susceptibility. 
The  vulnerability  of  different  individuals  probably  varies ;  and 
doubtless  the  micro-organism  has  greater  vindence  in  some  in- 
stances than  in  others. 

I  Pathologic  Anatomy. — Urethritis  usually  first  affects  the  mucosa 
fet  or  near  the  meatus,  but  tends  to  spread  rapidly  to  the  posterior 

eThe  mucosa  is  at  first  intensely  congested,  red,  and  .swollen, 
a  purulent  exudate,  of  yellowish  or  greenish  color,  makes  its 
appearance.  The  .small  crypts  or  lacuna;  swell  and  become  dis- 
tended with  purulent  exudate. 

'  MicroKcopically,  urethritis  presents  the  features  of  an  intense 
pundent  catarrh.  Within  a  few  days  of  the  onset  the  super- 
ficial epithelium  becomes   loosened   and   begins   to  desquamate; 
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and  at  the  same  time  polymorphonuclear  leukocytes  make  tlicif 
way  to  the  .siirliwe  betweca  the  enitiielial  cells.  The  pusHtll? 
anfl  epithelium  of  the  surface-ex mfate  contain  gonococci  in  abun- 
dance, and  tile  organisms  are  disooveretl  in  the  e«lls  and  to  a  les* 
extent  between  the  cells  of  the  deeper  layers  of  the  mucosa  (Fig. 
303).     The  process  extends   most  deeply  in  those   parts  of  tht 
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Fiti.  ana.— Acute  urcthrlL. . ..^^  puraleiit  Inflltretlon  and  gooooocci  la  the  ccUi  mi 

between  the  oelU  (Birch-Hincfafcld). 

urethra  (penile  portion)  in  which  the  lining  epithelium  is  of  tk 
cohuimar  variety. 

Associated  Lesions. — In  simple  case.*  the  disease  proceed'  di> 
further  than  has  ijeen  described,  but  after  a  period  of  several 
weeks  gradually  subsides.  Very  frequently,  however,  the  in8ani- 
mation  extends  in  various  directions,  and  complicating  conditioDf 
ari.se.  Sometimes  the  infective  agents  penetnite  the  vinnhrtiM 
propria  of  tlie  small  glands  (Littr^'-'s  glands),  or  enter  the  sab- 
mucosa  by  direct  invasion  through  the  interglandular  parts  of  tbf 
mucosa.  Leukocytic  collections  in  the  submucosa  or  jtn'iurdltriil 
abscesses  may  result.  In  these  cases  the  gonococcus  alone  mavl* 
the  infective  cause,  or  other  pyogenic  organisms  may  be  a-ssociatwl; 
sometimes  periurethral  lesitms  are  caused  by  staphylo<H)cci  iixl*^ 
pendently  of  gonococci.  Occasionally  accumulations  of  pus  in 
Tyson's  glands  may  simulate  periurethral  abscesses.  In  the  fe- 
male similar  pnrident  distention  of  the  glands  of  Rirtholin  {.•*  a 
frequent  lesion.  The  inflammation  of  the  urethra  is  often  eonfinwl 
to  the  anterior  jwrtton  {antrrinr  nrdhritls],  but  may  extend  to  the 
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posterior  portion  {posterior  tinlltri(in).  In  thf  male,  spoondar}'  in- 
volvement of  th*"  prostate-  glantl  is  likely  to  otvur  witli  posterior 
urethritis  ;  and,  more  rarely,  the  orj^anisms  invade  the  vas  deferens 
anil  tine!  their  way  to  the  epididymis,  causing  aeute  Cjiiiliflifmitis. 
The  l>ladd<'r  is  rarely  involved,  the  tniieos;i  aj)]>areiitly  otlering 
cotjsiderahle  resistanec  to  the  inieetiiin.  In  the  temale,  acute  vag- 
initis, and  esjieeially  inflauunation  of  the  cervix  uteri,  are  com- 
monly assfX-iated.  Seenndary  extension  to  the  uterus  may  oeea- 
sion  gonorrheal  endometritis;  more  f'retjiiently  the  uterus  is  lint 
little  affected,  while  the  Fallopian  tuhes  suffer  intense  inflamma- 
tion. Catarrhal  or  purulent  sal])ingitis,  often  complicated  with 
local  peritonitis,  is  one  of  the  most  inipurtant  of  the  coni]»lications, 
AVhen  pus  from  a  gonorrheal  nretliritis  is  brought  in  coutact  wilh 
the  conjunctiva  a  seven-  i'orni  of  jmnitnit  roiijuitctiriiiii  results. 

Metastatic  lesions  are  not  infrequent.  Among  these,  f/nii'irrheal 
arthritis  is  the  most  familiar.  It  usually  occurs  late  in  the  disease, 
sometimes  afler  an  interval  of  weeks  or  months  from  the  onset,  aiul 
involves  the  larger  joints  (knee,  elhow,  wri>t).  Purulent  exuda- 
tion and  til)n>us  anchylosis  may  result.  A  similar  lesion  is  fjonor- 
rheal  tenoxi/noritis.  S<inu-tiuics  the  perieardiiuu,  endoeardiuui,  and 
myocardium  are  involved  ;  and,  more  rarely,  the  pleura  and  the 
niembmnes  of  the  cord. 

Enlargemeut  of  the  lymphatic  glands  of  the  inguinal  (Ituhn) 
region  i.s  frequent ;  sometimes  it  tertuinatcs  in  sU|>])unition. 

Chronic  uretiiritis  is  usually  the  result  of  contiiuuilioii  of  tiu' 
acute  form.  It  may  present  itself  in  the  Wmu  of  a  chronic  catar- 
rlial  process,  as  a  hyperplastic  inflammation,  or  as  a  pixxluctive  or 
cicatrizing  form. 

In  the  catarrhal  form  of  chronic  urethritis  the  lesion  is  practi- 
cally the  .same  as  in  the  acute  disease.  The  ejuthi-liuni  is  loosened 
and  more  or  less  destjuaniated,  and  sometimes  distinct  erosions  are 
observed.  Ilefinite  ulcerations  may  occur  in  |>arts  liack  of  strict- 
ures. The  colunniar  epitheliuui  may  he  converted  into  the  squa- 
mous form  in  localized  areas  or  diffusely.  The  crypts  and  glantls 
of  the  mucosa  may  he  distended  with  desf|uaniated  cells  and 
more  or  less  periglandular  inflaiiutiation   may  he  observed. 

In  the  hypeq>lastic  variety  the  mucosji  is  ihiekeneil  in  a  jiapil- 
lomatous  manner,  and  difl'iise  catarrhal  inflauunation  is  assm'iatcd. 
I  The  productive  or  cicatrizing  form  is  the  most  important.  It 
*iay  be  diffuse  in  character,  but  is  usually  localized  and  Icails  to 
stricture-formation. 

Stricttire  of  the  urethra  is  most  frequent  in  the  menibriuious 
jwrtion,  but  may  occur  in  the  anterior  parts.  Not  rarely  there 
are  several  strictures  in  the  course  of  the  caiud.  Histologically 
the  stricture  is  the  result  of  pnxluctive  inflammation  i>f  the  mucosji 
and  submiK^sa.  It  is  therefore  a  lesion  of  slow  development,  and 
may  not  become  obstructive  for  months  or  years  after  the  acute 
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attack  of  gdtiorrlu'a,  to  which  it  owes  its  origin,  has  subsided. 
Tlic  IniiK'n  lit"  Ur'  mvthra  is  eneroaciied  upon  in  limited  anaot 
ll»r  a  cun.sidonibk'  distance,  and  on  section  the  stricture  is  found  Ui 
be  hard  and  resisting.  When  the  lumen  of  the  urethra  is  greatly 
narrowetl  the  outflow  of  urine  is  impeded,  and  hypertrophy  of  the 
walls  of  tlir-  bladcier  results.  Later,  dilatation  of  the  bladder,  and 
even  of  the  uruters  and  jielvis  of  the  kidneys,  may  result  The 
urethra  back  of  tlic  stricture  frequently  presents  the  lesious  nf 
chronic  catarriial  or  hyperplastic  urethritis,  the  obstruction  seniug 
to  prolong  the  original  inHammation  of  these  [Kirts.  Rupture  of 
the  urethra  and  extravasation  of  urine  into  the  cellular  tissues, 
with  subsequent  necrosis  and  gangrene,  may  occur. 

In  eiinsnic  uretliritis  tliere  is  usually  a  constant  but  slight  dis- 
charge of  nnicous  exudate  (ijltet).  Examination  of  this  may  dis- 
cover no  gi>nu(Micci,  or  only  an  iK-casional  gn)up.  The  urine 
contains  floceulent  siiretls  (clai>-tlireads),  which  on  microscopic 
exaniinatiou  are  found  to  i)e  granular  or  homogeneous  structores 
resembling  cylindroids,  and  often  cnvered  with  pus-cells  that  have 
adhered  to  tlie  surface.  Tiie  amount  of  discharge  may  be  quite 
copious  at  times,  es^weialiy  in  tlie  liy^nrplastic  and  catarrhal  furnB 
of  chronic  uretliritis. 
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rNJURJES   OF  THE  URETHRA. 

The  urethra  may  be  injured  by  traumatism  from  witliout  or 
witliin.  In  cases  of  falls  with  injury  of  the  perineum  the  mem- 
branous {K)rtion  of  the  urcthni  may  be  seriously  lacerated,  and  in 
women  injuries  sustaintnl  during  lalwir  may  cause  immediate 
rupture  of  tlie  urethra,  or  may  first  occasion  inflammator)"  and 
necrotic  changes  in  the  anterior  wall  of  the  vagina  and  sccondaiy 
perforation  of  tlie  urethra.  Injuries  from  within  the  urethra  luay 
be  due  t(t  forced  attemptis  at  catheterization  when  some  fomi  of 
obstruction  o]>poses  the  psissage  of  the  instrument.  '*  False  pa.*- 
sages"  are  thus  oceasionwl,  and  may  result  in  fistulre  and  extrava- 
sations of  urine.  Concretions  or  calculi  from  the  kidney  or  bladder 
may  lodge  in  tire  urethra,  and  may  cause  immediate  pert'oratifvn  or 
primary  inflammation,  with  secondary  rupture  of  the  walls. 

Rupture  of  the  urethra  causes  extravasation  of  urine  into  tk 
periurethral  cellular  tissues.  If  the  skin  is  intact  and  the  urine 
csmnot  escape,  widespread  inflammation,  necrosis,  and  gangn-nc 
are  liable  to  oc-cur.  Fistulous  communications  may  be  eatablished 
with  the  exterior,  or,  in  women,  with  the  vagina. 


INFECTIOUS  DISEASES. 

Gonorrheal  urethritis  is  the  important  infectious  disa* 
of  the  urethra.  For  convenience,  it  has  been  described  under 
Inflammations. 
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Tuberculosis  of  the  vesical  end  of  the  urethra  may  be  asso- 
ciated with  tiilierciiiosis  of  the  bladder.  Luj)Ui<  isortietinies  in- 
volves the  n>eatu:s  ami  anterior  end  of  the  iirftJirj  in  cases  of  lupus 
uf  the  external  genitalia  of  women.  Very  rarely  tuberculosis  of 
papillary  form  is  met  with  in  the  urethral  nnieosa. 

Sypllilis. — The  ehancre  may  oeeiir  in  anterior  parts  of  the 
Lirctkra  iu  either  sex.     It  usually  undergoes  rapid  ulceration. 

TUMORS. 

The  urethra  of  women  is  more  often  the  seat  of  tumors  than  is 
that  of  men. 

Small  polypoid  tumors  are  oeeasionally  seen  hanging  from 
the  meatus ;  they  may  he  of  cystic  ehanieter,  like  the  polyps  of 
other  mueous  memliranes. 

Carcinoma  is  usually  secondary  to  cancer  of  the  external 
genitalia  (vulva,  vagina,  glans  penis).  Primary  carcinoma  origi- 
oatiug  from  Cowper's  gland  has  been  described,  and  a  few  cases 
of  carcinoma  of  other  parts  of  the  urethra  have  been  observed. 

Cysts  of  the  mueous  membrane,  due  to  retention  of  the  con- 
tents of  the  .small  glands,  are  wcasitHiatly  met  with,  esiwcially  in 
the  posterior  portion  of  the  urethra.  The  inner  lining  of  the  evst 
is  elevatetl  in  the  form  ot'  papilhe  covered  Avith  squamous  epi- 
thelium. 

Sarcoma  of  the  urethra  has  been  described,  but  is  very  rare. 


I 


CHAPTER  VIII. 
DISEASES  OF  THE   REPRODUCTIVE  ORGANS. 

THE  UTERUS. 

Development  and  Anatomy. — The  uterus  is  formed  by  the 
fusion  of  the  middle  portions  of  Mutler's  duets,  the  fusion  first  oc- 
curring below  where  the  eervi.x  uteri  is  develojicd.  The  epithelial 
lining  of  the  ducts  gives  rise  to  the  mucosa  of  the  uterus,  and  its 
outer  layers  to  the  muscularis.  Tlie  utricular  glands  are  devel- 
ojhmI  by  ingrowths  from  tlie  lining  cells,  ami  first  appear  and  reach 
their  most  complex  development  in  the  cervical  jwirtion.  The  outer 
surface  of  the  cervix  (iiorfin  i-a;/iiifillti)  is  lined  with  stnitified  stjua- 
nious  epithelium  ;  the  cavity  of  the  uterus  and  eirvieal  canal  with 
cylindrical  ciliated  cells.  In  the  cervical  portiosi  are  fouml  nu- 
merous racemose  glands  and  between  them  simple  tubular  glands; 
in  the  corpus  uteri  the  glands  are  simple  tubtdes. 


658 


TEXT-BOOK  OF  PATHOLOOY. 


CONQENITAL  ABNORMALITIES. 

Absence  of  the  uterus  is  very  nire.  The  organ,  however,  may 
be  represented  only  by  ii  mass  of  rudimentary  tissue.  Hy])opliiia 
of  the  uterus  may  be  a  congenital  eomlition,  or  may  be  the  rwult 
of  arrested  development  and  the  consemient  failure  to  increase  in 
size  at  the  age  of  functional  activity.  The  term  uierug  fatalii  teu 
infarUilis  is  applied.  Stenosis  and  atresia  of  the  uterus  and  vapnj 
may  be  the  result  of  disease  or  maldevelopment*,  due  to  partial 
obHteration  of  Muller's  ducts. 

Among  the  more  striking  malformations  of  the  uterus  are  those 
which  result  from  incomplete  fusion  of  Muller's  ducts.    In  nor- 


Fio.  304.— uterus  blcornia  unlcoUIs  (Wlnckel). 

mal  development  tliese  ducts  imite  and  fuse  in  the  lower  portion 
to  form  the  uterus  and  vagina,  but  remain  separated  above,  where 
they  form  Fallopian  tubes.  Among  the  anomalous  conditions  of 
the  uterus  are  uterus  bicornis,  in  which  the  cervical  portion  of  the 


^'■^ 


Fio.  305.— Ut«ru«  sepliu  ^Cruvellliltr/. 


uterus  is  single,  or  two  entirely  distinct  uterine  cornua  arc  pr 
(Fig.  304) ;  uterus  septus,  in  which  the  external  appearance 
be  that  of  a  single  uterus,  but  on  section  a  septum  is  discove 
which  divides  the  organ  into  lateral  halves  (Fig.  305).     The  term 
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^M  unicornis  is  used  to  designate  cases  in  which  but  one  of 
Muller's  duct.s  has.  developed,  the  other  remaining  rudimentar)'. 
Malfbrmutions  of  the  vagina  may  be  aswx'iated  with  those  of  the 

I  Uterus  already  named,  though  tliis  is  rarely  the  case.  A  number 
Df  subdivisions  have  been  distinguished  for  each  of  these  raalforma- 
^ODB,  but  they  are  unimportant. 


ALTERATIONS  OF  POSITION. 


The  normal  ixjsition  of  the  uterus  is  one  of  slight  anteversion 
with  anteilexiou ;  that  is,  the  fundus  lies  a  little  farther  to  the 
front  than  the  cervix,  and  there  is  a  slight  band  or  flexure  in  the 
middle  ]Mirfi<in. 

Anteflexion  is  a  condition  in  which  there  is  marked  angula- 
tion of  the  uterus,  the  finidus  falling  forward.  Relaxation  of  the 
ligaments  pretlisjMjses  to  this  condition  ;  and  it  may  be  caused  by 
the  pressure  of  tumors  situated  posteriorly,  by  distention  of  the 
rectimi  with  gas,  by  the  traction  of  adhesions  and  by  abnormal 
conditions  of  the  uterus  itself,  causing  a  loss  of  tone  in  the  walls. 
The  grjide  of  anteflexion  varies  greatly.  Among  the  effects  of 
this  condition  is  interference  with  the  di.-oharge  of  menstrual 
blotxl,  with  cfinsequent  accumulation  and  intense  dysmenorrhea. 

Anteversion,  or  the  tilting  forwanl  of  the  uterus  without 
abnormal  angulation,  occurs  under  similar  conditions,  but  is  less 
in)jM)rtant. 

Retroflexion  of  the  utenis  occurs  in  cases  in  which  the  walls 
of  the  uterus  are  abnormally  soft  and  have  lost  their  tone.  It 
may  be  cause<l  by  the  pressure  of  tumors  or  the  traction  of  adhe- 
sions. .Sometimes  it  is  due  to  hal)itual  constipation,  causing  pressure 
of  masses  in  the  rectnm  ujion  the  lower  jMirt  of  the  uterus  (cervix) ; 
retroversion  and  subsequently  retroflexion  are  protluced.  Laxuess 
of  the  vaginal  walls  and  rupture  of  the  perineum  may  cause  this 
<ir  fither  abnormal  i)ositions  of  the  uterus  by  depriving  the  organ 
of  its  support  from  below  and  subjecting  it  to  the  unresisted  press- 
ure of  the  alxlominal  viscera.     The  degree  of  retroflexion  varies 

m  slight  angtdation  to  a  complete  backward  doubling  of  the 
The  fundus  may  undergo  considerable  congestion  from 
interference  with  circulation,  and  it  is  not  rarely  enlarged. 
Adhesions  b(tw<(n  the  ut<riis  and  rectum  are  frequent. 

I^ateral  displacetnents  of  the  utenis  are  rare. 

Upward  dislocation  may  be  caused  by  pressure  of  timiors 
in  the  j>elvis ;  it  may  be  <lue  to  the  traction  of  adhesions  between 
the  uterus  and  large  timiors  of  tlie  ovary.  In  such  eas<'s  the 
teruK  may  be  greatly  stretehiHl  and  the  vagina  may  be  similarly 
^ecteti. 

Prolapse  of  the  ntems  is  a  term  amdied  to  descent  or 
kiwuwanl  displacement.     It  is  {xissible  to  distinguish  any  num-> 
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ber  of  degrees  of  prolapse,  l)ut  it  is  sufficient 
incomplete  prolapae,  in  which  the  os  uteri  is  still  witiiin  the  vagina, 
and  complete  prolapse,  in  which  it  projects  thniugh  the  vulvi. 
The  causes  of  pmlapsi.' of  the  uterus  are  nunierous.  Injiirieslo 
the  jKJriueal  floor  ami  unusual  laxitv  of  the  vaginal  wails  or  the 
ligaments  of  the  uterus  are  very  inip<irt:int.  Traumatism  luul  ex- 
cessive pressure  upon  the  utorus  from  tlie  abdomen  may  caus*' de- 
scent of  the  organ,  especially  if  laxity  of  the  ligaments  was  pn'wiQt 
before.  Enlai^ment  of  the  uterus  itself  may  bo  the  cause  otpm- 
lapse,  and  in  any  case  the  organ  usually  becomes  enlarged  mar 
the  prolapse,  in  consequence  of  passive  congestion.  The  cen'ix  if 
generally  directeil  s<jmewhat  backward,  and  the  mucous  nierahrane 
frequently  presents  catarrlial  inflammation  and  oont:un.s  enliiiv<l 
veins.    The  cavity  may  be  fllled  with  considemble  mucous  secretiua 

In  some  instances  of  apparent  complete  prolapse  the  fundus  of 
tlie  uterus  may  be  but  little  displace*!,  the  great  descent  of  the  os 
uteri  in  such  instances  Wing  tlue  to  hypertrophic  eloiiyittifrn  of  dtt 
vaginal  jtortitm  of  the  cervix. 

In  all  cases  of  prolapse  the  anterior  and  posterior  walls  of  the 
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Fn>.  306.— Complete  pmlapge  of  the  atcm«  (t'cnroM.-). 

\'agina  are  displaced  downwanl  more  or  less,  and  sometimrs  nif 
be  completely  everted.  The  anterior  vaginal  prolajwe  may  dm* 
M-ith  it  the  posterior  wall  of  the  bladder,  and  cyfinctle  results 
Similarly  the  posterior  vaginal  wall  may  tlnig  down  the  antcriof 
wall  of  the  rectum,  and  reclocele  is  prwluced  (Fig.  30G). 


Fio.  307— Fibrolil  polyp,  producing  parU&l  inversion  of  the  uterus  (I'cnroM!). 

may  be  only  a  slight  inversion  of  the  fundus,  or  the  organ  may  be 
completely  invfrtod  nnd  may  pivwiit  itself  tlirouffh  the  vagina  and 
vulva.  Secoiidar}'  changes  are  apt  to  kccuf  in  Hiich  cases.  Tlie 
mucous  membrane  sutfers  cufiirrlial  iiitlaitiiuation  with  ulcerati(»n  ; 
and  the  entire  uterus,  though  at  first  perliaps  enlarged  by  eonges- 
tion,  subsequently  atmphies. 

STENOSIS,  DILATATION,  AND  RUPTURE. 

Stenosis  of  the  uterine  cavity  may  occur  as  a  ccmgcnitiil  con- 
dition, or  may  be  acquired  in  cases  in  which  inflammation  has 
led  to  cicatricial  stricture.  There  may  l>e  almost  complete  obliter- 
ation of  the  external  or  intenial  os  uteri. 

Dilatation  of  the  cavity  of  the  uterus  is  a  not  infrequent 
result  of  stenosis.  The  dilated  cavity  may  he  filled  with  mucus 
or  seromucous  .secretion  from  the  mucous  membrane  {hydrmndni), 
or  with  accumulations  of  menstrual  blood  {hematomeira). 
Occasionally  in  cases  of  hydrometra  secondary  decomposition  of 
the  litiuid  causes  gas-formation,  and  jtfii/mmdrn  results.  In  ca.ses 
rof  hematometra  the  amount  of  blood  in  the  uterine  cavity  may  be 
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very  considerable,  and  in  some  instances  rupture  of  the  wall  of  the 
uterus  is  the  result.  This  may  lie  simply  due  to  the  iucniisiif 
preasure,  or  it  may  result  frtnii  ii)flammati(jn  or  ulceration  at  the 
point  of  stenosis. 

Rupture  of  the  uterus  may  occur  during  pregnancy  or  labor; 
and  oc-casinnully  at  other  times  in  consequence  of  inilammatiom, 
abscess,  softened  tumors,  and  the  like.  The  most  frequent  awl 
serious  consequence  of  rupture  is  peritonitis.  Occasionally,  \rhai 
rupture  has  occurred  during  pregnancy,  the  fetus  may  be  enclosed 
in  a  sac  formed  by  circumscribed  peritonitis;  the  rupture  nuiyat 
the  same  time  heal.  Sub8ef|uently  the  fetus  may  be  disorganiati 
and  discharge  thnjugh  the  abdominal  wall.  This  is  a  very  unusual 
termination. 

Laceration  of  the  cervix  uteri  is  a  verj'  common  accident  of  labor. 

CIRCULATORY  DISTURBANCES. 

Hyperemia  of  the  uterus  is  a  physiologic  condition  during 
menstruation,  and  occurs  in  all  forms  of  acute  inflammation  oftlic 
organ.  Tfiere  is  no  essential  difference  between  mcn.strual  hyper- 
emia and  that  of  pathologic  conditions. 

Menstruation. — Examination  of  the  mucous  membrane  during 
the  period  shows  swelling  of  the  membrane,  with  multiplieatiuD 
of  the  int^Tglandular  cells  and  dilatation  of  tlie  lymphatic  diaii- 
nels.  The  uterine  glands  are  elongated  and  the  cells  more  or  le# 
swollen.  Congestion  is  always  conspicuous,  and  the  superficial 
epithelial  cells  are  desquamated  more  or  less  considerably.  In 
the    interval    between    the    peril mIs   regeneration  of  the   rauroos 

membrane  talkes  place.  The  tenn  rfy*- 
menorrhca  membranncen  is  applied  to 
abnormal  menstruation  in  which  mem- 
branous formations  are  discharged  from 
the  uterus  (Fig.  308)  and  in  which  there 
is  severe  pain.  The  membnincs  conast 
of  intact  portions  of  desquamated  cplk 
more  or  less  degenerated.  Cases  of  this 
character  are  particularly  prone  toocrur 
when  chronic  inflammations  of  the  mu- 
cosa have  existed,  and  the  affection  i» 
then  termed  endomdritiK  ejrj'oliaiirv. 

Passive  hyperemia  of  the  ufeni.' 
occurs  in  conditions  of  general  venou? 
stasis,  but  especially  when  disltK-ntion? 
of  the  utenis  cause  pressure  upon  tiie 
venous  plexuses.  The  organ  is  enlargwL 
the  veins  in  the  seroiLs  surface  ari- 
prominent,  the  mucous  membrane  is  dark  red,  and  when  tlie  con- 
gestion is  long  continued  chronic  endometritis  may  resiult 


j: 


Fio.  ms— Membrane  din 
ch*rge<l  In  membninoua  dya- 
menorrhea  (Penrose). 


DISEASES  OF  THE  REPRODUCTIVE  ORGANS.  663 

Hemorrhages  may  occur  iuto  the  uterine  cavity,  into  tlie  wall 
of  the  uterus,  or  int<i  the  perit<»iu'iini  outside  the  uterus.  Hemor- 
rhages during  menstruatiun  uinl  hi  lalxjr  art-  |)ltysiologie  forms. 
Pathologic  increase  of  menstnuil  hi'umrrhage  is  sjtoken  of  aa 
mcnorrhuffia,  whieii  iimy  oc<'iir  in  fcrtuin  general  diseases,  such  as 
anemia,  or  in  conseqiieiice  of  local  conditions,  notably  tumors. 
Intense  congestion  of  the  organ  from  cardiac  ilis<'ase  or  I'roni  mal- 
|x>sitioas  of  the  uterus  may  als<j  lead  to  hemorrhages  during  the 
menstrua!  periott.  Hemorrhages  between  the  menstrual  jK-riods 
are  spjken  of  as  rudrorrhafjiii.  This  may  be  caused  l)y  general 
ounditions,  such  as  the  hemorrhagic  diseases,  and  infections  (small- 
pox, etc.) ;  but  it  is  especially  freipiejit  as  a  result  of  local  diseases, 
of  which  fibroid  tumors  are  the  most  imjiortant. 

Hemorrhages  into  the  substance  of  the  uterus  are  rare,  and  are 
generally  due  to  traumatism. 

Hemorrhages  into  the  ijeritimcal  cavities  or  into  the  celhvlar 
tissues  in  the  vicinity  of  the  uterus  are  more  frequent.  Of  the 
intrajieritoneal  hemorrhages  the  most  fre<|uent  is  accumulation  of 
bloou  in  Douglas's  pouch  (retro-uU'riiu-  lifmotocele).  The  bloofl  in 
this  case  may  come  from  various  .sources,  such  as  mpturecl  ovarian 
follicles,  ruptured  tubes  in  tubal  pregnancy,  henuitfisalpinx,  or 
rupture  of  varicose  veins  in  the  brijad  ligament.  The  lilood  may 
become  absorbed  without  causing  other  [lathologic  results,  or  it 
may  set  up  inflammation  and  result  in  adhesions  between  the 
uterus  and  rectum.  Not  nirely  jierfbration  with  discharge  of 
the  blood  through  the  n'ctum  or  vagina  occurs. 

Hemorrhages  into  the  vesico-uterine  pouch  and  hematoma 
between  the  layers  of  the  brtjad  ligament  are  rare. 


I 


INFLAMMATIONS. 


Inflammation  may  affect  the  mucous  membrane  of  the  uterus, 
■when  the  term  nulmndrilix  is  applie<l,  or  ttie  wall  of  the  uterus, 
when  it  is  tcnneil  vnirili.f.  The  names  prriniftrit'm,  indicating 
inflammation  of  the  peritoneal  covering  of  the  uterus,  and  pfira- 
metritis,  inflammation  of  the  cellular  tissues  in  the  vicinity  of  the 
uterus,  are  unnecessary,  as  these  contlitions  are  simply  forms  of 
local  peritonitis.  For  pur]>oses  of  convenience  the  inflammations 
of  the  uterus  weurring  during  the  puerperiimi  will  be  separately 
considered.  Some  of  the  conflitions  here  described  as  iuHairima- 
tory  are  not  positively  of  such  nature,  though  no  shaqi  line  of 
division  can  be  drawn  between  the  infliuuraatory  and  the  hyper- 
plastic forms. 

Acute  catarrhal  endometritis  may  result  from  trauma- 
tism, or  from  infection  with  jnogenic  org.-inisms  or  gonococci. 
Occasionally  it  o<'curs  as  a  coniplieation  of  general  infectious 
diseases,  such  as  typhiMd  fever  and  cholera.  The  mucous  mem- 
brane is  swollen  and  iuteuscly  hyperemic;  very  often  small  hemor- 
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rhages  are  observed.  Desquamation  of  the  epithelial  cells,  witb 
mucopurulent  secretion,  causes  considenible  (liseliarji^e.  In  nidst 
oases  the  ImkIv  of  the  uterus  is  affected,  but  in  the  gonorriiwil  form 
the  cervical  jM>rtiou  is  the  most  frcrjucnt  scat.  Very  inten>*fiinu!- 
may  occasion  necrosis  of  the  epithelial  cells  and  the  foruiatiuii  »i' 
pseudoniemhranous  deposits.  This  is  particularly  freqnent  in  tl» 
infectious  fliseases. 

Chronic  endometritis  may  be  the  continuation  of  aoiite 
en<loruetritis,  and  is  esj)ecitilly  apt  to  occur  in  persons  of  rwluwf 
vitality,  such  as  scrofulous  or  chlorotic  women,  or  in  thiw*  in 
wliom  the  circulation  is  slufjgish.  The  influence  of  passive  cuo- 
gestion  has  already  been  referred  to.  Very  often  the  etiology  is 
entirely  obscure. 

The  nincnus  membrane  in  the  earlier  stages  is  simply  swollen, 
and  produces  abundant  mucopurulent  secretion.  Later,  Lv-per- 
plastic  changes  occur,  the  hyperplasia  affecting  either  the  uttriDt? 
glands  or  the  interstitial  tissue.  The  terms  endnmdriti*  ghiuiti- 
larls  and  ouloindritui  interatitia/is  have  been  applied  to  distinguish 
these  varieties.  In  the  former,  microscopic  examination  shows  an 
abundance  of  proliferated  glandular  acini  extending  through  the 
depth  of  the  mucous  membrane  (Fig.  309).     In  the  latter  th« 


Fto.  S09.—Ultui<lulax  endometritis 


glands  are  less  conspicuous,  but  round-coll  infiltration  and  8l)iiD- 
dant  coimective-tissue  hyperplasia  between  the  glands  are  (,•<«- 
spieuous  features  (Fig.  310).  In  some  of  the  cases,  jKirtirukrk 
in  those  of  the  glandular  form,  the  process  seems  more  ckisely 
allied  to  tumor-formation  than  to  innammation ;  and  it  is  vi-ry 
difficult  to  draw  a  sharp  line  between  some  forms  of  ademmia 
and  sarcoma  of  the  mucous  membrane  on  the  one  hand,  or  chnmic 
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Chronic  endometritis  of  the  cervix  is  frefjuently  seoomlan-  fr) 
infl:uiunati()iis  of  tin?  vagina,  and  may  bo  duo  tu  jronorrheai  infei-- 
tion  or  otlier  oaiisos.  Tlie  mucous  momljrane  of  the  cervical  caml 
is  greatly  tlii<'kone<l,  and  may  ]>rojoct  from  tlie  os  nteri  (ectni- 
pium).  Ill-ton tion-fiysts  of  the  Nalxithian  i;;lands  are  stimetiinrsa 
cons])icnous  foatiire  ;  and  cystic  mucous  jmlyps  are  not  unu.^ual. 

Chronic;  endometritis  may  load  to  clirnnic  metritis,  or  byexten- 
sioH  may  occasion  tubal  disease.  Clinicjilly  it  is  characterized  by 
more  or  less  eonstiuit  mueopnrident  discharge. 

Erosions  of  the  uterus  are  esjiecially  frequent  in  the  cervix; 
they  result  from  enilnoictritis.  The  mucosa  within  the  cer^'ical 
eaual  undergoes  liy]uT|)la.stic  changes  and  proJL-ets  from  the  m 
nteri  i]i  a  [xdypoid  form.  Between  the  papillomatous  projeciiwis 
cystic  formations  may  develop,  and  these  may  nipturc,  leaWng 
e.\|K)sed  ulcerations.  Granulation-tissue  is  developed  from  tbe 
submueosa,  and  sometimes  this  becomes  exuberant  in  character. 
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Fio.  812— Left  lateral  Inrerutinn  nf  ihi*  cervix,  with  CMelon  (Penrose). 

The  term  *'  erosion  "  is  also  a]iplied  tf»  areas  in  which  the  normi! 
squamous  epithelium  of  the  cervix  has  become  converte<l  into 
eyliiulrical,  or  in  which  the  cylindrical  epithelium  of  the  ImkIv  of 
the  uterus  has  extended  downwanl  to  the  cervix.  Other  era^oiis 
are  due  to  laceration  of  the  cervi.x  (Fig.  312);  and  occasioralW 
congenital  erosion  has  been  observed. 

Phagedenic  ulceration  of  the  cervix  has  been  described  as  u 
independent  disease.  Some  of  the  cases  are  un(hnibte<lly  instanca 
of  ulcerating  carcinoma  ;  in  other  eases  ulcerations  in  this  sitm- 
tion  have  been  met  with  in  which  microscopic  examination  shovrrd 
no  evidence  of  carcinomatous  tissue. 

Acute  metritis  is  rarely  met  with,  except  <hiring  the  putr- 
perium,  but  may  be  the  result  of  acute  endometritis.     The  wall 
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of  the  uterus  becomes  thickened,  soft,  and  edematous.    Occasionally 
punilent  iiifiUnitiou  is  oliserved. 

Chronic  metritis  f"rLi|Ui>iitly  occurs  in  the  puer})erium  as  a 
result  of  retarded  iuvolutiuu  of  the  uterus.  It  may  he  occasioned 
by  chronic  congestion  of  the  uterus,  or  may  he  secondary  to  chmnic 
endometritis.  The  uterine  wall  is  iutjltniti'd  with  round  cells, 
and  the  connective  tis.sucs  luulerf^o  active  hyperplasia,  which  in 
the  later  stages  leads  to  great  thickening  and  induration,  (.'oiuci- 
dently  there  is  usually  some  hypertro])liy  "f  the  muscular  elements 
themselves.  It  is  by  no  means  certain  that  all  of  the  cases 
grouped  under  this  term  arc  iuHanunatory  in  nature.  Some  are 
certainly  more  clt»sely  allietl  with  diffuse  tnnior-fnmiation.  The 
mucous  membrane  is  usually  thickened,  and  lieeomes  seeondartly 
involved  if  it  was  not  primarily  diseased.  The  peritoneal  cover- 
ing may  be  similarly  atteeted,  and  chronic  jwrimetritis  with  adhe- 
sions of  the  uterus  results. 

■  INFECTIOUS  DISEASES. 

Puerperal  Infections. — Tliis  term  may  be  apjilied  to  vari- 
ous forms  of  infection  occurring  during  the  piierjK*riinn,  but  in 
the  majority  of  instances  tiie  streptococt:us  is  the  specific  organ- 
ism. 

Etiology. — ^Two  im]Kirtant  factors  are  concerned ;  (a)  injuries 
to  the  surface  of  the  uterus,  vagina,  or  vulva  ;  and  (b)  sonu;  form 
of  infection.  The  more  or  less  denudetl  surface  of  the  uterus  of- 
fers a  ready  entrance  to  micro-org-anisnis,  as  well  as  an  absorptive 
surface  for  soluble  poisons  produced  by  raicrowtrgsuiisnial  decom- 
position within  the  uterus  ;  and  infection  may  take  place  without 
any  further  injury  than  that  (K'casiimed  by  tlie  normal  processes 
of  labor.  In  most  instances,  liowever,  there  is  actual  injury  either 
of  the  surface  of  the  uterus,  cervi.x,  vagina,  or  vulva,  and  the 
micro-organisms  or  poisons  arc  atlmitted  through  these  wounds. 
There  may  be  primarily,  however,  more  than  a  simple  injury  of 
the  mucous  suri;«ce.  In  consequence  of  prolonged  pressure  ne- 
crotic lesions  terminating  in  gangrene  may  first  be  I'Stablished, 
and  from  this  secondary  infw'tions  may  take  }>laee.  In  cases  in 
which  infection  occurs  without  injury  to  the  walls,  as  well  as  in 
cases  in  which  injury  has  Wen  sustained,  the  pathogenic  orgsinisms 
may  first  find  a  lodgement  ami  multiply  within  the  blood-clots  or 
retained  secundincs  within  the  uterus  ;  and  the  orgiinisms  or  their 
toxic  products  are  secondarily  arlmitted  to  the  uterine  tissues. 

Pucrpend  infection  is  probably  in  most  cases  the  result  of  the 
entrance  of  micro-organisms  fn)m  without,  and  may  be  traced  to 
want  of  cleanliness  on  the  part  of  the  accoucheur  or  the  surround- 
ings. Sometimes  widespread  ej)idemics  have  been  caused  by  the 
carelessness  of  a  single  obstetrician,  whose  hands  perhaps  had  be- 
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come  iiit'ectt'd  l'n>m  operating  upon  or  examining  cases  of  er 
general  pyemia,  or  the  like. 

Among  the  micro-organisms,  as  ha^  already  been  stated,  the 
Streptofijocus  pyogenes  is  most  important.  Staphylfx^occi  of  vari- 
iiiis  sorts,  bacilli  resembling  the  Bacillus  coli  communis,  the  bacil- 
lus nf  tetanus,  gonococci,  ami  other  organisms  ixx^sionally  infcrt 
the  puerperal  uterus,  but  in  these  instances  tlie  pathnliijric  I'omli- 
tions  are  dirt'erent  from  tiiose  met  with  in  ordinary  puerp«-nil  inlV- 
tiou,  wlu<;U  may  be  considered  as  practically  always  a  stn-plfKinric 
infection. 

Pathologic  Anatomy. — In  most  instances  there  Is  prinmrilyi 
lesion  upiiii  the  mucous  surface  of  either  the  uterus,  the  vagina,  nr 
the  vulva.  The  nature  and  extent  of  this  depend  upon  the  ittuoiiDt 
of  injury  occasioned  during  labor.  In  some  instancea  the  iiaion  u 
trivial  in  extent,  and  remains  ao,  though  widespread  infection  re- 
sults from  it.  In  most  ca.ses,  however,  there  is  a  rapidly  .spread- 
ing inflammation  of  the  endometrium  or  mucosa  of  the  vagina,  and 
pseudomembranous  deposits  are  very  frequently  met  with  upon 
the  surface.  Necrotic  and  gangrenous  changes  in  the  rauwus 
memljnuie  arc  most  pmniHinced  in  cases  in  which  prolonged  press- 
ure has  been  exerted  bv  the  head  in  its  descent  or  bv  instrumenU 

The  extension  of  the  infection  may  occur  in  two  ways,  eitwr 
through  the  blood-vessels  or  thnmgh  the  lymphatic  channels;  and 
the  liM'al  and  general  lesion.s  vary  corrosp<jndingly. 

■  In  cases  in  wliich  the  infection  spreads  along  the  blo<xl-vftsy:'L< 
there  may  be  primarily  septic  softening  of  the  thrombi  within  the 
uterus  and  purulent  phlebitis  of  the  venous  channels  at  tlie  pla- 
cental site.  Thrnmbosis  extends  from  this  situation  thrriu^h  tlir 
veins  to  the  various  plexuses  in  the  vicinity,  and  infefte<l  emlxili 
are  carried  tlirfjugh  the  circulation  to  distant  organs,  such  .is  tiif 
lungs,  the  kidneys,  and  the  spleen.  Mct.-istatic  abscesses  wid  in- 
flammatory swelling  of  the  affected  organs  result.  The  kidm-" 
in  particular  are  often  the  seat  of  numerous  punctate  or  milisrv 
abscessi's. 

In  the  cases  in  which  extension  o<'curs  along  the  lymplmtic  i 
channels  the  uterus  is  enhirgcd,  soft,  and  often  pultaceous.    Streais' 
or  lines  of  liglit  color  iiuty  bo  observed  running  from  the  inncous 
surface  toward  tiie   i)eriplierv.      These    represent  the  lympliatic 
vessels  fiiletl  with  pundent  exudate.     The  walls  of  the  lympliati»  i 
may  be  penetrated,  and  pcrilymphangitic  abscesses  are  thus  occa-j 
aioned.     When  the  process  has  extendefl  to  the  lymphatics  in  tlie  I 
outer  layers  of  the  uterus  phlegmonous  inflammation  of  the  ?iib-^ 
peritoneal  tissues  (parametritis)  results,  atid  finally  the  peritonemn 
itself  may  be  involved. 

The  spleen  is  enlarge<l,  though  less  decidedly  than  in  the  form 
in  which  infection  occurs  through  the  blood-vessels. 

Extension  along  the  mucous  membrane  itself  may  lead  to  i 
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>f  the  tubes 


frcqtu'iitlv  the  tubes ; 


I'aded 


ctatc<I  tlisoaso  <>t  the  tuljes ;  more 
at  tliL'ir  alwloininal  end  aftor 
p<Tit<^>nitis  has  (leveloiRHJ. 

I'uerpcral  sepsis  i«  jk-cu- 
liarly  virulent  and  rapid  in 
'\\»  couriic,  and  may  occaijion 
widespread  changes  in  all  of 
the  tissues  of  the  hixly. 

Tuberctilosis. — Tuber- 
culosis of  tlie  uterus  is  most 
frequently  met  with  in  the 
(tnuooug  membrane,  and  is 
usually  secondar)'  to  disease 
of  the  tubes.  Direct  infec- 
tion nmy  possibly  occur 
thrrMigh  coitus ;  but  is  cer- 
tainly rare.  The  disease 
occurs  in  the  form  of  a 
nodular  or  diffuse  inHltra- 
tion  with  a  tendency  to  rapid 
ulwration  or  caseous  necrosis 
involvine'  the  mucous  mem- 
brane anil  to  some  extent  the  submucosa.  The  entire  cavity  of 
the  uterus  may  be  covexed  with  caecous  and  necrotic  deposits 
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Fio.  SI4 DimiKO  tulicrculoola  (ulccratiTe  and 

ciuvous)  (if  tbo  eiiduiuetrluiii  (KauftjLatiD). 


Tm-  S13L— SCiUarr  taborcttlmb  of  tbe  Builumetrium  and  glandular  eodometritii  (Beyea). 

(Fig.  313).     In  the  later  sta^res  the  pro<.'ess  may  extend  di-eply, 
evea  involving  the  muscular  layer  of  the   organ.     The  cervix 
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is  mrely  attacked.     Soniftimcs  milian'  tubercles  are  found  in  the 
uterine  niufosa  without  iiiarkt'd  degenenition  (Fig.  314). 

Syphilis  of  the  cftvix  uteri  may  occur  in  the  form  of  a  cinn- 
cre,  or  as  t<.Tti;uy  infiltration. 

ATROPHY   AND  DEGENERATIONS. 

Puerperal  Atrophy. — Tlie  uterus  sutFers  a  most  remarkable' 

atropliy  following  l:iln»r.     Tlii.s  proceecls  very  rapidly  at  tiret,«nd| 
then  more  slowly  ;  and  under  iiivoralile  conditions  the  or^  n>  j 
sumos  its  prevnons  conilition  in  the  course  of  a  few  months.    Tht 
muscular  libers  deerciisf  progressively,  from  their  previous  hjper- ' 
troj)hinl  condition,  in  wliieli  they  frequentlv  attain  a  length  and 
diaiui'UT  three  times  the  normal,  until,  at  the  end  of  involutinn, 
the  usual  size  and  appearanees  are  attained.     Many  miisirle-til)eii 
undoubtedly  are  destroyetl.     The  prooes.s  of  iuvolutioa  ia  reallj 
one  of  fatty  degeneration. 

Senile  Atrophy. — The  uterus  underg<K»s  pntgrcssive  atrophv 
at  and  after  tiie  period  of  the  menopause,  and  finally  bccom« 
greatly  rediieeft  in  size.  The  sui)stanee  of  the  org;in  may  innli'n.'o 
a  progressive  selerosis,  or  in  other  instances  becomes  softer  than 
normal.  Catarrhal  endometritis  is  often  associated,  and  the  co- 
lumnar cells  are  sometimes  converted  into  squamous  epithelinm. 

Fatty  degeneration,  indcixnidcnt  of  that  which  occurs  dur- 
ing puerperal  involution,  is  a  rare  condition,  but  may  occur  Id  tiic 
coui'se  r)f  certain  infectious  diseases,  such  as  typhoid  fever,  or  ggv 
result  from  the  action  of  the  pirenelivma-poisons. 

Amyloid  degeneration  is  rare  and  unimportant. 


HYPERTROPHY   AND  HYPERPLASIA. 

Hypertrophy  of  the  entire  uterus  may  cn-cur  in  ass* 
with  iuHanmiJition  or  metritis,  or  may  result  from  chronic  conp*-" 
tion  of  the  organ.     The  enlargement  in  cases  usually  designate*!  as 
hypertn>phied  is,  for  the  most  jiart,  due  to  new-formed  eoDne<'ti«^ 
tissue.     True  hyperti-opliy  occurs  as  a  physiologic  process  dnrin^H 
pregnancy.     In  this  variety  the  Tuusele-fibers  increase  enornioiisij 
in  size,  and  doubtless  idso  multiply  their  number.     The  blooti-veii- 
sels  and  connective  tissues  underj^o  corresponding  liyjiertrophy. 

Hypertrophy  of  the  cervix  uteri  is  occasionally  met  witlij 
independent  of  hyjuTfropiiy  of  the  uterus  as  a  whole.     It  niav  i>< 
caused  by  chronic  irritations  of  the  cervix,  as  in  cervical  endoim* 
tritis,  or  mav  n^sult  from  ol)s<'ure  causes.     Frequently  it  is  tnii 
with  in  pniiapse  of  the  uterus,  and  sometimes  it  may  canse  •] 
simulation  of  prolapse. 

Hyperplasia  of  the  mucous  membrane  of  the  uterus  1 
been  referred   to   in   the  discussion  of  chronic  endometritis.    !■ 
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some  instances  that  are  designated  as  endometritis  the  jxithologic 
process  seems  to  be  rather  of  a  purely  hyperplastic  eliaracter,  and 
more  closely  allied  to  tnmor-furniation  than  to  ordinary  intfam- 
raation.  In  these  cases  the  mueoiis  niernhnme  in  all  parts  of  the 
uterus  raay  be  greatly  thickened,  and  may  siiifer  more  or  less 
papillomatous  tnuisronuation.  Sometimes  limited  portions  are 
att'ectcd,  and  polypoid  t'ormations  result. 

Polyps  of  the  uterus  may  be  of  various  sorts.  Very  eom- 
niotdy  they  present  themselves  as  simple  niueous  jjolyps,  due  to 
prv»jection  of  parts  of  the  niueous  meud)niue ;  in  other  oases  sec- 
omlary  changes,  such  as  eavenious  dilatation  of  the  blood-ve.«sels 
or  cystic  transformation  of  the  small  glands  contained  in  the  JK>lyp, 
occasion  markwl  variations  from  the  original  appearances.  Myo- 
fibromata,  sarcomata,  and  other  forms  of  tumors  originating  in  the 
mucous  membrane  or  just  beneath  it  may  assume  a  polypoid 
appearance, 

TUMORS. 

I/Ciomyoma ;  Myofibroma ;  Fibroid. — The  tumors  of  the 
uterus  designated  by  these  terms  are  in  nearly  all  cases  composed 
of  smooth  musele-tibers  and  fibrous  tissue  ;  and  from  the  patho- 
logic standpoint  the  term  myofibroma  is  therefore  most  applicable. 
They  present  themselves  in  the  form  of  rounded  and  usually  woll- 
ctreuniserihed  masses,  frfim  the  size  of  a  gnipe-seed  to  that  of 
tumors  weighing  forty  or  fifty  pounds.  They  are  gcnendly  mul- 
tiple ;  are  very  hard  ;  and  on  section  have  the  appearance  of  con- 
centric or  irregular  laniellse.  Mieroseo]>ically  the  tumor  is  com- 
pose<l  of  smooth  muscle-fibers  and  of  fibnms  tissue  arranged  in 
bundles  or  layere  running  in  various  directions.  The  muscle- 
fibers  are  frequently  found  arranged  concentrically  about  small 
blood-vessels,  and  in  .«ome  instances  the  vessels  are  telangiectatic. 

S<'condary  changes  are  very  common,  the  most  frequent  being 
calcification.  This  may  begin  either  in  the  center  or  at  the 
periphery,  but  more  commoidy  it  is  ditl'iise.  Rlema  of  the  tumor 
may  cause  it  to  become  (piite  soft,  ami  cystic  transformations  due 
to  softening  or  to  distention  of  the  lynq»hatic  spaces  are  sometimes 
observed. 

Several  varieties  have  been  distinguislied,  according  to  the  seat 
of  the  tumors.  In  some  instances  they  are  embedded  in  the  wall 
of  the  uterus,  when  the  term  interMitidf  or  mv ra I  fibroid .t  is  aj)plied 
(Fig.  .31.5).  In  other  cases  they  arise  in  the  uterine  walls  just  beneath 
the  mucous  memimine,  when  they  are  called  xnbmncotix  fihro'uh. 
The.se  may  gradually  project  into  the  cavity  t)f  the  uterus  us  fibroid 
polyps.  In  the  thir<l  group  of  cases  the  tumors  have  a  ituhpento- 
nenl  location,  and  may  project  from  the  outer  surface  of  the  uterus 
as  knoblKK^l  masses  (Fig.  31  (i),  which  may  become  pedunculated. 
Jn  Hire  instances  they  extend  between  the  layers  of  the  broa<l  liga- 
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Sarcoma  of  t)if  uterus  may  arise  from  tlic  muscular  laver  or 
from  tlio  endoinetriuiii.  Tluit  arising  from  the  ntyometrium  is 
usually  associated  with  nivimia  am!  tiliroma.  In  sdtiR-  cast's  the 
sarcomatous  elements  of  tlie  tumor  are  tieveloped  in  a  pre-existing 
myofihroma.  In  other  cases  the  sarcoma  ami  tibronia  are  <'oiiiei- 
deiitally  formed.  These  tumors  ditfer  from  tyj)ical  fihroiils  in 
being  more  nipid  in  growth,  less  well  eircuniscritied,  softer,  and 
more  homogeneous  in  apiieanim'e.  Sometimes  they  are  situated 
just  beneath  the  endometrium,  and  become  converted  into  nfircom- 
atoua  polifpg. 

Sarcoma  of  the  endometrium  may  occur  in  a  circnms<Til)cd  or 
papillomatous  and  in  a  difliise  torrii,  tlic  latter  involving  the  entire 
mucous  membrane  of  the  organ.  The  pa|iillnmatous  variety  is 
sotl  and  villous  and  highly  vascular.  In  some  cases  the  structure 
is  that  of  angiosarcoma.  In  the  diffuse  form  the  entire  eavitv  of 
the  uterus  may  he  filled  witli  soft  villous  projections  from  the 
mucous  membrane. 

A  special  form  of  sarcoma  l>as  Ijeen  described  as  oectirring  in 
the  vaginal  portion  and  cervix.  In  this  the  tumor  lias  a  gnipe- 
like  structure,  and  microscopically  consists  of  myxomatous  tissue 
with  areas  of  sarcomatous  character.  It  oecui's  in  young  persons, 
even  in  childhood. 

Adenoma. — Adenoma  may  occur  in  the  form  of  polvpoid  out- 
growths fnun  the  mucous  mendirane,  or  as  a  ditliise  jirocess  not 
readily  distinguishalilc  from  that  commonly  designated  as  endo- 
metritis glandularis.     Both  of  these  forms  are  benign. 

Malignant  adenoma  usually  arises  from  the  corpus  uteri, 
and  presents  itself  as  a  soft,  irregular  elevation  of  the  mucous 
membrane  in  a  Iwalizod  area,  or  ditt'usclv  involving  a  large  part 
of  the  endometrinm.  It  tends  to  spread  through  the  walls  of  the 
uterus,  invading  the  myometrium  ( Fig.  .'11 7)  and  finally  penetrating 
to  the  peritoneal  covering,  where  secondary  nodules  may  develoj). 
Histologically  it  is  characterized  by  the  pnxluction  of  atyjiical 
branched  gland-acini  with  c()m|)ar:itively  little  stroma,  the  latter 
being  of  soft  fibrous  chara<'ter.  The  tmnor  is  malignant  in  its 
tendency  to  invade  tlie  wall  of  the  titiTUs  ami  neighlioring  struct- 
ures, and  it  may  become  coinerted  into  actual  carcinoma  in  the 
later  stages.  In  such  instances  the  acini  in  jilaces  show  a  heaping 
of  epithelial  cells  and  a  tendency  to  destruction  of  the  basement- 
membrane,  with  prolifenition  of  the  cells  in  the  stroma. 

Carcinoma. — Carcinoma  is  the  most  fretpient  of  the  malig- 
nant diseases  of  the  uterus,  and  usually  invades  the  cervical 
portion  ;  more  rarely  it  arises  from  the  <Mirpus  uteri.  Carcino- 
mata  starting  on  tiie  vaginal  surface  of  the  cervix  are  squa- 
mous-cellcd  epitheiiomata  ;  those  originating  in  the  cervical  canal 
and  in  the  corjius  uteri  are  tnbtdar  or  glandular  carcinomata. 

Carcinoma   of  the   portio   vaginalis   n-uallv   begins   from   the 
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-Dlll'usc  concur  if  thi;  iiul'imetrlam  (Penrose). 

irregularly  ulcerated  surface.     Extension  may  take  place  to  the 

tissues  surrounding  the  cervix  nteruj 
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Iteration  may  i'*-tal)lif;li  coiumunications  between  the  vapina  and 
>la<lJtT  or  rwtiim.  Extension  upward  into  the  supnuaginal 
p<jrtion8  of  the  cervix  and  to  the  corpus  uteri  may  occur  through 
tJie  lymphatic  diannels,  or  by  direct  invasion.  Socondar>-  involve- 
ment of  the  lymphatic  glands  of  the  iliac,  lumbar,  and  inguinal 
frfjups  is  fretjiiont. 

Instead  ot  the  usual  indurated  and  ulcerating  form,  cervical 
•  pithcliomu  may  present  itself  as  a  cauliflower-growth — that  is,  as 
a  destructive  or  malignant  papilloma.  In  such  cases  it  is  likely 
that  the  growth  otlen  begins  as  a  papilloma,  causing  irregular 
flevations,  and  that  the  penetration  into  the  tissue  at  the  base  of 
the  growth  is  a  secondary  development.  In  the  later  stages  this 
form,  like  the  preceding,  uiidergiKS  ulceration.  Both  varieties, 
but  particularly  the  latter,  freijuently  cause  uterine  hemorrhages. 

Carcinoma  of  the  corpus  uteri  anrl  of  the  cervical  canal 
levelops  from  the  tubular  and  acinous  glands  of  the  mucous 
membrane.  It  may  begin  as  an  adenomatous  growth,  subse- 
luently  becoming  transformed  into  carcinoma.  Alacro.scopically 
he  growth  presents  itself  as  a  villous  or  jmpillomatous  thickening 
>f  the  mucosa,  either  localized  or  diRuse  (Figs.  318  and  319).     In 


►      Pio  Sm.— OinccT  of  tbe  bmly  of  the  aterui :  ■  Urge,  ilnxlc  cancerous  Dndalv  In  the 
Milcrlor  waU  l>u  buea  divided  (Fenrote). 

the  laUtr  stages  considerable  involvement  of  the  wall  of  the  uterus 
occurs,  and  even  |)erfoniti«>n  may  take  place.  Microscopically  the 
usual    ap|)earances  of   glandular  cancer  or  adenocarcinoma    are 

t discovered  (Fig.  320). 
[     Squamous  epithelioma  is  met  with  in  rare  instances  in  the 
corpus  uteri,  especially  in  women  of  advanced  years.     The  ex- 
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Fig.  320.— Glandular  cancer  of  tbe  cerrlz  uteri. 

C3r8t8. — Small  cysts  of  the  wall  of  the  uterus  may  be  itto- 
ciated  with  various  forms  of  tumors,  such  a.s  myofibromata;  and 
a  form  of  adenocystoma,  probaljly  originating  from  remnants  of 
the  W<jltfi!in  iliict,  has  been  described.  Dermoid  cysts  have  been 
occasionally  observed, 

PARASITES. 

Echinococcus-cysts  are  somi-times  met  with,  and  a  few  cases  of 
supposed  Cystieercus  celluloi*a?  have  been  described,  though  the 
nature  of  the  formations  was  uncertain. 


THE    OVARIES. 

Development    and    Anatomic    Considerations.— The 

ovary  and  testis  are  dpvelo])e<l  from  a  primary  indifferent  sexnal 
plaud,  which  is  indistinguishable  in  the  two  sexes.     This  indiffiT- 
ont  gland  i.s  formed  on  the  vcntn>-mesial  surface  of  the  \\  olfRaBJ 
body  by  a.  localized  thickening  of  the  me.sothelial  elements.    Thf  ] 
ovarian  stroma  is  subsefpiently  formed  by  ingrowths  of  the  sur-i 
rounding  meso<lcrni.     The  ovary  consists  of  a  stroma  of  jmis'uIu 
spindle-.shap*>dconnective-ti.«sue  cells.  In  the  central  or  medullar 
portion  the  tissue  is  highly  vascular :  the  peripheral  or  cornea 
part  contains  abundant  Graafian  follicles  in  which  tiie  ova  arc  lie 
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veloped.  These  follicles  are  fornieil  from  priman-  tubnlar  inden- 
tatidus  of  the  cuhoidai  or  eolunniiir  epithelium  that  covers  the 
organ.  These  indentations  are  the  tnbes  of  Pfluger.  After  full 
development  uf  the  ovary  they  are  wanting,  the  greater  part  by 
constriction  of  the  deeper  portions  havinj;  foniT'd  [iriinordial 
follicles.  The  ;(«yo(i/»/if);0(i,  a  vestifiial  strueliire,  is  the  part  of  the 
ovary  at  the  hilnm.  It  consists  of  connective  tissue  and  blootl- 
vessels  with  a  number  of  pandlel  tnbes  which  are  remnants  of 
the  Woltlian  body.  The  same  tubules  surrounded  by  connective 
tissue  extend  outward  between  the  layers  of  the  broad  ligament, 
constituting  the  jxirovnriiim.  yonietiraes  part  of  the  Wolffian 
duct  reiuains  patulous  and  constitutes  the  duct  of  Gartner.  This 
is  the  homologue  of  the  vas  deferens. 

P  CONQENITAL   ABNORMALITIES. 

Occasional  absence  of  one  or  both  ovaries  has  been  discovered 
with  other  developmental  defects,  or  independently.  Ili/pnplimia 
(H'curs  in  chlorosis,  and  occasionally  in  association  with  other  con- 
ditions. .Smietimes  Miptriiumerdn/  ovaries  have  been  found. 
The  additional  ovaries  nuiy  be  fonued  by  division  or  by  separa- 
tion from  one  of  the  normal  glands. 

B  More  or  less  extensive  dislocations  of  the  ovaries  mav  occur, 
the  most  notable  being  that  in  which  one  of  these  organs  descends 
into  a  hernial  s;ic,  occupying  citlier  the  inguinal  or  crural  canal. 
Dislocations  resulting  from  pressure,  adhesions,  and  the  like  are 

-irequent. 

■  CIRCULATORY   DISTURBANCES. 

Active  hyperemia,  or  congestion,  may  be  either  a  physi- 
ologic or  pathologic  condition.  The  former  occurs  during  the 
menstrual  pcrio<l,  the  latter  in  association  with  intlammation  of 
the  neighboring  structures  or  in  the  earlier  periods  of  inflamma- 
tion of  the  ovaries  themselves. 

Passive  congestion  is  met  with  in  chronic  canliac  diseases, 
and  as  a  result  of  local  nbstructions  to  the  circulation  by  tumors, 
inflammatfirv  adtiesions,  and  the  like. 

Hemorrhage. — Small  hemorrhages  into  the  ovarian  tissue  are 
verj-  freiiucut.  Their  occurrence  is  usually  sufficiently  accounted 
for  when  the  functional  activity  of  the  organ  is  considered.  At 
each  periodical  ovulation  a  small  follicle  ruptures,  to  discharge  the 
Biontents  containing  the  ovum.  Generally  there  is  a  slight  e.xtrav- 
'asation  of  IjIcmhI  at  such  times,  which  is  subsequently  absorbed. 
At  the  same  time  that  the  extnivasation  imd  absorption  are  taking 
jlace  the  inner  lining  of  the  follicle  proliferates  somewhat,  ana 
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Juteum.  Subsequently  this  is  removed  by  absorption  of  tlic  bIo(«l 
and  by  degeneration  and  absorption  of  the  proliferated  cilU 
of  the  lining  membrane,  luad  a  small  scar  alone  remains.  Tlit 
latter,  especially  when  more  tlian  usually  fil)rous,  is  known  a*  Uk 
corpiin  fibroKuiii.  This  is  coinniualy  a  little  pigmented,  in  cod*- 
quence  of  the  pre-existing  extravasation  of  blood.  Tlie  corpiB 
luteum,  which  is  developed  from  a  follicle  formed  at  the  timeuf 
impregnation  (corpus  luteum  of  pregnancy),  differs  somewhat  in 
character.  The  epithelial  proliferation  is  much  more  active,  and 
the  wall  of  tlie  fntlicle  is  intens«.>ly  congested.  Rapid  involution 
docs  not  take  place,  the  follicle  ohen  persisting  for  considerabk 
periods  after  the  terriiiiiation  of  pregnancy. 

E.\('e]>tioiially,  considerable  hemorrhages  may  take  place  into 
the  follicles,  and  small  hemorrhagic  cysts  or  cyst*  containing 
blood-stiiiued  liquid  may  be  formed. 

INFLAMMATION. 

Inflammation  of  the  ovaries,  or  oophoritis,  is  generally 
a  set^oiiilury  coridititui  restdting  fnjm  an  extension  of  inflaniiiiutioD 
from  the  neigliboring  rcHections  of  the  peri tx men m,  or  from  exttn- 
sion  of  infective  processes  along  the  Fallopian  tube.  The  exten- 
sion from  the  neighboring  peritoneum,  as  well  as  from  the  iitcnw, 
may  be  direct — that  is,  along  the  ])lanes  of  tissue  or  throngli  the 
lymphatic  or  vascular  cli;innels.  Acute  (xiphoritis  is  not  infre- 
quent in  various  forms  of  gi'iiend  infection,  such  as  typlmid  fever, 
pncinnoiiia,  influenza,  etc.    Priuiury  or)j)horitis  is  nrobalily  very  rare. 

The  ovary  becomes  enlarged,  and  in  the  earlier  stages  is  nuire 
or  less  congestctl.  Later  the  tissues  become  yellowish,  either 
unitormly  or  in  scattered  areas.  Finally  the  process  mav  termi- 
nate in  necrosis  or  absccss-fonnation.  Such  ovarian  al)sces!« 
may  reach  a  considerable  size,  and  break  into  any  of  the  hollow 
viscera  near  by  or  into  the  pcriton«al  cjivity.  In  moiv  favorable 
cases  there  are  only  small  collections  of  pus.  and  these  mav  subse- 
quently become  inspissated.  The  most  satisfactorj-  of  all  tcnni- 
tiations  is  in  complete  resolution,  or  in  induration  [chrome 
oopfioritM). 

Localized  inflammations  may  sometimes  occur  almnt  the  folli- 
cles. These  may  terminate  iu  follicular  abscesses,  which  either 
discharge  and  lead  to  scar-formation,  or  become  inspissated. 

INFECTIOUS  DISEASES. 

Tuberculosis. — Among  the  infectious  diseases  tuberculosis 
alone  is  of  importance.  It  may  arise  as  a  primary  disease  of  the 
ovaries,  but  much  more  frequently  is  secondary  to  inflammation 
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>f  the  tubes  or  other  parts  of  tlie  genital  tract.  It  may  give  rise 
»  the  fomiation  of  eiuall  or  large  cheesy  inasseis,  showing  a  len- 
iency to  softening  witli  formation  of  tubertuiloiis  aliscesses.  The 
)varie8  may  occasionally  be  the  seat  of  miliary  tuberculosis. 


P  TUMORS. 

The  ovaries  are  frequent  seats  of  tumors,  both  benign  and 
nalignant.     By  far  the  largest  proportion  are  cystic. 

Connective-tissue  Tumors. — Fibromata  may  occur  as  small 
lodular  growths,  either  single  or  multiple.  In  some  ca.scs  the 
;umors  are  of  considerable  .size.  Combinations  of  fibnjma  with 
leiomyoma  may  al.-*o  be  met  with  ;  these  wyofibromata  resemble 
those  of  the  uterus.     Occasiouully^'tj-osorcwnft  is  encountered. 

Chondroma  is  a  rare  form  of  benign  tumor. 

Sarcoma  may  occur  in  tlie  form  of  spindle-celled  sarcoma, 
fibrosarctima,  or  more  rarely  as  round-cell  sarcoma.  It  appears 
as  rounded  tumors  witli  more  or  less  pronounced  encapsulation. 
Degenerations,  such  as  myxomatous,  are  not  inlrequent,  and  cystic 
change  may  be  occasioned  hy  dilatation  of  the  follicles.  In  some 
cases  proliferations  of  the  walls  of  the  follicles  constitute  an  im- 
portant part  of  the  growth.  To  such  cases  tlie  iiatne  adenosarcoma 
may  he  applied.  A  ngiosarconiata  and  endotheliomata  liave 
occasionally  been  described. 

Cystic  Tumors. — Of  the  cystic  conditions  of  the  ovar}'  we 
mu.st  distinguish  the  ittmple  folUcidar  oyxtx  and  the  more  important 
myxoid  or  colloid  cystomata  and  dermoid  cyjffa.  Of  the  cystomata 
there  are  two  varieties — the  pnpillar\'  antl  the  glandular. 

Follicular  cysts  are  developed  Ijy  distention  of  the  Graiifian 
follicles  with  driDpsieal  licpiid.  The  ovary  niay  be  considerably 
enlarged  by  cystic  cavities,  lined  with  epithelium  and  containing 
clear  watery  liquid,  or  occasionally  blood-ting<'d  contents.  Cysts 
of  this  character  are  very  common  in  cases  of  induration  of  the 
avary  following  oophoritis. 

Colloid  or  Myxoid  Cystomata. — Colloid  or  myxoid  cystomata 
present  themselves  as  tumors  of  small  or  large  size,  having  a 
tendency  to  a  muItitocularcTstic  character.  The  cavities  are  filled 
with  a  more  or  less  gelatinous  or  mucoid  liquid.  Sometimes 
hemorrhage  takes  place,  and  the  contents  are  correspondingly 
iltere<l.  Two  subvarieties  may  be  distinguished  :  the  glandular 
md  the  papillary. 

Olandiilar  cystomata  are  distinguished  by  the  constant  prolif- 
eration of  the  ejjithelial  elements  in  the  form  of  acini.  Tliis  occa- 
sions a  multitocular  character,  new  cysts  sjrringing  from  the  walls 
of  the  original  cavity  or  apjiearing  within  the  substance  of  the  pri- 
mary tumor.  The  terms  adciiw-yifloma  and  cyKftxtdenomn  are 
appropriate.     The  timior  may  present   itself  as  a  large,  single, 
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rounded,  cyst  with  insignificant  projections  of  small  cysts  up>ii  tie 
inner  linint: ;  while  in  otiior  cases  there  is  i'ound  on  s«.i;tiou  a  iini- 
tiirm  miiltilociihir  charaettT.  Microscopically  the  characiorLrJin 
feature  ui'  tfiesc  tiiiMui-fi  is  the  formation  of  regular  giauil-adni, 
sliiiwiiig  a  single  layer  of  epith<-Hal  cells,  or  at  mi>^t  a  few  layers 
resting  iijxin  a  liaseinent-iiK'inl)rane.  The  stroma  of  the  tumor i) 
coniiKiseii  uf  tihriHLs  connective  tissue,  with  some  unstriped  raosclc- 
fibers.  The  contents  of  the  cysts  have  the  mucoid  or  colloid  cbr- 
acter  referred  to,  and  eheniieally  a  sulistance  is  discovered  thai  in 
absent  fniiu  simple  fullieiilar  cysts  of  the  ovary  and  is  les?  aljiin- 
ilaiit  in  papillary  eystomata.  This  siilistanee  is  termcil  I>^^'U(ll)• 
mucin  iir  pnralbiunin,  and  is  somewhat  related  to  miirin. 
Occasionally,  when  the  cysts  are  old  the  conteuts  may  be  quite 
watery. 

Cystoinata  soon  destroy  the  ovar\',  the  unaffected  ovarian  tissue 
being  spread  out  within  the  wall  of  the  cyst.  The  tiinior  ii 
attaebeil  in  tbe  pelvis  by  a  pedicle  consisting  of  the  bruaJ  liga- 
ment and  Falln]>i;ui  tube,  and  often  forms  secondary  inflammatoir 
aillu-sions  to  adjacent  parts. 

Glantlular  eystomata  arise  either  from  embryonal  resti?  (Pflnger* 
tubes),  or  fmni  ingrowths  of  the  surface-epithelium  of  the  urgan. 
It  is  geucrallv  considered  unlikely  tlmt  thev  arise  from  Gmafiaa 
fnllicles. 

Papillary  Cystomata. — Papillary  cysts  occur  in  two  forms 
the  one  closely  resembling  glandular  cystoma  in  its  general  app«r- 
ance,  the  other  presenting  itself  as  a  papillomatous  condition  of  th« 
surface  of  the  ovary.  In  the  former,  or  papillary  my.xoid  cy?to- 
mata,  large  cystic  tumors  are  developed.  On  section  through  tin's* 
there  is  found  a  papillomatous  or  cystic  proliferation  of  the  lining 
menil>raue,  but  the  tendency  to  the  formation  of  secondar\'  cystt 
is  much  less  ju-oiu^unced  than  in  the  glandular  varieties,  and  the 
fibrous  stroma  is  less  abundant.  The  secondary  cysts  in  thil 
variety  may  be  fiirmed  by  fusion  of  the  free  end.s  of  prohferat- 
ing  |>apillje,  or  In-  myxomatous  degenerations  within  the  stroma 
iif  the  pa|>illje.  The  lifptid  of  the  cysts  resembles  that  of  the 
glandular  form,  but  contains  less  pscudonmcin,  and  is  more  frr- 
fiuently  hemorrhagic.  On  micniseopic  examination  it  is  foaod 
that  the  inner  lining  of  the  cyst  and  the  papillary  projections  con- 
sist of  stratiHi'd  ciliated  epithelium.  Calcareous  VMMlies  arninp<l 
ill  a  concentric  fashion  (psammoma-bodies)  are  frequently  omt 
with  in  the  stroma,  as  well  as  in  the  epithelium.  The  same 
e;dciireous  liodies  are  occasionally  found  in  glandidar  cvstoniiitx 

The  papillomatous  ovarian  tumors  differ  from  the  glandular  in 
being  aliiu)st  invariably  bilateral  (Fig.  .321).  Their  origin  has  not 
as  yet  been  certainly  determined,  but  it  is  probable  that  thcyorijri- 
nate  from  the  pamophoron,  a  vestigial  remnant  of  the  parovariiiiu. 
iSorae  have  held  that  they  may  originate  from  the  Graafian  follicl 
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or  from   infjrnwfhs  of  the  surface-tpitlieliiini.     This  is  assuredly 
imt  11  frequent  orif^in. 

The  Piirface-jxijiilloinata  of  tlio  ovary  prt'st-nt  tht-mst'lvo-  as  ir- 
ppiihir  massi's  of  a  i-aiiliflowcr  appcanince.     Tiie  papilhe  of  pro- 
[ttions  arc  c-overpd  with  ciliated  epithelium,  us  in  the  cystic  form. 
["luTc   is  no  essentia!  ditferenee  in   stnictiire,  and  it  is  probable 


Ui»  cr.t ;  I 
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that  in  most  instanc-es  the  su|)erficial  forms  result  from  a  rupture 
of  the  cystic  variety  and  the  subsequent  external  proliferation. 

The  papillomatous  cystomuta  and  tlie  surface-papillomata  have 
a  marked  tendency  to  caix-inomatous  transformation,  and  tend  to 
tpread  to  the  peritoneum,  causing  metastatic  notlules  in  the 
vicinity  or  thronpliout  the  entire  abdomen. 

Dermoid  Cysts. — Dermoid  cysts  are  frequently  met  with  in  the 
ovary.  They  may  occur  as  small  ikmIiiIcs  or  as  very  larpe  tumors, 
ind  are  usually  unilateral.  The  larger  ones  substitute  the  ovarian 
jtvsue  completely  ;  less  commonly  they  may  be  pedunculated,  the 
ovary  in  part  remaining  intact.  Combinations  witli  glandular 
oystomata  are  not  infrequent. 

The  dermoid  cyst  is  a  smooth-walled  sac,  the  inner  surface  pre- 
enting  somewhat  irregular  projections  and  having  more  or  less 
>r<iiK>unccd  characteristics  of  epidermal  tissue.  The  cystic  con- 
[-ntfi  are  a  j)utty-like  material  of  grayish  color,  containing  long, 
)Ionde  hairs  an<l  teeth,  and  sometimes  ill-developed  bone.  The 
rrayish  material  consists  fif  fatty  detritus  containing  degenerated 
Epithelial  cells,  and  usually  abundant  ehole.sterin-crystals.  The 
wail  f>f  the  dermoid  cyst,  though  usually  in  the  main  comiKjsed 
of  ejtidemial  structure,  may  contain  elements  of  the  three  blasto- 
dermic layers.  The  dermoid  cyst  may  occur  in  ehildlutfKl.or  even 
in  fetal  life,  imt  usually  (hx-s  not  ]ires»nt  itself  till  adult  years. 

The  nature  of  the  tumor  has  not  been  certi'InN  iliti  rmined, 
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but  it  Is  quite  evident  that  it  represents  an  attempt  at  fhcfcr- 
mation  of  an  organism.  It  has,  therefore,  been  designajwl  bT 
some  as  a/oettu  injcetu.  Others  have  looked  upon  it  a«  the  result 
of  a  form  of  parthogenesis. 

Secondary  eliangos  not  infre<juently  occur.  Inflaramatoiy  wm- 
ditions  of  the  walls  may  occasion  abscess.  iSometimes  the  epitlH'- 
lium  proliferates  actively,  and  the  dermoid,  in  part  or  as  a  wlndt, 
is  converter!  into  a  carcinoma. 

Cardnoma.. — Carcinoma  of  the  ovar\-  may  be  a  priniftn 
growth  of  glandular  character  developing  from  the  follicles,  or  it 
may  be  of  a  mucous  or  colloid  variety,  when  the  ovarian  tiwUf 
becomes  converte<l  into  a  gelatinous  mass.  In  the  latter  caso  the 
tumor  tends  to  spread  to  the  adjacent  peritoneum,  and  widespread 
metastasis  along  this  membrane  may  occur. 

CYSTS  OF  THE    PAROVARIUM. 

Cysts  of  the  parovarium  may  be  consi«lere<l  in  this  pinw  on 
account  of  their  clinical  resemblance  to  ovarian  cystomat.i  |Fi<;. 
322).     They  are  distinguished,  luwever,  by  their  intraligaiucutoua 


Pio,  322. — Cyat  of  the  parovarium :  there  is  nn  dliitortion  of  the  ovar; .  the  FallopUa  tol* 
has  been  much  elongated- 

situation,  by  their  almost   invariably  unilocular  chiiracter,  and 
oeually  by  their  clearer  and   more  serous  liquid  contents.    The 
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Dvary  is  usually  uninjured.     Tlie  inner  lining  consisto  of  ciliated 
Bpitheliunx. 

CYSTS   OF   KOBELT. 

These  are  thin-walled,  itedunculuted  cysts  about  the  size  of  a 
pea  (Fig.  323).     They  are  frttjueutly  met  with,  and  are  seated  at 


Fig.  323.— FallopUn  tube,  UTary,  and  parovarium :  a,  byilatid  of  Morgagui ;  b,  cyat  of 
KobcU's  tube ;  c,  Oirtner'a  duct  (Ponroae). 

the  side  of  tlie  ovarj'.  The  wall  is  fibnnis,  the  linint;  membrane 
composed  of  cubical  epithelium,  and  tlie  contents  a  clear  serous 
liquid.  The  cyst  results  from  diHtentiou  of  one  of  Kobelt's  tubes 
in  the  parovarium. 

THE  FALLOPIAN  TUBES. 

Development  and  Anatomy. — The  tubes  are  formed  from 
the  upper  ends  of  Midler's  dtirts.  The  hiwer  ends  of  the  ducts 
fuse  to  form  the  uterus  and  vaj;ina.  Each  tube  is  covered  Ijy  a 
peritoneal  coat,  and  its  walls  consist  mainly  of  longitudinal  and 
circtdar  muscle-fibers.  The  mucosa  is  thrown  into  well-marked 
longitudinal  plications,  which  at  tlie  uterine  end  are  further  com- 
plicated by  secondary  elevations.  The  epithelial  lining  consists 
of  columnar  ciliated  cells. 

CONGENITAL  ABNORMALITIES. 

The  tubes  may  be  absent  or  may  be  defective.  Congenital 
itre.sia  is  occasionally  observed.  The  tubes  may  be  unusual  in 
length  and  may  communicate  with  tlic  uterus  in  abnormal  situ- 
ktions. 

CHANGES  OF  POSITION. 

In  dislocations  of  the  ovaries  the  tubes  are  correspondingly  dis- 
ited.     Independent  oi'  displacements  of  the  ovary,  the  tubes 
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may  be  distorted  or  pulled  out  of  their  usual  position  by  inflnm- 
matory  aflhesious,  and  niiiy  thus  be  bent  at  .sharp  angles  urbtjund 
diivvu  iti  various  malpositions. 

STENOSIS. 

Congeuilal  stenosis  of  the  tubes,  or  complete  closure  of  the  lo- 
men,  msiv  utlV'ct  the  entire  length  of  the  tube  or  a  limited  portion, 
]>riueipally  near  the  iui<ldle.  Acquired  stenosis  may  result  fmm 
pre-existiuj;  disease  of  tlie  tithe  itself,  or  from  adhesions  secoiwliiri 
to  lui-alizfd  piritiHiitis.  Tlie  most  frequent  situation  in  tlie«'  iu- 
stiuicus  is  the  abduuiiual  or  tiuibriated  end.  A  nam)wintr  "f  the 
lumen  of  the  tube  may  lie  oecasioiied  by  angulation  or  by  disliici- 
tions. 

DILATATION. 

Dilatation  on  tlie  prnxinial  side  of  obstructions  or  stenosis  is 
frequent.  The  dilatation  is  more  marked  when  inflammaturv'oiu- 
ditious  of  the  miteons  membrane  are  present.  The  alKloniinal  i\A 
of  till'  tube  may  erdar»:e  «»  as  to  form  a  cyst  of  ooiisideraijii-  n/., 
tilled  with  serous  or  si'iHimiieous  liquid,  when  the  middle  jxirtinn  i« 
stenotic.  When  the  lower  end  is  obstructe<l  the  entire  tube  lx~ 
comes  tlilated,  and  it  frequently  shows  a  tortuous  and  irrtT^larly 
|muchcd  condition,  due  to  it.s  attaehments  to  the  broad  ligannnt. 
Ill  such  instances  the  mucous  nicml)ra»e  is  pushed  inward  at  tb-; 
bends,  and  [imjects  prominently  into  the  lumen  of  the  tnW'. 
.Secondary  eiiangcs  of  the  cnithelial  lining  are  not  unusual  imiii)- 
sequcnce  of  the  irritation  of  the  retained  secretioas.  The  iiomd 
epithelium  may  be  wholly  lost,  an<l  tlie  lining  may  consist  of  sijiu- 
iiious  eiiithelial  cells.  Purely  intlammator)-  dilatations  mil  be 
referreil  to  Ijelow. 


CIRCULATORY  DISTURBANCES. 

Active  hyperemia  of  the  mucous  membrane  may  l)e  a  pMt 
of  acute  inllainmations  of  the  tabes,  and  is  very  frequently  found 
at  the  timbriatcd  extremity  in  a-ssociation  with  peritonitis.  The 
mucous  niembnme  is  swollen  and  bright  red  in  color.  There  may 
be  excess  of  tuueous  secretion. 

Passive  hyperemia  occurs  in  conditions  in  which  the  pn- 
enil  venous  circuliitiou  in  the  alj<lomen  is  im})eded. 

Hemorrhages  into  the  tubes  may  occur  physiologically  diirine 
the  menstrual  period,  and  sometimes  considcrjible  amountt^  uf  Mf"'' 
are  found  under  these  circumstances.  Small  hemorrhages  inl" 
mucous  nuMnbrancs  may  o<.'eur  in  association  with  inHamtnatim^ 
of  the  tubes  and  in  the  course  of  some  of  the  infectious  disi/a'r;'- 

Hematoma  of  the  tube,  or  the  collection  of  blood  in  ihf 
tube,  results  from  stenosis  of  the  lower  end  with  accumulatioP 


IHSEASES  OF  THE  REPRODUCTIVE  ORGANS. 


68.- 


of  the  menstrual  discliargfs  in  the  proximal  portions.  Tlie  l)loo<l 
may  remain  in  a  inoru-  or  less  natural  condition  fur  a  long  time, 
or  may  undergo  seeoiidary  i*liange.«.  Sometimes  it  discharges 
throujih  the  ahdominal  end  of  the  tiihe  into  the  peritoneal 
cavity,  and  leads  to  retro-uterine  hematocele. 

INFLAMMATIONS. 

Inflammation  of  the  tubes,  or  salpingitis,  may  he  acute  or 
chronic. 

Acute  salpingfitis  presents  itself  in  several  forms,  such  as  an 
acute  catarrhal  and  a  suppurative  form.     Tu  most  cases  the  inflam- 

.     n     jLLr^"  ■ 


Fio.  S34.— Aoote  lepttc  MlplniKitia :  aection  about  the  middle  of  the  tube  (Beyek). 

mation  results  from  the  entrance  of  irritants  from  the  uterus,  and 
be  tubal  ilisease  is  secondary,  therefore,  to  endometritis  or  to  other 
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disease  of  the  uterus.  Among  the  raionvorgnnism?  disoovcnd, 
streptococci,  .staphylocfx-ci,  the  gon<x;oocus,  the  Diphxrowiis  pneu- 
raonia;,  ami  the  Bacillus  coli  coniiniinis  may  be  mentioncii.  The 
infective  oi^nisms  may  extend  directly  along  the  mucoas  mem- 
brane, or  more  rarely  may  reach  the  tubes  through  the  lymphatics 
In  riiro  instances  salpingitis  may  be  secondar\-  to  local  ptritonitii. 
Pathologic  Anatomy. — In  acute  catarrhal  s;ilpingitis  llic  niiicoiu 
membrane  is  swollen,  hyjXTcmic,  intiltrati-d  with  rfjiind  cell?,  and 
coven>(l  with  mure  or  less  abumlarit  mucous  secretion,  which  mar  j 
distend  the  tube  considerably.     In  the  later  stages  the  secretion  ii 


Fio.  32S.— Chronic  Mlplngitl< :  both  FiilloplaD  tubes  are  cloied  ami  adbeieni  iPenioHl. 


apt  to   become    mucopurulent.     Interstitial    inflammation,  with 
thickening  of  all  of  the   layers  of  the  tube-wall,  is  fn'fjuontlv » j 
secondary  result.     In  acute  suppurative  salpingitis  the  walls  t'f  j 
the  tube  are  infiltrated  with  round  cells  (tig.  324),  the  mucous | 
surface  may  discharge  .abundant  pus,  and  the  tidies  may  become  j 
distended  with  this  exudate  if  the  alulominal  and  uterine  ends  are  j 
closed  by  the  intlainniatory  pnx;ess.     This  result,  however,  is  \fit 
frequent  than   in  the  case   of  chronic  sidpingitis.      The  miiraKM 
membnine  in  these  cases  is  intensely  inflame<l  and  often  slightlv 
ulcerated  upon  the  surface.     Sometimes  the  distention  is  so  great 
that  the  tubes  are  converted  into  pus-sacs  the  size  of  an  egg  or  I 
small  lemon.     In  case  of  acute  suppurative  or  necrotic  snipini.'itijl 
secondary  to  puerperal  sepsis  the  mucous  membrane  may  lie  wivon-d  I 
with  a  necrotic  mcndirane  ;  the  term  diphtheritic  galpingitit  I1.1S 
sometimes  been  applied  to  such  a  condition. 

The  exudates  within  the  tube  may  remain  for  a  long  time  witlt-j 
out  change,  or  may  undergo  gradual  inspissation,  ana  sometimetl 
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even  calcification  occurs,  ^^'llcn  i)lc(>rs  (if  the  mucous  membranes 
have  formed,  rupture  of  the  tube  and  cou:<e<'utive  peritonitis  may 
occur,  especially  during  straining  efforts,  as  in  ^abor.  Acute  local 
or  general  peritonitis  more  frequently  results  from  discharge  of 
infective  matter  from  tbe  abdominal  end  of  the  tube. 

Microscopically,  in  all  forms  of  sjdpingitis  extensive  round-cell 
infiltration  is  observed  in  all  of  the  layers  of  the  tubes, 
b  Chronic  salping^itis,  as  a  rule,  results  from  the  continuation 
'of  an  acute  form.  The  wall  of  the  tube  becomes  thickened  and 
the  muscular  layer  is  often  hyperplastic.  Pniliferativc  changes  in 
the  mucous  memiiraue  are  not  unusual,  and  may  lead  to  actual 
polypoid  outgrowths.  Occasionally  small  frdticular  furniatifma 
are  seen  in  the  mucosa ;  but  ulcerations  of  the  mucous  membrane 
are  infretpient.  When  the  inflammation  extends  to  the  serous  coat 
inflammatory  adhesions  are  frequently  formed  (Fig.  325),  and  may 
bind  the  tube  firmly  to  adjacent  part.s  and  occasion  great  conges- 


Fio.  326.— Hydrosttlplnx, 
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'.'1  Invenilon  of  the  flmbrin  (Penrote). 


tion  or  distortion.  Very  often  the  abdominal  end  of  the  tube  be- 
comes occluded  by  inflammatory  adhesions,  or  by  inversion  and 
agglutination  of  the  fimbria;.  At  the  same  time  the  swelling  of 
the  mucosa  obstructs  the  uterine  end,  and  in  consequence  the  tube 
becomes  a  closed  pouch  which  fills  with  pus  {pyogalpinx),  sero- 
purulent  liquid  (hi/'h-omfpuix)  (Fig.  ;126),  or  hemorrhagic  fluid 
(fiemnfomlpirijr).  Intercurrent  acute  salpingitis  frequently  takes 
place  in  cases  of  chronic  tubal  disease. 

INFECTIOUS  DISEASES. 

Tuberculosis  of  the  tubes  may  be  either  primary  or  sccond- 

and  is  probably  much  more  frequent  than  has  been  supposed. 

pcondarj'  tuberculosis  may  occur  in  tbe  miliary  form  in  associa- 

jon  with  tuberculosis  of  the  peritoneum  or  with  general  tubercu- 
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losis.  In  other  cases  secondary  tiihorculosis  leails  to  cais^)U8 
fihroiia  cliaiiges  in  the  walls  of  the  tubes.  Tiie  latter  bcooai^ 
greatly  tliiekened,  ami  microscopically  there  iri  ibiiiicl  a  diffu'* 
cellular  iiifiltnitiou  with  scattered  giaut  cells  and  here  and  ibcrc 
definite  tubercles.  The  fibrous  changes  progress  more  slowW, 
and  may  eventually  bi-eome  the  conspicuous  feature.  Primary 
tuberculous  salpingitis  is  similar  in  its  appearance  to  the  l«nu 
just  deseribi'd.  The  infection  may  occur  through  entrance  of  tlw 
organisms  at  the  uterine  end  of  the  tube,  and  eei-tain  obser\'atiom 
would  indicate  that  jire-existing  gonorrheal  salpingitis  pretlispisn 
to  secontlary  tuberculous  infection.  There  are  usually  considi-ralde 
adhesions  of  the  tubi's  to  the  neighboring  orgiins,  and  particiilarU 
to  the  ovary,  and  secondary  miliary  tuberculosis  of  tlie  peritoneum 


I 


Fio.  S27.— Tnbercnlosls  of  the  Kiilli>|iian  tiil«s.    The  dlnease  hu  extended  to  U»  |itilli)- 
nvum,  Htiich  Is  covered  with  tubercles  (Penrose). 

18  frequently  observed  (Fig.  327).  The  lumen  of  the  tul)e  is  filW 
witli  [)nrnleiit  liquid,  and  sninetinies  certain  iRirtions,  particuliirly 
the  abdominal  end,  may  be  greatly  distended,  forming  cysts  ««- 
taining  nurilonn  li(piid. 

Sypnilis  has  been  observe<l  in  the  form  of  gummata,  aml»l» 
in  the  form  of  diffuse  sclerosis,  in  cases  of  congenital  urigiu. 


TUMORS. 

Fibromata  antl  fibromyomata  are  met  with  in  tlie  exferoat 
walls  of  the  tubes  as  nodidar  masses.  They  frequently  underp' 
secondary  caleitieation.  Lipoma  occurs  in  the  external  cost 
lying  bftween  the  layers  of  the  broad  lig-amcnt. 

Papillomatous  elevations  of  the  mucous  membrane  art 
quite  frequent,  and  in  some  eases  a  tninsfVirmation  of  ])apilliiiiii 
to  carcinoma  takes  place.     Probably  most  instances  of  primaiy 
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carcinoma  of  the  Fallopiun  tubes  have  this  origin.  Secondary 
carcinoma  may  result  tram  extension  of  uterine  caneer. 

Sarcoma  occurs  in  \-iirir>us  furniii,  anti  syncytioma  malig- 
ItUU  may  atleet  tlie  tulies  after  tubal  pregiianey. 

Cysts  of  tlie  tubes  are  usiiiiUy  the  result  of  liR-alized  distentions 
•f  the  himen  in  consequenee  of  obstriietiuns.  Small  cystic  for- 
natioDS  of  obscure  orifjin  are  siimetimes  Ibuiid  in  the  peritfineal 
tovering  of  the  tubes  and  along  the  attrtcbment  of  the  iiroad  liga- 
ncnt.     Their  i-ontents  nuiy  be  eolhml  or  serous. 

The  hi/datidif  of  Morrjat/ni  are  small  cystic  formations  about 
he  size  of  a  pea,  liuugiufr  by  a  lonj;  policle  at  the  limbrijited  end 
»f  the  tube.  They  are  probably  the  result  of  distention  of  the 
;losed  end  of  Mullcr's  canal. 

Tubii-ovarlan  eifntn  are  formed  Ijv  distention  of  the  atidoniinal 
!nd  of  the  tubes  when  the  timbriuted  extremities  are  attached  to 
he  ovary,  or  in  other  cases  may  be  the  result  of  rupture  of  fol- 
icidar  cysts  of  the  ovaries  themselves  into  tl>e  abdomiuul  end  of 
he  tubes. 

EXTRA-UTERINE  PREGNANCY. 

Htiology. — Any  obstruction  t"  the  downward  migration  of  the 
»vum  may  lead  to  its  retention  and  devel()|)ment  in  abnormal 
dtmitious.  The  actual  cause  is  usually  difficult  to  determine, 
[mpregnation  possibly  frccpiently  takes  ]>iace  in  the  Fallopian 
xibe  ;  but  unle.ss  some  obstructiiui  arrests  the  pas.sagc  of  the  ovum 
nto  the  uterus,  nonnal  uterine  gestatitm  takes  place.  Swelling  or 
•apid  deeidua-formation  of  the  mucosa  of  the  tubes  may  be  one 
)f  the  causes,  and  chronic  silpingilis,  by  ciiusitig  destruction  of 
:he  cilia  of  the  epitliclial  cells,  and  thickening  and  adhesions  of 
:he  walls  of  the  tubes,  acts  in  a  similar  manner.  Any  other  form 
)f  obstruction,  as  by  tumoi"s  or  external  compression,  may  be 
inchukHl  among  the  ctiolugic  factors. 

Varieties  and  Patlioiog^ic  Anatomy. — All  eases  of  extra- 
Ucrine  pregi)au<'y  are  probably  in  tin'  beginning  tubal  pregnancies. 
This  condition  may  occur  in  any  part  ol'  the  tube.  It  is  rarely 
bund  at  the  uterine  end,  but  may  occur  there  in  that  ptrt  of  the 
nbe  which  is  embedded  in  the  wall  fif  the  uterus.  The  term  in- 
erstifht!  prrf/nnnrjf  is  ap]ilied  to  tiris  form. 

Tubal  Pregnancy. — The  changes  which  occur  in  the  tube  are 
analogous  to  those  met  with  in  the  uterus.  The  same  forms  of 
nembranes  and  deciduw  are  developed,  and  a  plaer'nta  develops, 
s  in  the  uterus.  The  museularis  of  the  tube  nuiy  hypertnipiiy 
omewhat ;  but  in  the  end  the  increasing  size  of  the  contained 
ivura  leads  to  thinning  and  stretching  of  the  walls  of  the  tube. 
'.t  18  an  interesting  fact  that  tlie  mucous  niendinitie  of  the  uterus 
brros  a  decidua  of  mon'  or  less  complete  developmeut  in  cases  of 
txtra-uterine  pregnancy  (Fig.  .328). 

44 
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Among  the  terminations  of  tubal  pregnancy  are  the  following: 

1.  The  tube  may  rupture    into   the  broad   ligament,  into  the 

peritoneal  cavity,  or,  in  cases  of  interstitial  pregnancy,  into  the 

uterus.     As  a  result  of  these  act^idents  hematoma  of  the  broad 

ligament,  hematocele,  and  Uxral  or  general  peritonitis  may  occur, 

•  OH0ftlO/f1«    VILK 


Fio.  S28.— Tub»l  propimni'v.  n'movnn  hftnre  rupture.    The  opening  that  bu  been  i 
the  tube  shows  th«  chorionic  villi  (Penroae). 

or  sudden  death  may  take  place  as  a  direct  result  of  the  hemor- 
rhage. Sudden  death  from  collapse  is  more  frequently  due  to 
this  oiuse  than  has  gcneniUy  been  supposed. 

2.  The  oviun  may  be  destroyed  in  the  tube  and  the  gestation 
cease.  In  this  case  the  fetus  subsequently  undergoes  various 
changes.  More  or  less  degeneration  usually  occurs,  and  shaplew 
masses  or  adipocere  may  result.  In  other  ceases  calcification  of  the 
remnanis  of  the  disorganized  fetus  leads  to  the  formation  of* 
lithopedion.  This  may  take  place  within  the  tube,  or  after  rupture 
of  the  tube  aud  enclosure  of  the  fetus  in  a  sac  formed  by  cin-uin- 
scribing  peritonitis. 

S.  Premature  discharge  of  the  ovnm  {tubal  abortion)  may  occur. 
and  the  gestation  may  terminate  without  serious  result*.  In  other 
cases,  however,  it  leads  to  a  discharge  of  the  blood  throngh  the 
unclosed  abdominal  ostium  of  the  tube  into  the  peritoneal  cavity; 
and  hematocele,  peritonitis,  or  sudden  death  from  hemorrhage  nut 
occur. 

4.  In  very  exceptional  cases  tubal  pregnancy  goes  on  to  full 
term  without   rupture  of  the  tube.      Spurious  labor  may  then 
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Drae  on,  the  fetus,  as  a  rule,  perishing.  The  liquor  amnii  is 
bsorbed,  aud  degenerative  changes  leading  to  nnininiifieation,  or 
le  formation  of  adipocere  or  of  a  lith<ipedion,  tnke  phice.  The 
lummilied  fetus  may  remain  for  many  years.  Very  rarely  after 
purious  labor  the  fetus  is  diweharged  into  the  peritonea!  cavity, 
ud  may  be  deliveretl  through  the  rectum  or  in  other  ways. 

Abdominal  Pregnancy. — This  term  is  given  to  eases  in  which 
lie  tul>e  hiis  ruptured  and  the  ovum,  enclosed  in  its  membranes, 
scapes  into  some  part  of  the  iihdominal  cavity,  wliere  it  remains 
ree  or  surrounded  by  adhesions  tlie  result  of  peritonitis.  The 
laeenta,  as  a  rule,  retuaius  in  the  tube  ;  but  it  may  also  establish 
Ec^)ndary  altaehmenta  to  parts  of  the  peritoneum.  Primary 
Ixlominal  pregnancy — that  is,  impregnation  and  gestjition  in  the 
bdominal  cavity — docs  not  seem  ever  to  occur. 


THE   VAGINA. 

PROLAPSE  OF  THE  VAGINAL  WALLS. 

Prolapse  of  the  anterior  or  posterior  wall  of  the  vagina  may  be 
lue  to  abnormal  relaxation  of  the  tissues,  or  it  may  be  secondary 
0  prolapse  of  the  uterus  and  similar  conditions  that  press  the 
'agiual  walls  downwanl.  Not  infrequently  the  posterior  wall  of 
he  bladder  is  dragged  downward  with  the  anterior  wall  of  the 
■agina,  and  voffinal  ri/docele  results.  Similarly  the  anterior  wall 
tf  the  rectum  may  be  carried  downward  with  tlie  posterior  wall 
tf  the  vagina ;   this  is  termed  vaginal  redocele. 


k 


STENOSIS  OF  THE  VAGINA. 


Congenital  stenosis  is  rare.  More  frequently  the  lumen  of  the 
'agina  is  narrow<'<l  by  contraction  of  cicatricial  tissues  formed  in 
aflammatory  diseases  of  the  walls,  or  by  a<lhesion  of  the  opposite 
urfaces  following  ulcemtions.  Complete  occlusion  may  occur  in 
he  latter  form  of  cases,  especially  in  old  women. 


¥ 


WOUNDS  AND  FISTUL/E. 


Injuries  to  the  vaginal  walls  may  be  caused  by  the  insertion 
f  sharp  bodies  or  instruments,  or  by  coitus.  Much  more  fre- 
uently  injuries  arc  due  to  stn'tehing  or  pressure  during  labor, 
luperficia!  lacerations  caused  by  overdistcntion  are  frequent,  but 
lore  extensive  injuries  may  be  caused  by  prolonged  pressure  of 
he  infant's  hea<l  or  by  in.strument8  used  in  delivery.  In  such 
ases  infection  and  phlegmonous  inflammation  are  prone  to  occur, 
nd  vesico-v.oginal,  nrethro-vaginal,  or  recto-vaginal  Ustulte  are 
ometimes  the  result.     The  urine  or  feces   may  be  discharged 
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through  the  vaginn,  and  often  cauBe  secondary  inflammations  of 
the  r-ntire  vaginal  mucosa. 

Similar  Kstulw  may  be  due  to  ulcerative  processes  of  other 
kinds,  to  necrosis  of  carcinomata  of  the  vagina,  or  to  diseases  of 
the  bladder  or  rectuni. 

CIRCULATORY  DISTURBANCES. 

Active  hyperemia  <K;curs  in  the  early  stages  of  inflamnnK^ 
tion.  The  nuiious  membratie  is  light  red  in  color  and  a  little  > 
swollen. 

Passive  kyperetnia  i.s  frequent  in  pregnancy  ;  and  occurs  in] 
consequence   of  jiressure   due   to  other  clauses,  such  as    uterine] 
tumors  and  the  like.     The  mucossi  becomes  swollen  and  edema- 
tous, aud  may  be  moist  friDni  increased  secretions. 

Hemorrhages  into  the  vaginal  walls  are  most  frequently  due 
to  tniuruatism.  Inflammation  and  ulceration  may  result  from  the 
hemorrhagic  extrava.4ation. 


INFLAMMATIONS. 

Acute  Catarrhal  luflammatiou,  Vaginitis,  or  Colpitis. 
— This  condition  is  frequently  due  to  gonorrheal  infection,  hut^ 
may  result  from  other  causes,  such  as  mechanical  and  chemical  [ 
irrit;uita,  or  in  young  girls  from  the  invasion  of  the  Oxyurisl 
vermicularis  from  the  rectum.  The  mucous  membrane  is  iisu-j 
ally  deeply  congested,  and  the  surface  is  covered  with  muco-J 
purulent  exudate.  In  gonorrheal  cases  the  cervix  uteri  and 
uretlini  are,  as  a  rule,  coincidently  atfected. 

Exfoliative  Vaginitis. — In  rare  cases  of  intense  catarrhal 
vaginitis,  in  which  the  deeper  layei-s  of  the  mucosa  are  principally 
inv<jlveil,  membranous  formations,  consisting  of  parts  of  the  super- 
ficial epitlielial  layers,  may  be  discharged. 

Pseudomembranous  vaginitis  may  occur  in  association 
with  various  infectious  diseases,  such  as  pneumonia,  pyemia, 
cholera,  etc. ;  but  it  is  more  frequently  the  result  of  pressure- 
necrosis  and  infection  occurring  during  labor,  and  is  one  of  thr 
lesions  of  puerperal  sejisis.  The  surface  of  the  vagina  is  more  or 
less  extensively  covered  with  a  dirty  and  exfoliating  j>seudon)eni- 
brane.  After  discharge  of  the  latter  ulcerations  are  often  forniod. 
Extensive  necrosis  of  the  vaginal  wall:?  may  occjision  great  "In- 
struction, and  in  some  instances  phlegmonous  inflammations  of 
the  perivaginal  tissues  may  cause  sejjaration  of  the   mucosa. 

Chronic  catarrhal  vaginitis  may  be  the  continuation  of  an 
acute  inflammation,  or  may  occur  in  a  gradual  manner  in  women 
reduced  in  vitality.  The  mucosa  usually  presents  appearances 
poniowhat  like  those  of  acute  cases,  though  the  congestion  is  If* 
marked.     Ahimdant   tnueopiirnlent  or  mucous  discharge  (^leucor- 
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rnea)  may  he  present.  Erosions  of  superficial  cpithi'liiini  and 
enlargements  of  tin;  Ivniplioiil  tbllicles  are  w»inetinu>s  olisi-rveti. 
In  long-standing  cases  the  surfaces  may  be  smooth  and  the  entire 
mucosa  somewhat  indurated. 

Kraurosis  vulvae  is  a  hyperplastic  condition  of  the  mucosa 
and  sulmiucDsa  of  the  vajrinu,  laiiia;,  snul  adjacent  part-s  of  the 
vulva.  The  nmcowi  of  the  atl'ected  areas  i.s  dry,  glistening,  and 
liarti,  often  tissured,  and  emiLractiniis  of  the  vaginal  mitlet  are 
common.  The  color  of  the  Mirliice  i.s  grayish  or  dark  red.  The 
profess  is  aliypcrplasia  of  the  connective  tissue  of  obscure  etiology, 

Hlephantiasis  of  the  lahiie  or  clitoris  may  Ite  congenital,  or 
may  result  from  local  inHaiumatory  conthtions  or  ohstructions  of 
the  lyniph-cliannels.  The  aflcetcd  parts  are  sometimes  enormously 
enlarged.  The  surface  is  smoolli  or  nodular  and  is  gelatinous  or 
hard  in  consistency.  As  elsewhere,  the  histology  is  that  of  a 
fibrous  overgrowth  with  lyniphectasia. 
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Tuberctllosis  may  occur  in  tlie  form  of  ulcers  associated  with 
uterine  tuijerculosis,  or  in  the  form  of  Iiii)us  from  extension  of 
the  latter  from  the  vulva. 

Syphilis. — Chancres  may  occur  in  any  part  of  the  vagina, 
and  cir«um8<Tibe*l  (gummatous)  or  diffuse  infiltnUions  have  been 
described. 

TUMORS, 

Fibroma  and  myofibroma  may  arise  in  the  muscidar  layer 
of  the  vaginal  wall,  and  may  project  as  nodular  masses  or  assume 
a  polypoid  form. 

Sarcoma  may  occur  as  a  circumscribed  mass,  but  more  com- 
monly as  diffuse  infiltration  which  tends  to  idccrate. 

Papillomata  are  not  infrequent,  in  the  form  of  small  warts 
or  as  consi(lcr;d>ly  elevated  condylomata. 

Carcinoma  of  the  vagina  is  most  fretpiently  secondary  to 
cervical  cancer.  Similarly  it  may  follow  cancer  of  the  vulva. 
Primary  carcinoma  of  the  vagina  is  rare.  It  occurs  in  the  form 
of  a  circumscribed  villous  proje<'tton. 

Cysts  of  the  vaginal  walls  vary  in  size  and  number.  Fre- 
quently they  are  multiple,  and  the  size  ranges  from  scarcely  dis- 
coverable cavities  to  those  the  size  of  an  egg.  The  contents  are 
usually  serous  and  colorless,  or  less  frequently  of  brownish  color. 
In  some  instances  a  flat  epithelial  lining  has  been  discovered. 
The  origin  of  these  cysts  is  probably  variable.  Some  seem  to 
arise  from  remnants  of  the  lower  end  of  the  Wolffian  duct ; 
others  are  probably  lymphangiectatic  The  mnltiple  small  cysts 
sometimes  occurring  in  pregnancy  are  due  to  follicular  distentions, 
or  to  small  hemorrhages  with  subsequent  cystic  ctmnge. 
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THE  DECIDUA,  PLACENTA,  AND  FETAL  MEMBRANES. 

Anatomic  Considerations. — The  fetus  is  enclosed  within 
a  delicate  filinms  membrane,  the  amnion,  and  this  is  covered  with 
a  secf)n<l  nieinhnine,  the  chorion.  After  the  deposit  of  the  o\'iim 
in  the  utt- nis  the  mucous  membrane  of  the  latter  undergoes  a  fonn 
of  liyperjjlasia,  in  which  the  uterine  plands  and  the  blood-veaadi 
take  part  conspicuous]}',  and  tluis  the  orjjan  becomes  lined  withi 
thickened  mucosa.  Tlie  latter  is  termed  the  decidua  tera.  A 
reflection  from  this  covers  the  fetus  enclose<l  in  its  menibrsue*, 
the  reflection  betntr  known  as  the  tievidun  rrjfejrfu  At  alntut  the 
fifth  month  of  development  the  decidua  retlexa  and  the  dt«iiiii» 
verj.  unite  and  fusi^.  The  jwrtion  of  the  decidua  vera  at  which 
the  placenta  is  subsequently  located  is  termed  the  decidwi  gmiiva. 
In  this  jKjrtion  the  vascular  system  is  particularly  markwl,  and  ii 
composed  of  large  venous  sinuses  witli  thin  walls.  The  fetal  cho- 
rion carries  on  its  outer  surface  numerous  small  projections,  or 
villi.  In  the  region  fif  the  decidua  serotina  these  villi  underg" 
marked  hyperplasia  and  bury  themselves  between  the  venoiiB 
sinuses  of  the  decidua.  At  the  junction  of  the  villi  and  the 
tjetndua  two  layers  of  cells  are  developed.  The  first,  immcdiati-lv 
covering  the  villi,  consists  of  cubical  epithelial  cells  (I^ngliiui'i 
cells).  (Jiitside  of  these,  and  uniting  the  villi  with  the  mati'nial 
tissue,  is  a  layer  of  dear  protoplasmic  material  containing  larui' 
nuclei.  This  has  the  app<'ar;tnce  of  nucleated  protoplasm,  nithor 
than  that  of  collections  of  cells  of  definite  outline.  This  pmti>- 
plasniic  lnyev.  .ii/nci/fium,  is  probably,  like  Langhan's  cells,  derive*! 
from  the  covering  of  the  chorionic  villi  though  sotue  authorities 
contend  tliat  it  is  maternal  in  origin. 


ABNORMALITIES  OF  DEVELOPMENT. 


The  Placenta. — Aluinrmal  smallness  of  the  placenta. 
hypoplasia,  and  nbuormal  largeness  are  occasionally  observtHL 
More  frequently  an  adventitious  jdaeenta  (placenta  ftiiorenturitilii] 
may  be  attiicbed  to  the  main  placenta,  or  may  lie  near  it.  Abnor- 
mal location  of  the  idacenta  at  or  near  the  neck  of  the  titerm 
(plucrnta  prario)  is  an  imjwrtant  condition,  from  its  liability  to 
cause  hemorrhage  and  miscarriiige. 

The  TJmbilical  Cord. — Occasionally  the  cord  is  divided  oaf 
its  placenta!  end  into  two  or  more  branches.  The  placenta  may 
be  correspondingly  divided,  or  single.  The  attachment  In  the 
placenta  maybe  marginal  instead  of  central,  and  .=.ometime#  the 
blood-vessels  spread  out  into  a  broiid  marginal  attachment,  with 
absence  of  their  gelatinous  covering.  The  latter  is  termed  r<V"- 
mentoim  insciiinn. 

Abnormalities  of  the  blood-vessels,  such  as  branching,  n  singl* 
artery,  two  veins,  etc.,  arc  unimportant. 


I 
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Twists  ant]  knots  of  the  eonl  arc  frrqticnt,  and  may  strangulate 
the  conl  aiui  stop  the  circulation,  causinfr  tleath  of  the  fetus. 

Thickening  of  the  intinia  of  tlie  umbilical  vein  and  of  the  ad- 
ventitia  of  the  arteries  is  prohalily  syphilitic  in  nature. 

CIRCULATORY  DISTURBANCES. 

Hydrorrhoea  gravidarum  is  a  comlition  in  whieh  abundant 


that  turliid  li 


eted  from  the  decidi: 


serous  or  some\ 

The  condition  occurs  in  women  suffering  from  general  anemia,  but 

I  is  prubaljly  <hie  to  locsil  comlitious  within  the  uterus.  Abortion  or 
miscarriage  is  n<it  unusual. 
Hemorrhages  fn)m  the  dccidua  or  into  the  decidua  and  pla- 
centa are  not  iufreijucnt.  Heiuorrhages  from  the  surtace  may  be 
due  to  preceding  decidual  disease,  or  may  be  obst^ure  in  origin. 
Large  hemorrhages  nuiy  cause  rapid  discharge  of  the  uterine  eon- 
tents.  In  cases  of  that  abnormal  i«isitiou  of  the  placenta  called 
•  placenta  prsevia  hemorrhages  arc  frequent. 
Fleshy  moles  is  the  term  used  to  designate  formations  in  the 
deciduje  antl  placenta  resulting  from  gradual  hemorrhage  and 
destruction  of  the  ovum.  The  hemorrhage  takes  place  in  the 
de<Mdua,  and  then  extends  between  the  chorionic  villi  into  the  fetjil 
membranes,  which  may  lie  more  or  less  extensively  torn  apiirt. 
Irregidar  masses  of  clotted  blotxl  attached  to  the  placental  site  and 
to  the  chorii»n  are  discovered.  The  auuiiotic  cavity  contains  vi.s- 
cid  fluid  and  the  ovinn  is  more  or  less  completely  disorganized. 
Sometimes  no  recognizable  remnants  can  be  found.  The  moles 
may  be  retained  a  long  time,  and  may  undergo  secondary  calca- 
reous infiitratirui.     Usually  they  are  sfxin  disi'hargetl. 

Placental  Infarcts.-^This  term  is  a|)]>lied  to  light-tudored, 
more  or  less  indurated  areas  met  vvitli  in  the  placenta,  dccidure, 
and  sometimes  iu  the  chorion.  The  nature  of  tnese  formations  is 
still  somewhat  uncertain,  Tiiev  are  eonnHjse'd  of  fibrin,  of  reticu- 
lated or  gramdar  character,  with  occasional  areas  of  scd'teiiing  and 
■  hemorrhagic  accumulations,  auti  arc  not  rarely  surrounded  by  a  zone 
of  cellular  infiltration.  Some  of  these  "  white  infarcts  "  may  be 
onlv  an  exaggeration  fif  the  normal  coagtdation-necrosis  occurring 
toward  the  end  of  pregnancy.  Wlieu  they  are  extensive  it  is  very 
probable  that  they  represent  results  of  disturbances  of  circulation 
caused  by  thickening  of  the  walls  of  the  blood-vessels. 


I 


INFLAMMATION. 


Inflammations  of  the  placenta  ( jtfncentitifi),  of  the  chorion  villi, 

or  of  the  decidua  (nidonuii-itix  diviihuiJu)  may  occur  iu  association 

■with  preceding  diseases  of  the  uterus,  and  especially  in  eases  of 

fi>'philis  of  the  mother  or  fetus.     The  inflammation  takes  the  form 

f  cellular  infiltration  and  induration.     This  may  begin  in  the 


I 
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decidua  and  extend  to  tlic  placenta,  and  may  be  of  a  iliffusr  nr 
circuniscribetl  character.  The  villi  of  the  placenta  may  \k  pfslW 
compressed  by  the  inflammatory  tissue,  and  may  suft'er  fattjr  il^ 
generation  and  atrophy.  In  other  cases  the  inflammatory  changw 
are  most  pronounced  in  the  walls  of  tlie  blood-vessels  and  aPiuiiii 
the  vessels  of  the  chorion  and  umbilical  cord.  Xwlular  ihickenin? 
or  diftuse  induration  results,  the  latter  es[>ecially  in  cases  in  which 
coincident  involvement  of  the  chorionic  villi  has  occurred. 

Diffuse  hyperplasia  of  the  decidua  is  sometimes  describeda* 
endometritis  decidualiji.  The  inflammatory  nature  of  such  cua, 
however,  is  uncertain. 


INFECTIOUS   DISEASES. 

Tuberctllosis  of  the  plawntu  was  sus()ecte<l  as  a  possihlccon- 
diti<in  long  befitro  positive  tlenionstrutions  were  made.  In  rwnt 
years,  however,  a  number  of  untloubted  cases  have  been  descrilK<l. 
Macroscopically  there  may  be  but  little  change  in  the  appcaniuce 
of  the  affected  parts. 

Small  tubercles,  containing  abundant  giant  cells  and  tubercle 
bacilli,  first  appi-ar  in  the  decidua  serotimi,  and  later  inv.-jile  llie 
placental  and  chorionic  tissues  between  the  villi.  The  epitlielial 
covering  of  the  villi  undergoes  hyjK'q)lsu5ia,  forming  coUeclioiii*  of 
large  cells.  In  the  later  stages  of  tlie  process  caseous  necrosis  of 
the  tubercular  structures  takes  place,  and  the  villi  themselves  suf- 
fer inva-sion  and  degeneration.  Their  bhxxl-vessels  are  frequwillf 
occluded  by  hyaline  thrombosis  and  proliferation  of  the  endtnlit'lial 
lining.  Tubercle  i»a(*illi  have  been  demonstrated  in  the  vespt'ljof 
the  fetal  side  of  the  placenta,  though  less  frequently  and  abund- 
antly than  in  the  maternal  vessels. 

SjTJiiilis  of  the  jilacenta  may  take  the  fonn  of  a  diffuse  hTp«^ 
plasia,  or  i>f  a  no<luhir  or  gummatous  process.  The  placenta  is 
enlarged,  indurated,  and  heavy  ;  it  is  light  coloretl  in  localized 
areas  or  diffusely.  Microscopically,  cellular  proliferation  .«prinf^ 
ing  fnjm  the  adventitia  of  the  blootl-vessels  is  the  chanictoristic 
feature.  The  epithcliiil  cells  covering  the  villi  may  proliferate. 
and  fatty  degeneration  of  the  bo<ly  of  the  villi  is  not  infrequent. 
The  chorion  and  amnion  may  lie  diffusely  thickened.  The  syphi- 
litic nature  of  cases  confonning  with  the  above  des<?ription  isollcn 
iloubtful,  as  is  also  the  nature  of  some  of  the  cases  of  placcntitu 
that  are  often  described  as  syphilitic. 


I 


i 


HYPERPLASIA. 


Occasionally  diffuse  or  circuiriscribed  thickening  of  the  dccii^M 
occurs  in  association  with  chronic  metritis;  the  term  rnfinmiintii ^ 
decidiuxtis  is  applied  to  this  condition  (see  Inflammation). 

Placental  Polyps. — Portions  of  the  decidua,  and  espcciaUri 
the  placenta,  retained  in  the  uterus,  may  remain  firmly  attaclKuJ 
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and  may  undergo  subsequent  proliferative  cliangc,  forming  poly- 
poid tumors  of  adenomatous  gtrueture.  These  are  particularly 
fri'cjiient  after  abortion. 

Destructive  Placental  'Polyps. — Lilio  tlie  precedinfi,  these 
originate  in  retainftl  portions  of  tbe  placenta,  but  ditler  in  the 
more  active  proliferative  elian^es  that  take  place.  On  the  uterine 
surface  they  are  covered  with  fibrin  and  bloo<]-cU)ts,  and  at  their 
attachments  are  comp<jsed  of  variously  formed  cells,  inchiding 
larj^e  epithelium-liiic  cells  enclosed  in  a  vascular  stroma.  The 
growth  may  involve  the  uterine  tissues  to  a  considerable  extent. 
Its  nature  is  obscure  in  some  particulars,  but  resembles  that  of  the 
syncytioma. 

Hydatid  moles  present  themselves  as  rounded,  rather  trans- 
lucent Ijodies  liauginfT  by  their  ]»cdiclcs  to  tlie  outer  surface  of  the 
chorion,  and  often  attached  one  to  another  in  clnster.«,  resembling 
a  bunch  of  }rn«jMs.  Microscojiically  they  arc  I'ound  to  be  composed 
of  myxomatous  or  more  or  less  edematous  fd>rous  tissue  containing 
few  cells  and  free  nuclei,  and  covered  in  the  outer  surface  by  epi- 
Uielial  cells  (Fig.  329).     The  nature  of  the  hydatid  mole  has  lieen 


Tio.  339.— SecUon  of  a  hydatid  mole. 

the  subject  of  some  controversy.  Virchow  tanglit  that  they  are 
simply  my.xomatous  hypertro|ihicd  clifirinnic  villi.  More  recent 
investigators  have  found  evidences  of  active  hyperfdasia  of  the 
Buperficial  epithelium  of  the  chorion  villi,  with  secondary  degen- 
eration, edema,  and  necrfisis.  This  accounts  for  the  fact  that 
sometimes  the  moles  extend  deeply  into  the  dccidua,  and  even 
into  or  through  the  muscular  wall  of  tlie  uterus. 

Hydatid  moles  are  especially  met  with  in  women  .suffering  from 
Lchronic  constitutional  diseases  (nephritis,  anemia)  and  in  those  be- 
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cominp  |irfp:iiant  late  in  life.  Endometritis  seems  to  bearanme 
relation,  thoujrli  tlie  disease  is  evidently  one  of  the  fetal  rather 
than  maternal  tissues.  This  is  shown  by  the  limited  extent  of  the 
disea.se  in  some  eases,  and  hy  the  fact  that  in  twin  pregnHncy  the 
membranes  of  only  one  of  the  fetuses  may  be  affected.  When  the 
disease  is  extensive  death  of  the  fetus  usually  results,  and  the 
moles  are  discharged  in  the  form  above  described,  or  enelosai  in 
clotttnl  l)hm(I. 

Syncytioma  Malig^um. — The  nature  and  peculiarities  of 
.this   condition    have    been  sutticieutly  described  (see  [«age  189). 


THE   VULVA. 

WOUNDS. 

Injuries  of  the  vulva  frequently  occur  during  labor.  Lacera- 
tion of  the  fourchette  is  very  common,  and  in  a  considerable  pru- 
Et>rtion  of  cases  more  extensive  tears  exteuding  into  the  perineal 
ody,  and  sometimes  through  this  into  the  rectum,  arc  ol)sen«l. 
I'rolotiged  pressure  and  eoutusiou  during  labor  may  iKx-asidfl 
hemorrhages  into  the  tissues  of  tiie  vulva. 


CIRCULATORY  DISTURBANCES. 

Active  hyperemia  is  met  with  in  acute  inflammations. 

Passive  hyperemia  and  edema  occur  in  conditions  in  which 
there  is  general  venous  stasis,  as  in  cartliac  or  pulmonar)-  diseases. 
They  are  also  met  with  in  pregnancy.  The  vulva  is  dark  ml  in 
color,  sometimes  cyanotic  ;  the  subcutaneous  and  subnuicoiis  tis- 
sues become  cdcniatoiis,  and  in  iH)nsequciice  the  labia  inajora  may 
swell  enormously. 

Hematoma  of  the  vulva  is  caused  by  compression  and  conto- 
sion  of  the  vulva  during  j>arturition,  or  less  frequently  at  other 
times.  Varicosity  of  the  veins  is  a  pri'<lisposing  cause  of  import- 
ance. Considerable  masses  of  lihjoti  ("  thrombi  ")  aceunuilate  in 
the  submucous  tissues  of  the  vulva  and  vagina.  Thes«'  may  lie 
8ubse(|ucntly  aiisorlicri,  or  they  may  discharge  through  the  skin  in 
consequence  of  su|)crHeial  ulcerations  and  ruptures.  Infection  "f 
the  thrombus  may  cause  abscess  of  the  labia  or  other  affected 
parts. 

INFLAMMATION. 

Acute  catarrhal  inflammadon  results  from  the  same  caoRi  \ 
as  (xieasion  acute  vaginitis.     The  fxithologic  appearances  ar»',  in 
general,  the  sijme,  though  edematous  swelling  is  likely  to  be  more 
marked.     Distention  of  the  glands  of  Bartholin  and  siM-ontlan 
abscess-formation    in    these   glands    are    common    conditions  in 

srrheal  \ndvitis. 
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Chronic  inflammation  sometimes  follows  acute  vulvitis. 
Con>*i(liTal)li'  hyperplasia  of  the  mucosa  is  sometimes  the  result. 
Erosions  ami  uloenitions  iire  less  fn'<pietit. 

Phlegmonous  inflammation,  or  abscess,  of  the  sub- 
mucous tissue  of  the  labia  majoni  sometimes  results  from  exten- 
sion of  a  similar  proeess  in  the  atljaceut  parts,  or  may  be  the 
direct  result  of  injuries  anti  hematoma,  with  si'eondary  infeetioD. 


INFECTIOUS  DISEASES. 


I 


IMphtheria  sometimes  attacks  the  \ulva,  especially  in  puer- 
peral women.  The  patholo>ric  eoiulitious  arc  similar  to  those 
observed  in  other  mucous  niembnine.s. 

Tuberctilosis  may  occur  in  the  form  of  lupus.  The  lesions 
are  irregular  ulcers  witli  elevated  edges  and  more  or  less  necrotic 
bases. 

Syphilis. — Chancres  are  met  with  on  the  sides  of  the  labia 
and  elsewhere. 

Chancroids  occur  in  the  same  situations  as  chancres.  Very 
often  opj)<)si(e  siiles  of  the  vulva  are  iuvolvcil  by  attrition. 

Gangrene  of  the  vulva  may  be  the  consctpience  of  severe 
contusions  or  inrtuinmations  occurring  in  the  course  of  various 
infectious  dist^ses. 

TUMORS. 

Fibroma,  fibromyxoma,  and  myofibroma  are  occasion- 
ally met  with  as  iitMlular  tumors  or  polyps  arisinir  from  the  labia 
majora.  I^ipoma  and  sarcoma  may  present  a  similar  macro- 
scopic appearance.     All  of  these  ^.^rowths  arc  ran'. 

Elephantiasis  vulvae  is  a  not  infrequent  att'ection,  especially 
in  eastern  and  Jr<)|ii<*al  coutitries.  It  may  he  due  to  congenital 
dilatations  of  the  lyniphatie  clumnels,  or  to  lymphaugiomatous 
tumor-growths.  More  frequently  eicphantiasis  is  caused  by 
inflaniniator)'  conditions  that  occasion  obstruction  to  the  flow  of 
the  lymph.     In  some  instances  the  ctiokigy  is  very  obscure. 

Pathologically,  elephantiasis  consists  of  a  thickening  of  the 
subcutaneous  connective  tissue,  with  nuire  or  less  involvement  of 
the  skin  as  well.  The  disease  may  begin  in  the  clitoris,  or  in  one 
or  other  of  the  labia,  and  may  be  confined  to  tlie  part  primarily 
affected,  or  may  extend  to  other  parts.  The  atlected  portions  are 
tough  and  edematous;  the  skin  is  tightly  bound  to  the  subcuta- 
neous tissue.  The  siiri'ace  may  l»e  irregularly  elevated,  but  in 
other  cases  is  snnMjth.  Superficial  ulcers  may  (K'cur,  and  some- 
times the  dilated  lympln'hannels  communicate  with  the  surface, 
discharging  lymiih  (lynipliorrhea). 

Papillomatous  tumors  arc  not  infrequent  in  syphilitic 
■women  in  the  form  of  elevated  condylomata.  A  somewhat 
analogous  condition  of  obscure  etiology  is  that  termed  cantncle. 
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It  pri'wnts  itsolf  as  a  pnjiillomatous  an<l  highly  vascular  tli'vatiiv 
at,  thf  meatus  of  tlic  un'llira. 

Adenoma  arising  from  the  glands  of  Bartbolin  lias  b(«o 
desfril  It'll. 

Carcinoma  is  uncommon.  It  most  frequently  arises  from  the 
clitoris,  hut  may  affect  any  portion.  Cilauiluiar  camrr  may  iKjgia 
in  Bartholin's  glands. 

Cysts  are  (juitc  frequent.     Small   retention-cysts,  containing 

fultaceous  (atheromatous)  matter,  are  sometimes  met  with  in  the 
il)ia  niujiira.  I^irger  cysts,  containing  serous  or  somewhat  bluiid- 
stained  lifjuid,  may  result  from  hematomata,  or  may  be  lymploD- 
giomatons  in  origin.  Hydrocele  of  the  canal  of  Nuck  has  the 
supcrlicial  ap|ieanuices  of  a  cyst  of  the  labia.  Retention-cysti)  of 
Bartholin's  glands  have  been  referred  to  above. 

THE  PENIS  AND  SCROTUM. 


CONQENITAL  ABNORMALITIES. 

Absence  of  the  potiis  is  rarely  observed  ;  more  frequently  it  is 
abnormally  small,  resonibling  the  clitoris  of  the  female.  Ocawiou- 
ally  the  organ  is  doiihled,  each  half  containing  a  duct,  one  for  the 
discharge  of  urine,  the  other  for  seminal  Huid. 

Hi/poHpddiii.'t  is  tile  eonditiou  in  wliieh  the  urethrsi  tenninatra 
in  an  orillre  on  the  under  surface  of  the  |)enis,  in  the  petidiiloiB 
portion  or  at  the  bulb,  or  occasionally  at  the  root  of  the  serotura 
or  in  the  perineum.  EpixpadioH  is  a  less  frequent  condition;  the 
urethral  orifice  in  this  case  is  found  upon  the  dorsal  side  of  the 
organ.  Exc<'ssive  length  of  the  prepuce  is  a  frequent  abnortaality ; 
there  may  be  asswiated  with  this  stenosis  of  the  preputial  opening, 
so  that  the  glans  [X'nis  cannot  be  exposed  (phimosin). 

INFLAMMATION. 

Inflammation  of  the  mucous  membrane  of  the  plans 

penis  {fMr/anitin)  and  of  the  prcptiee  (jin.it/iifi.i)  is  not  infrp<iufnt. 
Among  the  more  fretjuent  causes  are  unclcanlincss,  with  de^-omjuh 
sition  of  smegma  retainetl  beneath  the  prepuce,  irritation  bv  the 
urine  in  cystitis  or  other  inflammatory  diseases,  gonorrheal  inf'v- 
tion,  und  efiaucroids.  The  mucous  membrane  becomes  swoilou 
and  red,  and  ennsidcr.iblc  purulent  exudate  may  be  disohar}?'<l. 
I'^dematons  swelling  of  the  prepuce  is  frequent,  and  may  KHije 
inability  to  retniet  the  prepuce  over  the  glans  (pkimonU).  In  other 
ca.scs  the  prepuce,  previously  drawn  back,  becomes  so  tcnseljr 
swollen  that  it  cannot  be  pushetl  forward  to  its  normal  position 
(  pnrnpkima-iin). 

In  catarrhal  intlanimation  of  the  prepuce  there  miiy  be  ascoci* 
ated  retention-cysts  of  the  mucous  gland.s.  The  oysta  may  ruptuf, 
causing  small  ulcerations. 
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Inflammation  of  the  cavernous  bodies  may  result  Avun 
iiimatism,  nr  I'roni  pxtciision  <if'  frt'iinrrtu'iil  iirothrttis,  siml  may 
jonietinifs  wcur  in  infectious  diseases,  snoh  as  snial!-|>ox,  pyemia, 
Jtc.  The  penis  swells  eon^idembly,  and  abseeases  or  difltisf  puru- 
lent intiltration  may  result.  In  tmumatic  eases  with  henmrrlia^ie 
exudation  neerosis  or  gangrene  may  residt.  In  ease  of  liivoraltle 
termination  after  severe  inHamniations  eieatriees  may  be  formed. 


► 


INFECTIOUS   DISEASES. 


Syphilitic  chancres  ami  soft  chancre  or  chancroid  are 
frequently  l<H"ite<l  upon  tire  jirejniee  or  its  frenum,  or  ujion  the 
glans  penis  (the  lesions  arc  described  in  I'art  I.). 

Tuberculosis  is  a  rare  condition  in  this  situation.  It  has 
been  met  with  in  the  fttrni  of  nccrolie  nlcerations.  It  is  very 
likely  that  direct  infection  of  the  ])cnis  may  occur  during  coitus 
with  a  woman  who  has  genital  tuberculosis. 


f 


TUMORS. 


Papilloma,  or  condyloma  acumlnattmi,  is  mit  infrecpient 

on  the  glans  penis  and  pn|)nee.  Sonietiuics  it  has  a  distinctly 
Lnflanimatory  origin,  oeenrring  in  association  with  gonorrhea, 
eypliilis,  or  other  Ibrms  of  local  irritation  ;  in  other  eases  it  origi- 
nates witliout  diseovcnible  cause.  There  are  usually  several  or 
many  warty  elevations,  and  oeeasiouallv  a  nuiss  of  warts  is 
llggregated  in  a  cauliflower  fashion.  Alicifiseopically,  condy- 
lomata are  comjKised  of  a  slronm  of  vascular  connective  tissue 
novcrtxl  with  squanums  ej>ithcliuni.  The  eauHHowcr-form  may  be 
distinguished  from  epithelionui  by  observing  that  the  nnicous  mem- 
brane is  not  infiltrated  and  is  movable  u{Htn  the  underlying  tissues. 

Carcinoma  (epitlielioma)  of  the  penis  may  arise  from  the 
glans  or  from  the  jircpuee.  It  may  present  itself  as  an  infiltrating 
growth  with  a  tendency  to  ulceration,  or  as  a  pa|tilloniatous,  cauli- 
flower-like growth.  In  the  latter  ease  it  is  probable  that  the  pri- 
mary growth  was  papillomatous,  with  secondary-  careiuoiuatfius 
as-sociation,  or  that  the  original  tumor  was  carcinomatous,  folUiwed 
by  papillomatous  outgrowths.  Considerabie  destruction  of  the 
glans  penis  may  occur,  and  metastatic  nodules  are  frequently 
formed  in  the  inguinal  glands. 

Epithelioma  of  the  scrotum  is  eompanitively  frequent  in  chim- 
ney-sweeps and  panifTin-workers. 

niepnantiasis  of  the  .scr()tnm  is  a  common  disease  of  the 
East.  The  scrotum  may  be  enormrtusly  enlarged.  Home  eases 
are  due  to  filariasis  ;  in  other  cases  filaria;  cannot  be  demonstrated. 
Somewhat  similar  thiekeningof  the  prepuce  is  a  nin-  contlitiou. 

Cysts. — Small  <'ysts,  due  to  occlusion  of  the  glands  of  the 
mucous  membrane  anil  of  the  skin,  are  occasionally  ntet  with  un- 
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der  tlie  prepiief  and  in  the  scrotiun.  Dermoid  cysts  of  the  scrotom 
are  occasionally  obscrvcil. 

I^ipomata,  angiomata,  an<l  fibromata  are  rare  forms  of 
tumor.-i  of  tiif  (U'nis. 

Concretions  beneath  tlie  prepuce  result  from  phimogiB  with 
retention  of  the  smegma.  >Sotiic'times  they  increase  bv  constant 
additions  until  they  reach  considerable  size  (200  g.).  In  odc  case 
under  my  observation  gouty  tophi  in  the  prepuce  grew  to  the  size 
of  a  small  lemon. 

INJURIES  OF  THE  PENIS. 

Direct  traumatism  may  occasion  serious  laceration  of  the  cor- 
pora cavernosa,  especially  when  the  penis  is  erect  at  the  time  of 
injury.  Considerable  hemorrhagic  extravasation  may  i>xur,  ami 
intlainniation  or  even  necrosis  and  gangrene  may  en.sue.  Fractun; 
of  the  jjenis  is  a  term  applied  to  rupture  of  the  fibrous  capsule  of 
the  cavernous  bmlies.  Ik>th  this  and  less  extensive  laceratioiu 
occasion  great  hemorrhagic  swelling,  with  subsequent  inflomnu- 
tion  or  necrosis.  Injuries  to  the  penis  may  cause  rupture  of  the 
urethra,  with  extravasation  of  urine. 

THE   TESTICLES. 
CONQENITAL   ABNORMALITIES. 

Absence  of  one  or  btith  testicles  is  a  rare  condition.  More  fre- 
quentlv  the  organ  is  ki/popfftatir.,  n'lnaining  undeveloped  througli 
life. 

Tlie  most  frequent  congenit-al  abnormality  is  crt/ptoirhimiu, 
the  condition  in  which  one  or  both  testicles  remain  in  the  alKloini- 
nal  cavity,  in  the  inguinal  canal,  or  elsewhere  in  the  tract  through 
which  normal  descent  occurs.  The  undescended  testicle  may  de- 
scend at  or  before  puberty,  or  may  n'main  fi.xetl  in  its  abnomal 
position.  In  the  latter  <si.so,  cspci-ially  if  the  testicle  is  in  the 
uigiiinal  cjinal,  secondary  inflammation  or  atnii)hv  may  occur. 
Slight  defects  in  the  development  of  the  testicle  are  not  infre- 
quent, but  are  unimportant. 


I 


I 
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ATROPHY   AND   HYPERTROPHY. 

Atrophy  may  follow  any  form  of  inflanmiation  of  the  testicle 
or  cj)ididymis,  such  as  those  occurring  after  gonorrhea,  niuni|«. 
and  other  infectious  disea.ses  or  traumatism.  In  other  instance* 
pressure  u{K)n  the  organ,  as  in  hydnM'(>lc,  tumors,  etc.,  is  the  lau* 
«>f  atrophy.  The  most  frequent  form  is  that  which  occurs  as  » 
natural  process  of  involution  in  old  age  (nriiUe  fUrophy), 

The  testicle  decreases  in  size,  increases  in  hanlncss  from  over- 
growth of  connective  tissue,  and  is  usually  more  pigmcntc*!  thiu 
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In  health.  Microscopically  tlie  seminal  tubules  are  found  to  have 
undergone  fatty  degpneralion,  and  contain  liitty  debris  and  blood- 
corpuscles. 

Hypertrophy  of  one  testicle  insiy  occur  us  a  compensatory 
process  in  eases  of  disease,  atropliy,  or  removal  of  its  fellow. 
Hypertrophy  of  this  sort  has  been  pitKJuced  ex  peri  men  tally  in 
iuintals.  The  seminal  tubules  increase  in  size,  but  are  otller^v■ise 
oormal. 
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DEQENERATrONS. 


Fatty  degeneration  is  frequently  ohserve<l  in  testes  sub- 
jectwl  ti)  pressure  through  tumors  or  other  patliologie  conflitions, 
and  in  eases  of  atrophy  of  the  testicle  tVfim  any  cause.  The  epi- 
thelium of  the  tuludes  is  attacked,  and  may  he  eouiplelely  oe- 
jtroved,  with  pn^tiuction  of  fattv  detritus. 

ifyxomatous  degeneration  occurs  in  various  tumors  of  the 
testis  and  in  guiunuUa. 

Calcification  may  affect  old  inflammatorj'  deposits,  especially 
those-  of  the  epiitidymis. 

Caseation  is  a  fre<|uent  condition  in  tuberculous  and  syphilitic 
lesions  ;  anil  abs<.'e8ses  may  undergo  a  pixx;css  of  iuspissation,  with 
formation  of  drj-,  caseous  material. 


r 


CIRCULATORY  DISTURBANCES. 


Active  hyperemia  of  the  testis,  epididymis,  and  especially 

of  the  membranes,  weurs  in  assjwiation  with  acute  inflammations. 

Passive  hyperemia  is  caused  by  pressure  up  in  the  veins  or 
disease  of  the  veins  (varicosity).  Ttie  testis  and  epididymis  be- 
come swollen  from  eilema,  and,  if  the  hyperemia  persists,  fatty 
degeneration  and  atrophy  may  result.  Serous  effusion  into  the 
tunica  vaginalis  (hi/drocele)  may  occur,  but  this  condition  is  more 
frequently  iiiHanimator>'  (see  page  705). 

Embolism  of  the  sjK'rmatie  artery  may  rK-casion  hemorrhagic 
infarction,  followed  by  necrosis  or  gangrene  of  the  testis.  This 
seqtience  has  been  observed  in  a  few  eases,  and  has  l>een  proved 
experimentally.  Sometimes  gangrene  seems  to  be  caused  by 
phlebitis  of  the  pampiniform  plexus. 
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INFLAMMATION. 


Inflammation  may  involve  the  testis  {orckitin),  the  epididymis 
\epul't(liiiiufifi\  or  the  timica  vaginalis  (riigiriii'iH  teHt'm). 

Etiology. — Tnnmiatisui  is  a  frccpient  factor  in  the  etiology, 
and  causes  inflammation  of  tlie  <'pididymis  and  membranes  more 
frequently  than  of  tlie  testicle  it.self.  Blows,  bruises,  and  contu- 
sions are  the  usual  conditions  that  cause  this  form  of  inflammation. 

In  another  group  of  cases  the  irritants  are  micro-organi.sms 
conveyetl  through  the  blood.     Thus  iu  typhoid  fever,  tuberculosis, 
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pneumonia,  and  various  forms  of  Hcpticopvcmia  the  specific  organ- 
isms have  been  discovered  in  tlie  areas  of  inflamniation.  Similar 
inflammations  occur  in  murap.«,  scarlet  fever,  syphilis,  and  small- 
[)ox,  and  are  doubtless  caused  in  the  same  way,  though  the  »[)e- 
cific  organisms  are  unknown.  In  these  cases  the  testis  is  more 
frequeutiy  affected  than  the  epididymis. 

In  a  third  groupof  cases  infwtionm'curs  through  the  vas deferens, 
and  the  epididymis  is  affcctc<l  first  and  often  alone.     The  most 
frequent  infci-tious  agent  in  this  group  of  cases  is  the  gonwofx-us;! 
but  other  miero-orgiinisms  may  enter  the  vas  deferens,  reach  thel 
epididymis  and  cause  inflammation,  in  other  diseases  of  the  hlad<i<T 
or  untiir.i,  or  after  openitions  upon  these  parts,  such  as  crushing, 
vesical  calculi,  cutting  urethral  strictures,  and  the  like. 

Pathologic  Anatomy. — Inflammations  of  the  diflferent  partol 
may  be  sepjiratcly  considered. 

Acute  Orchitis. — In  acute  urchitis  the  testis  is  swollen  and  more 
or  less  edematous  on  account  of  intlammatory  exudation.      Micro- 
scopically the  striking   feature  is  round-cell    infiltration  of  the 
intcrtubular  tissues.     This  may  be  diffuse  and   uniform,  or  may 
occur  in  circumscribed  arcjjs.     The  latter  is  espc<;ially  i-ommon  in 
the  orchitis  of  variola  and  pyemia.     The  round  cells  may  infiltrate  ■ 
the  walls  of  the  tubules,  and   niay^be  discharged  into  the  tubules ' 
in  great  nuiubers.    At  the  sjirae  time  the  epithelial  cells  may  suffer 
degeneration  ami  de.s<piamation.     Intense  orchitis  may  IcacJ  to  the 
formation  of  abscesses,  single  or  multiple.     These   may  snbse-l 
quently  undergo  complete  absorption,  or  may  become  inspissate*! 
ami  encapstdatcd,  the  contents  of  such  a  f(M'US  consisting  of  fiitty 
<lefritus  and  cliolcstcrin.      In  other  cases  the  absee.-»s  mav  rupture  i 
externally,  and  iK-casionally  gmnulations  s])riiiging  from  the  tunica 
albuginea  or  the  testis  may  protrude  through  the  opening.     The 
term  bniir/tt  funrjuM  is  ap]ilied  to  this  condition. 

Chronic  orchitis  usually  ifsults  from  the  acute  form.  The 
inHanHnut<n'v  changes  of  the  intertuliular  tissues  gradually  lead  to 
iriiluration,  and  the  t4'stis  becomes  hard  and  contracted,  the  con- 
nective tissue  and  septa  being  increased  in  density,  the  tuhules.it 
the  same  time  suffering  degeneration  and  atrophy.  In  cases  fol- 
lowing acute  suppurative  orchitis  the  tissues  surrounding  the 
inspissated  abscess  become  s<'lerc>tic,  and  the  tubules  arc  in  larjre 
part  or  wholly  destroyed.  Small  nodular  are.is  are  discoveriHl  in 
such  cases,  and  on  section  these  are  fouml  to  consist  of  a  dense 
wall  of  fibrous  tissue  enclosing  thickenetl  pus  containing  fatty 
detritus  and  cholestcrin.  The  meiabnines  surrounding  the  testis 
are  usually  thickened  and  unitefl  by  adhesions. 

Chronic  orchitis  without  a  definite  antecedent  acute  stage  is  » 
frcfjuiTit  result  of  syphilis  (sec  page  707). 

Acute  epididymitis  occurs  wnon  infective  agents  have  reached 
the  epididymis  through  the  vas  deferens.     There  is  tense  swelling 
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>f  the  fpididyniiH,  :uiil  not  rardv  asMiciati'i]  iiiflainniatiim  with 
ioroiis  oxmlatiiiu  in  tlic  timira  vjif:;iiiali.s.  Tlie  totis  is  nut,  a.*  a 
■iile,  involved.  The  priR-e^is  l)ejjjiiis  as  an  acute  catarrhal  intfan)- 
jiatiou  of  the  tnhule.<  of  tlie  e]iididynii.-i ;  later,  cellular  intiltra- 
ion  and  oeeasionally  ahseess-iurniatiipii  oceiir  in  the  intertuhnlar 
loniieetive  tissin-^.  The  inllaiiniiatioii  is  stmictinu's  eunipletely  re- 
«lveil,  hnt  in  uther  eases  tihroiis  ihieUeiiintr,  diH'iise  or  noiluhir, 
■esults.  InsjMssatetl  aliseesses  snrniuridiil  by  tilmjiis  tissue  are 
ometimes  seen,  as  in  oreliitis.  The  epithelium  of  the  tubules 
■nilieddtHi  in  tlie  ne\v-fi>nti<Ml  filmms  tissue  may  undergo  a  eer- 
ain  aniount  i)f  [iroliti'ratioii,  su<:p'stin}i  the  apiietinuiec  of  ade- 
loma  or  eanc'cr.  Tiie  vas  defiTcns  may  he  jiermanently  oh- 
trueted,  and  the  tLihides  on  the  [iniximal  sid<'  and  in  the  testis 
nay  uack'rgo  eystii*  distention.  E.vteusive  epiiiiilymitis  very 
•oainionly  causes  atro|)hy  <.if  the  testis. 

VaginitiB  testis  aud  periorcliitis  are  terms  applied  to  inflammn- 
ion  (if  the  tiuiiea  va<rir)a!is  testis.  This  eondilinn  is  usually  the 
■esult  of  tm'hitis  or  e|>i(lidyniitis,  hut  may  sometimes  oeeur  as  a 
triniary  inHammatton  residting  from  traiunatism  or  other  forms  of 
rritation. 

The  tunica  vaginalis  is  a  retleetion  of  the  peritoneum,  and  in- 
laniiuatory  conditions  arising  in  it  resendile  those  of  the  alidomi- 
lal  |K-ritorieum. 

Serous  or  serofibrinous  vaginitis  testis  is  the  most  frequent 
brrn.  This  may  he  a<*ute  or  ehnmir,  aud  is  eharaeteri/.ed  hy  the 
iccumulation  of  small  or  large  eolleetiims  tif  serous  litpiid.  In 
lowly  developed  eases  the  quantity  of  lir|uid  may  be  one  or  two 
iters.  It  may  be  clear  serum,  but  cvften  contains  flakes  of  fibrin, 
ir  leukocytes,  and  is  sr>m<'times  reddish  from  the  presence  of  red 
»lo<Kl-eorpuseles.  Sunctimes  the  li<|iiid  is  milky  or  turbid,  and 
•ontains  fat-droplets  and  cholestcrin-crystals.  A  chylous  variety 
(cenrs  in  tropical  countries,  and  is  probably  canged  by  the  Filaria 
anguinis  hontinis. 

Hji'lrwrlc  is  the  term  \\!f-v<\  to  designate  effusions  of  these  sorts. 
jometinies  the  liquid  contains  spcrnuitozoa,  when  the  term  lii/flro- 
•elc  itpetinatifti  is  applied.  This  condition  is  due  to  the  esea[)e  of 
jwrmatozoa  from  ini])ro]ierly  dcv<'l<iped  sjieruratic  tuhulcs  or  from 
iiptured  cysts  of  the  ejiididytuis  or  testis.  In  certain  ca.ses  it  is 
liliRcnlt  to  distinguish  hydnieele  spermatiea  and  spermattx-ele  (see 
lage   RH!)). 

When  hydrocele  persists  the  tunica  vaginalis  undergoes  hyper- 
)lustic  thickening,  and  small,  wart-like  elevations  may  be  formed 
pcriorrliitia  profifcro).  These  nodides  may  become  scpjvniled  aiut 
remain  in  the  sac  as  free  bodies,  like  those  in  the  joints,  Anf)ther 
■esnlt  of  the  secondary  iuHammatory  changes  in  the  mendirane  is 
idhesion  of  the  reflexions,  causing  a  biloeular  or  nudtilocular 
itydrocele. 
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When  the  canal  connecting  tlie  sac  with  tlic  peritoneal  cavily 
has  remained  patnlous  the  fluid  of  hydrocele  may  be  pressed  into 
the  ivbdoniiuiil  cavity.  The  term  hydrocele  processtu  vagmtdit  is 
appliei!  to  Hucii  cases,  and  the  temi  hijdroceU  funicxJi  spemaiinxa 
cases  in  which  i»idy  t!ie  upper  jiart  of  the  vaginal  canal  is  patiiloiii 
and  (iUcd  with  iitpiid.  Hifdmrf  If  funiculi  ci/i^iat  results  fmin  eol- 
IcctiiHis  i)f  rttiid  in  the  mitldle  portion  of  the  canal,  the  upiM-rand 
lower  ends  lieing  obIiterate<l. 

Purulent  vagrinitis  testis  occurs  in  assix-iation  with  epididv- 
mitis  ami  (irchitis,  and  sometimes  primarily  after  tmuniatisra.  Att 
onlinarv  iiyrlrin'cle  may  be  eoiiverted  into  a  pnndent  collection  by 
pimctiire  with  iiifeeted  iiistniincnts.  The  Siic  is  more  or  ji-ss  ili*- 
teiided  witli  [nindent  li»]iiici,  ami  the  surface  of  the  membraue  is 
coveretl  with  tiiirinopiinilent  exudate.  The  pus  may  dioclmn,-* 
externally,  or  may  become  inspissated ;  and  extensive  adhcsiom 
may  ol)literate  the  sac. 

Hemorrhagic  Vaginitis  Testis. — In  severe  acute  inflanimatioM 
the  cxudatinn  may  be  more  or  less  hemorrhagic.  More  distinctly 
iieruorrhagic  forms  of  intlammation  result  from  trauuiutisni;  in 
these  cases  tliere  is  first  extravasation  of  bK)0<l  and  then  inHanima- 
tion.  The  sac  may  be  lined  with  fibrinous  and  lieu»orrli:igic  ik'pos-  ^ 
its,  and  the  memljRine  lieeomes  thickened.  In  the  temiinal  .sfafjPsB 
considerable  thickening  and  sometimes  calcification  of  the  tiinin 
vjiginnlis  are  observed. 

Inflammation  of  the  vas  deferens  may  \>e  asso<Maf  i'<I  witb 
epitlidymitis  or  orchitis,  or  may  occur  independently  iu  casts  uf 
dire<:t  tniumatism.  In  syphilitic  disease  of  the  testis,  and  Im 
commonly  in  other  forms  of  orchitis,  the  va.s  deferens  may  bf 
greatly  tliiekened. 
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INFECTIOUS  DISEASES. 

Tuberculosis  is  most  freipient  in   the  epididymis,  but  mav 
involve  the  testicle  as  well.     The  infection  occurs  in  one  of  two] 
ways:  either  througji  the  vas  deferens,  in  consequence  of  tuber- j 
cnlosis  of  the  prostate,  seminal   vesicles,  <ir  idadder;  or  throuirhj 
tlie  circulation  in  eases  of  i)ulinou:)ry  nr  other  forms  of  tiilwmi- 1 
losis.      It  has  been  shitwn  that  tiiberele-ljacilli  an^  discharged  fp'in  [ 
the  body  in  the  seminal    fluid   in  cases  of  ptdmonary  and  nthcr 
forms  of  tuberculosis  ;jind  when  local  conditions  predis|)ose  tiilx''"- 
culous  infection  of  the  epididymis  may  occur.     Gonorrheal  eiiiditl-  ] 
yniitis  seems  to  constitute  such  a  local  predisjxtsition.     Fnnisrv ' 
homatogeuons  infeetimi  of  the  epididymis  seems  to  iK"<'ur  in  niiw  i 
cases. 

In  cases  of  infection  through  the  vas  deferens  there  are  formwJ 
in  the  walls  ofUie  tubide  of  the  epidi<lymis  small  tubercular  tna«f<*. 
which  rapidly  increase  in  size  and  run  together,  forming  caj^o"* 
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of  considerable  size.  Further  invasion  occurs  along  the 
phatic  ehnnnels  and  the  fiilmlc,  luid  rapid  involvenicnt  of  a 
c«.nsiderable  part  of  the  epidi<lynii.s  results  (Fig.  330).  The  tiil>- 
ile  surrounded  by  tuberculous  tissue  may  become  tille<i  with  des- 
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L— TDtXTPOloila  of  Uie  epIdldymU  and  tcttlole  (modifled  fVom  BoIllDi|i«r). 


uamatcl  epithelium  and  puriforni  or  caseous  matter,  and  mav  be 
■      ■  .  Ext 

unusual. 


lilated  in  a  cystic  form.     Kxtension  to  the  testicle  may  occur,  but 


r* 


Associated  serous  or  serofibrinous  vaginitis  testis  is  not  infre- 
c|iicnt ;  and  in  ^nme  cji^-s  the  tuberculous  disease  itself  extends  to 
the  testicular  cuvelopcs  and  causes  no<lular  elevations,  or  ulcera- 
tions and  fistulous  communications  with  the  surface. 

Hematf>genoHS   tuberculfjsis  of  the   epidi<lyinis   is,  in   the  first 

place,  of  the  miliary  form  ;  liuf    the  tubercles  grow   nipifiiy  and 

sj-ous  ihmIuIcs  are  ra|iidly  furnieil. 

Tnbercnlosis  of  the  vas  deferens  may  1k>  secondarj'  to  tulnTcu- 

l(>sis  of  the  seminal  vesicles  and   lihidder,  or  of  the  epididymis. 

[t  is  chjiRicfi-riwHl  by  easefius  swelling  of  the  walls  of  the  duct. 

Syphilis  is  not  infreijuently  seen  in  the  testicle  in  the  late 

agi*  of  aciiuinil  syphilis  and  in  congenital  syphilis.     The  epi- 

lidymis   and    the    membranes    are    secondarily    involved.      Two 

>nns  may  Ik-  distinguished.     The  more  fre<|uent  is  that  in  which 

liffuse    induration  of  the    testicle   occurs ;    in    tJie   less   frequent 

iriety  there  are  circumscribed  gummat^i.     In  the  diifuse  form 

tie  organ   is  more  or  less  imiformly  indurated,  and  on  section 

Icn-i*'  bands  of  fibrous  tissue  are  conspicuous.     The  tubules  suffer 

jraprcKsion,  degeneration,  and  atrophy,  and  sometimes  become 
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convtTted  into  cheesy  foci.  Tiic  gimimata  have  the  usiuil  translu- 
cent or  cheesy  a|)jH*arance.  VV'iien  tlie  niemliranes  are  involved 
diffuse  thicitening  occurs ;  and  in  rare  eases  the  disease  extends  to 
the  skin,  causing  suiH-rfieial  granulations  (ni/philitic  fiinffun).  The 
vas  deferens  is  often  greatly  thickened,  as  are  also  the  walls  of 
the  l)lix)d-vessels  of  the  testis  and  epitlidyniis. 

I<jepra  of  the  testis  occasions  nodular  lesions  and  prcssun-- 
atroj)hy  of  the  tubules.  Lepra-cells  containing  bacilli,  a.s  well  as 
free  bacilli,  occur  in  the  tubules*  in  abundance.  This  tact  is  im- 
portant as  indicating  a  pos.sible  ni<xle  of  transmission  of  the  disease. 


TUMORS. 

Fibroma  is  occasionally  observed  in  the  rete  tL'Stis  aud  tuuiia 
albuginea  :t.s  a  small  nodular  tumor. 

Chondroma  is  rare.  It  may  occur  in  tlie  epididymis  or  rete, 
as  a  single  node  or  as  multiple  ?mall  nixlules.  More  fretjuently, 
small  cartilaginous  areas  are  found  in  carcinomata  or  other  tumon 
of  the  testis. 

Osteoma  is  very  rare. 

Msncoma  is  rare,  except  in  asso<^iatiou  with  other  tumors. 

Rhabdomyoma  sometimes  occurs  in  tlie  form  of  flesh-like 
growths  of  the  testis. 

Sarcoma  may  t^cur  in  any  of  its  various  forms  in  the  testis, 
and  less  commuiily  in  the  epididymis.  It  forms  rapidly  gn>winj,' 
whitish  or  rcildish  tumors.  Secondary  changes,  such  as  fatty  de- 
generation, hemorrhage,  cystic  softening,  aud  caseation,  are  not  in- 
fre(|tu'tit.  Cystic  dilatation  of  the  seininal  tubules  may  oc«ision 
marked  (•Images  in  the  appcnnince  of  the  tumor.  The  cysts  are 
small,  and  tiHcit  with  turbid  licpiid  containing  tat,  desiiiuiiuated 
cells,  and  cholcstorin  ;  or  hirge,  and  contain  serous  liipiid,  either 
dear,  turbid,  or  bloixl-tinged.  The  lining  epithelium  of  the  cysts 
is  columnar,  or,  in  case  of  cysts  of  the  epididymis,  often  ciliated. 
Tile  walls  of  the  tubules  in  some  instances  undergi*  active  hyiwr- 
plasia,  giving  rise  to  |wi)ill(jmatous  elevations  of  the  iimer  surfacf, 
an«l  a  truly  adenomatous  prolifenition  may  o<;cur.  In  the  latt<'r 
eases  the  tunu  ir  uuiy  be  designated  udenoHarcoma.  ( irowths  of  tlii* 
variety  are  sometimes  met  with  in  young  adults  or  children,  and 
most  frequently  in  the  rete  testis.  They  are  more  or  less  malig- 
nant, causing  frequent  metastasis  through  the  lymphatics  or  blood- 
vessels. 

Adenoma  of  the  testicle  is  nire  ;  much  more  frequentlv  cystifl 
tmimrs  have  a  more  <ir  less  adenomatous  character  (see  Cysts). 

Carcinoma  may  occur  in  the  form  of  a  scirrhus,  but  more  frp- 
<iueutly  as  a  soft  or  medullary  variety  (Fig.  331).  Mucoi<l  and  wl- 
loid  degenerations  are  nitlicr  frequent,  and  cvstic  softening  niav 
occur.    Cysts  may  also  result  from  dilatation  of  the  tubules.    Carti- 
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la^inous  areas  arc  soniotinu's  ftminl  in  tlie  stroma  t»f  the  growth  ;  to 
such  the  term  clioiidrocurviuinna  is  upulied.  Mtire  or  less  com- 
j)lete  destruction  of  the  testicle  and  epiilidymis  is  frcmicnt,  but  the 
tunica  albuginea  usually  resists  invasion  for  a  considerahle  time, 
Carciiiuma  uf  the  testicle  seems  to  originate  from  the  epithelium 


Fia.  331.— Carcinoma  of  the  wMk  U  (fiuiu  a  si^viiiuiii  hi  tliL  Miiwum  of  the  Philadclphlk 

HiMpItal). 

of  the  convoluted  tnhules.  Metjistasis  thnuifili  the  lymphatics 
and  bliHKl-vessels  is  frcijueut,  and  extension  througji  the  testicular 
envelopes  to  the  skin  may  iK-cur. 

Cysts. — Retention-cysts  of  the  tubules  are  freouetit  in  eases 
of  inflammation  an<l  iiidnnition  of  the  testis  and  ejiididyniis.  Smie- 
tinies  they  contain  a  simide  unlky  li([uid  ;  in  other  eases  spTuia- 
tozoa  are  found  in  the  fluid,  and  to  these  cysts  the  term  sptriiid- 
toceU  is  applied.  The  cyst«  may  be  numentus  and  .small,  or  may 
be  very  large,  containini:  a  Inuidrcd  or  more  cubic  centiiuetei's  of 
liquid.  The  cysts  are  iiniiid  iti  the  budy  of  the  organ;  but,  when 
large,  project  from  the  suriitcc.  Very  large  cysts  push  the  testicle 
and  epitlidymis  to  one  side.  Occasionally  cysts  originate  from  the 
Ihydatids  or  the  panididyniis.  Th«s<'  may  be  sjiermatoeeles,  when 
one  of  the  vasa  abcmintia  opens  into  them. 

Sccondar^•   pnditerations  of  the  ejtitheliiuu   of  the  cysts  maj 
jnvert  a  simple  into  a  jjapilliferoiin  ci/xtoma ;  and  occasionally 
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the  primary  prfwe.ss  seems  to  be  one  of  adorioiiiatous  clianwtpr,  iht 
cystic  condition  being  the  result  of  secoudary  distention  or  nf  the 
peculiar  character  of  the  acini   formed. 

Small  cystic  cavities  may  contain  mucous  liquid  or  thick,  I'.unlj 
material.  lu  the  latter  case  the  term  atheroniatoiu  lygt  is  appli- 
cable. 

Dermoid  cysts  are  occasional  tumors  of  the  testis  prowr. 
They  may  be  simple  sacs,  lined  with  epidermal  tissue  and  lily 
with  pultaeeous  matter ;  or  complicated  deniioidn,  coutaiuing 
teeth,  bone,  nmscle-fibers,  and  nerve-tissue. 

PARASITES. 

Schinococcus-cysts  are  rarely  met  with. 


THE    PROSTATE   GL.\ND. 


INFLAMMATION. 

Inflammation  of  the  prostate,  or  prostatitis,  is  aM^ 

frerpiently  scwmdary  to  posterior  urethritis.  Simctimes,  however, 
it  results  from  other  causes,  sucii  as  metastatic  involvcmont  in 
general  pyemia  nr  other  fiinns  of  infection.  Inflammations  in  thf 
vicinity  and  <{irect  injuries  of  the  prostate  may  likewise  asee 
acute  inflammation. 

Pathologic  Anatomy. — A  simple  and  a  suppurative  form  raov 
be  distinguished. 

Simple  Prostatitis. — In  the  ordinary  prostatitis  following 
urethritis  the  disease  tjikes  the  siiii])le  fonn,  the  gland  IxMngooo- 
pested  and  swdijen,  and  csiusini;  l)y  its  cnlar)j:ement  more  or  1<>* 
obstruction  of  tlie  urethra.  Small  suppurative  foci  may  Ije  foriuwl 
in  and  about  the  fjlaiidiiiar  [XMicbes  and  tubules. 

Suppurative  or  phlegmonous  prostatitis,  or  abscess  of  the 
prostate,  may  be  a  terniinal  condition  of  the  previous  funn,  or  ii 
may  be  developed  primarily.  In  cases  of  metastatic  pMstatitis 
a  number  of  foci  of  suj)punitiou  iniiy  ix^cur  and  subsi-^piently  c»i- 
Ifsce,  or  a  dill'iise  su])piirative  iiiKltratinn  may  take  jilaev.  Tlif 
developriicTit  of  absefsses  is  usually  acute,  tlu»u;;h  in  some  case  it 
may  (M^cur  insidiously.  If  the  absces.ses  arc  small  tJiey  mav!^il>- 
sequently  undergo  encapsulation,  inspissation,  and  even  cafcifia- 
tion.  Larger  abscesses  are  prone  to  rupture  into  the  iirpthra, 
usually  thi-ough  a  number  of  openings.  Sometimes,  however,  tin' 
inflammation  extends  t"  the  tissues  around  the  gland,  causiiijij 
pcriprodntitix,  and  later  rupture  into  the  rectum  may  o<Tur.  Ex- 
tensive phlegmonous  inflammation  of  the  pelvic  tissues  is  an 
unusual  result. 
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ATROPHY    AND   DEGENERATION. 

Atrophy  of  the  f^laml  is  oceiif^ioiuilly  luct  with  in  youthful 
in<lividiial.i,  ami  may  he  tho  rosiilt  of  discasi'  or  ivniovjil  uf  ttic 
testis.  It  also  ocrurs  in  the  airoij,  and  in  this  case  atropliy  of  tiii' 
tissues  surruuiHling  the  [irostytie  duets  tnay  he  aceomjianied  by  dila- 
tation of  the  ducts  themselves.  The  gland  then  jiresents  a  cavern- 
ous appearanec.  Atrophy  of  the  gland  sometimes  leads  to  ineon- 
tinence  of  uriiie. 

Fatty  degeneration  of  tlie  fpitheliuni  of  the  phmd  and  of 
the  iiuiseJe-tihei-s  is  I'retjuent  in  old  age,  and  may  oconr  as  an  in- 
dt'|X'mlent  eoiidition  or  in  association  with  hypertrophie  enlarge- 
ment of  the  gland.  The  gland  beeomes  soft,  and  diti'usely  yellow 
or  mottled  in  color. 

^  CONCRETIONS. 

Prostatic  concretions  are  not  unusual  in  persons  of  advanced 
age,  and  are  frettuently  foinid  in  eonsidendjle  numbers.  They 
vary  in  size  from  almost  niieroseopie  grannies  to  bodies  the  size 
of  a  millet-seed.  On  section  thnutgh  the  gland  these  brownish- 
colored  bojlies  give  the  apiiearanei'  of  a  surface  sprinkle<l  with 
sDutf.  The  gninules  are  usually  round  or  oval,  and  are  character- 
ized by  concentric  laniellatious.  They  may  lie  colorless  at  first, 
but  usually  become  bi-owuish.  The  term  inityhirnntx  bodies  has 
been  applied  to  th<'ni,  and  they  have  been  sup])Osed,  though 
erroneously,  tobe  composed  of  amyloid  material,  such  as  occurs  in 
amyloid  degeneration.  When  flicv  ifach  considendile  size  calca- 
reous salts  may  deposit  arouTid  them  and  give  them  an  irregidar 
form.  Sometimes  the  eotifretions  are  discharged  through  the 
prostatic  ducts  into  the  urethra  ;  in  other  cases  the  larger  concre- 
tions project  prominently  into  the  urethra  beneath  its  mucous  mem- 
brane. 

INFECTIOUS  DISEASES. 

I  Tttbercnlosis  of  the  prostate  is  usually  found  in  association 
with  tulwrculosis  of  the  other  genital  organs,  especially  the  vas 
deferens  and  epididymis.  It  is  also  met  with  in  association  with 
tuberculosis  of  tlie  ljhnldcr  or  kidney.  Tiu-  lu-ostate  is  usually 
iliffusely  enlarged,  and  may  be  somewhat  nwlular  upon  the  surfmic. 
On  section  easi-ous  areas  are  found,  or  the  entire  gland  has  a 
caseous  appearance.  Recent  tnben'les  are  rarely  visible,  as  casea- 
tion progresses  with  unusual  rapidity  in  this  organ.  Primary 
tuljerculosis  of  the  prostate  is  rare. 
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HYPERTROPHY   AND  TUMORS. 

H3T>ertrophy  of  the  prostate  is  a  condition  sometinics  inflam- 
matory ill  character,  sometimes!  more  prolwbly  of  the  natun' »{ 
tiimor-formation.  It  occurs  most  frequently  in  the  agwl.  The 
causes  are  often  quite  obscure.  In  some  wises  chronic  pi^i'rinr 
urethritis  seems  to  lie  the  important  factor ;  in  other  ini-famTs 
liisturhanccs  of  tlic  circulation,  and  especially  varicose  eonditinn.* 
of  the  veins,  are  active  in  the  aiusatiou. 


,>'n1 


Fio.  332.— llypcrlrophy  of  the  proaUle. 

The  orpxn  may  enlarge  in  a  unifonu  manner,  or  there  raaf  1» 
nodular  ur  localized  swelling.  Of  the  localized  form  the  most  im- 
piirtaiit,  fnmi  a  clinical  asjieet,  is  that  in  which  the  middle  lolw'or 
the  i.sthnuis  of  the  glami  enlarges  and  jirojects  under  the  jM>jtcri'>r 
wall  of  the  urethra  as  a  small  or  large  rounded  elevation,  or  as  ^i 
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snpversc  bar  or  ohstniftion  (Fip.  332).  Accordinp  to  the  inves- 
Ptipitions  of  some  authorities,  the  cnlargenu-nt  in  wurh  instanops  i» 
<lu«'  to  a  hyjwrplasia  of  act'ctssory  jimstatic  tissiu'  lying  iuinu'diately 
uiiiler  the  niucous  nieiuhrane  of  tiie  ijladder  and  of  the  prostatic  por- 
tion of  tlie  urethra,  with  subseqiicnt  involvement  of  the  isthmus  of 
the  (rland  itself. 

On  .st'<'tion  lliriiugh  the  gland  there  may  bo  a  uniform  indura- 

rtion,  or  in  other  cases,  in  consequenee  of  aswK-iatetl  changes  in  the 
iejtithelial  or  glandular  eUnR-nts,  there  may  be  siiittered  through 
the  gland  arejis  of  softening  or  of  proliferation  of  the  glandular  ele- 
ments, or  cystic  ilistentions  of  the  gland-tubules.  In  such  instances 
the  indurate*]  gland  presents  more  or  less  softenctl  or  cystic  foci. 
MicrostMipically,  in  th<;  iliti'use  form,  involving  the  stroma  alone, 
le  gland  prcj^ents  merely  tlie  features  of  uniform  tibromyomatous 
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elion  (if  hyiirtniphii'i]  |>r'»iiiii'  of  h  umii  U(;'<l  71  }xim:  tulanl  ilie:  a, 
urcihrs;  6, colllrulufi  Hmlnalli  iSocinj. 

iroliferation,  and  corresponds  in  stnicture  with  fibnunatous  or  myo- 
bnmiatous  tumors  of  the  uterus  (Fig.  3.'i3).  In  <)ther  cases  the 
_  landular  elements  take  an  active  part  in  the  pathologic  process,  and 
a  distinctly  adenomatous  character  is  added.  The  glandular  dc- 
inrnt.s  may  imdcrgo  fatty  dcgcnenition,and  the  lumina  of  the  acini 
nd  tubules  may  be  filled  with  milk-likc,  fatty  material.  In  other 
Cju***  prf>nounccd  cystir  fiistciition  o<"  the  gland  occurs. 

Kesults  of  Hypertrophy  of  the  Prostate. —  Knlargements  of  the 

•state   usually  int<'rfi're  with   tin-  clischarge  of  urim-.     This  is 

irticularly  marked  in  cases  in   which   the  middle  lolte  proje<'t8 

the  urethra,  thougii  in  sonic  instances  the  opposite  result  may 

produced,  viz.,  incontinence  of  urine  due  to  interference  with 
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the  contractions  of  tht-  spliinctcr  of  the  neck  of  the  bladder.  In 
cases  of  enlargement  of  one  of  the  lateral  lobes  obstruction  totlie 
flow  of  nrine  is  caused  by  lateral  deviation  and  compression  of  tW 
urethra. 

The  mnsctilar  walls  of  the  bladder  at  first  become  hyper- 
tnii>lricd  and  dihilatioii  of  the  bladder  subsequently  occiit*. 
Cvstitis,  distetitioii  of  tlie  uretei-s  and  renal  pelves,  and  asecinl- 
inp  infection,  causinj;  ureteritis,  pyelitis,  and  pyelonephritU,  art 
amonj;  the  late  n.>sult.s. 

Sarcoma. — Sanoma  is  a  rare  tumor  of  the  prostate.  It 
generally  has  the  characters  of  lyinphosjircoma,  and  is  a  rapidly 
grnwinfi,  destructive  tumor.  In  a  few  cases  combination  with 
adeniinia   lias  l>efn  observed. 

Carcinoma  of  the  prostate  is  more  frequent  than  sarcoma, 
thoufrh  it  is  not  a  eominon  tumor.  It  occurs  in  relatively  young 
persons.  The  tumor  arises  from  the  epithelium  of  the  tubules, 
and  tjikes  the  form  of  nmlular.  grayish  or  white  masses  whirh 
cause  irr<')^«lar  enlarijements  of  the  glan<l,  and  not  rarely  jinijrt't 
into  the  uretlira  or  t!ie  l»ase  of  the  i)ladder.  Superficial  ulo>ra- 
tion  of  tile  niufous  membmne  over  these  projections  is  not  infre- 

Suent.  The  stroma  of  tlie  glaml  usually  pnjliferates  aetivtlv, 
Ieta.stasis  to  the  inu;uinal  glands,  or  to  distant  parts,  iucludiog 
the  bones,  is  not  infriquent  :  but  direct  extension  to  the  bladder, 
sominal  vesicles,  or  rectum  i^  more  common. 

Cysts  of  the  prostate  are  usually  the  result  of  retention  of  «u- 
dates  within  the  glands  or  their  thicts.  Occasionally  cystic  foruu' 
tioDS  seem  to  arise  from  remnants  of  Miiller's  diicta. 


COWPER'S  GLANDS. 
Inflammatory  conditions  are  met  with  in  these  glands  in 


ciation  witli  similar  alfcctious  of  tlie  ])rostate.  Occasionzdly,  inde- 
peuduiit  iuflainmation  of  Cowjier's  glands  results  from  posti'rior 
urethritis.  The  gland  is  enlarged  and  ])resent.s  the  usual  appiir- 
anci'S  (tf  inflammation.  The  termination  may  be  abscess-fomiation. 
Obliteration  of  the  mouths  of  the  ducts  mav  iK'casion  cvstic  ("oo- 
ditions  in  the  glands,  and  carcinoma  has  been  descrilnHl. 


I 


I 


\ 
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THE  SEMINAL   VESICLES. 

Inflammation. — Ar^ufe  inflmnmafion  of  the  seminal  vaiolw 
may  occur  in  asso<'iation  with  gonorrheal  urethritis.  The  vesi- 
cles become  distended  with  seminal  secretiim  an<l  mucopurulpnl 
exudate.  Their  walls  are  swollen,  and  the  mucous  membtBrn- 
present"?  the  apjwarance  of  catarrhal  inflammation. 

Chronic  injiammation  may  result  fn>ni  the  acute  fonu,  and 
causes  contraction  and  th 
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Tuberculosis  uf  the  sotuiiial  vesicles  is  coninion  in  cases  of 
urogenital  tijlii'riulu.^i.s.  The  vesicles  are  nirely  Imlcpcudently 
afftfted.  Tlie  walls  hecunic  tliiekciicd  and  may  present  iKidular, 
cheesy  masses,  and  then;  may  tie  ideeniti<iiis  of  the  mticdiis  siiriaee. 
The  <-avitie.s  of  the  vesicles  contain  caseous  or  jiiirit'orni  material. 

Tumors. — I'riiiniri/  ciin-iiwiiHi  has  l>ecn  descril»ed  ;  hut  .'<i'COti<l- 
ai'n  carcinoiiKi,  residting  i'ronj  extension  of  cancer  of  the  adjacent 
structures,  is  mure  conunon. 

Cy»tic  dixfenthni  and  tlie  formation  of  dlverficuhi  result  from 
obstructions  of  t!ie  ejaculatory  dnet.  The  contents  of  the  vesicles 
in  such  cases  an'  seniniiieoas  in  eharaeter. 

Concretions  fretjueutly  result  from  calcification  of  inflamma- 
ton.'  exudates.  They  arc  es|H'cialIy  frequent  in  association  witli 
tubercidosis. 

■  THK  MAMMARY  GLANDS. 

■  CONQEMTAL  ABNORMALITIES. 

■  Abeence  of  one  or  both  breasts  may  occur  in  association  with 
other  defects  of  development  of  the  thoracic  walls.  Incomplete 
develoj)ment  of  the  tnainuiary  jjlands,  or  hypoplasia,  may  be  asso- 
ciated with  hy|K)]ilasia  of  the  genital  organs. 

Supernumerary  mammary  glands  are  frequently  observed ; 
the  term  poli/mtinlitt  is  given  this  condition.  The  supcrnumerarj' 
gland  or  glands  maybe  situated  betncen  the  normal  glands,  below 
these,  or  in  distant  parts,  such  as  the  back,  shoulders,  ami  arms. 
They  nuiv  iweirr  in  either  sex,  and  may  be  structurally  complete 
and  functionally  active ;  or  may  be  merely  iTinnded  masses  of 
mammary  tissue  without  cxcretor}-  ducts  or  nipples.  In  the  latter 
instances  the  probable  explanation  of  the  condition  is  that  in  the 
process  of  devclojHiicnt  jiarts  of  the  normal  glands  have  been  split 
oflF  and  have  separately  developed. 

Early  Development. — The  mammary  glands  may  be  de- 
veloped at  an  abncvrmally  early  pei-iml,  in  correspondence  with 
early  <levelo]>ment  of  the  genital  orgiuis. 

Abnormal  functional  activity  (secretion)  mny  be  stimu- 
lated i)y  various  diseases  of  the  genital  organs;  and  in  the  new- 
born of  either  sex  during  the  first  week  of  life  slight  secretion  of 
colnstruni-like  material  is  frequent. 

Abnormal  development  of  the  male  breast  is  occasion- 
ally observed,  especially  aimut  the  age  of  puberty,  and  sometimes 
copious  .secretion  of  milk  takes  pla<'e.  Usually  the  organ  subse- 
quently ati-ophies,  but  exceptionally  the  enlargement  and  secretion 
\yersiat. 

CIRCULATORY  DISTURBANCES. 

Hyperemia  cteeurs  during  the  menstrual  jieriod  and  at  the 
beginning  of  lactation,  as  a  physiologic  process,  and  causes  slight 
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swi-lliii'T  and  reiliicss.     PatLologic  hyperemia  plays  a  part  in  the 
pnx.'t's.s  lit'  iiirtuiumatioii. 

Hemorrhages  are  u.-^imlly  the  result  of  traumatism.  Thcj 
mav  occur  inti»  the  frlaml  itself,  or  into  the  cnnneetive  tissue  in 
front  of  (tr  behind  tlic  ^ian<l.  Occasioniilly  hernorrliap?s  arc  due 
to  intcnsL'  inHamnintion  or  to  tiimor-formatiou.  The  hJrKwl  may 
find  its  way  into  the  lactiferous  tulnil<."S,  and  may  Ik-  in  jiart  ijij- 
fharffod  from  tlie  nipple.  In  wise  of  large  henaorrhages  the  Woxl 
may  subsequently  undergo  absctrptiou  or  inspiiisation,  and  hi'mor- 
rhagic  cysts  niay  be  fornR'tl. 

INFLAMMATIONS. 

Acute  inflammation  of  the  mammae,  or  acute  mastitis, 

18  rarely  met  with,  excepting  <luriiig  tfie  puerperium.  Exception- 
ally it  nuiy  tM'cur  in  eases  of  gciicral  pyemia,  or  in  the  new-lKira 
as  a  rwnlt  of  active  secretion  and  olistruction  to  tiie  outleti 
Sometimes  inflammation  of  the  glands  results  from  direct  extcD- 
sion  of  intlammatorv  prt)eesses  of  the  skin,  subcutaneous  tiwuc,  or 
thoracic  walls.  I'iier()cnd  mastitis  is  inl'ective  in  ehanioter,  ;inJ 
results  from  injury  or  disease  of  the  ni}>ple,  fnmi  which  the  infif- 
tive  agents  enter  the  glands.  The  actual  jKirtiil  of  entrancp  nuiy 
be  the  ilis<'harging  tubides,  or  may  be  fissures  ami  erosions  of  tli« 
nip|i!e.  Various  mierivorganisnis  iiave  been  fiiscovered,  inchHliiig 
staphyliM'occi  and  streptococci. 

Pathologic  Anatomy. — The  gland  is  swollen  and  distends  ili 
capsule  tensely,  the  skin  is  n.'ddcned,  and  a  gf-neral  hyperemia  of 
the  gland  is  noted.  I>nringttie  earlier  stages  the  inflammatioa 
may  be  localized  or  may  be  ditTuse.  In  the  former  ease  miifi'  or 
less  circumscribed  iudnratinii  is  discovered,  while  in  the  latter  the 
organ  is  uniformly  indurated.  Tlic  tendency  of  mastitis  is  to« 
termination  in  suppuration.  On  section  through  the  gland  arras 
of  light-yellowish  color  intlicate  the  purulent  infiltration,  while  in 
the  later  stages  more  or  less  extensive  abscesses  are  fornK^I.  The 
latter  may  communicate  with  the  la<'tiferous  tubules,  and  pii:s . 111(1 
milk  may  be  discharged  from  the  nipple.  The  abscesses  tcmi  lo 
cxtcn<l  in  various  directions,  and  may  finally  rupture  n|K>n  the  ?iir- 
face  throut^li  fistulsc.  After  discharge  of  the  pus  gRmulatioD- 
tissue  is  ti>rmed,  and  the  cavities  are  obliterated  by  cicatrieial 
tissue.  When  the  larger  discharging  tubules  are  o]>rned  hv  tlio  J 
abscesses  fistuhc  may  be  fonued,  which  continuously  diM'tiarje^ 
milk.  Small  collections  of  ]>us  may  become  enca]»<ulatc(l  iinil 
insjvissjited,  being  converted  into  cheesy  or  partly  calcificil  matter. 

The  connective  tissues  around  the  mammary  gland  are  .snme- 
times  involved  l)y  extension,  and  suppurative  or  ne<Totii'  fifrimn'- 
(itiM  results.     Extension  to  the  thoracic  walls  and  pleura  i.«  ran'. 

Chronic   Mastitis. — Diffuse   induratioD   of    the    inamnuiT 
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gland,  resembling  in  its  histolc^ic  features  the  indurative  or 
chronic  interstitial  inflammations  of  other  organs,  is  occasionally 
seen  in  middle-aged  or  old  women.  The  causes  are  obscure,  and 
it  is  difficult  to  distinguish  some  of  the  cases  from  certain  forms 
of  fibromatous  tumors.  The  gland  becomes  hardened  and  some- 
times slightly  increased  in  size.  In  other  cases  retraction  of  the 
connective  tissue  causes  a  reduction  in  the  size.  On  section  firm 
bands  of  connective  tissue  are  conspicuous,  and  the  lactiferous 
tubules  may  be  distended,  forming  small  or  large  retention-cysts. 
This  form  of  disease  will  be  further  discussed  under  Fibroma. 

ATROPHY  AND  HYPERTROPHY. 

Atrophy  of  the  gland  occurs  as  a  physiologic  process  after  the 
menopause,  or  it  may  result  from  local  causes,  such  as  abscess  or 
tumor-formation.  Artificial  menopause,  following  oophorectomy 
or  diseases  of  the  reproductive  organs,  may  occasion  atrophy  simi- 
lar to  that  normally  present  in  old  age.  The  gland  may  simply 
decrease  in  size,  without  notable  change  of  any  other  kind.  Some- 
times, however,  connective-tissue  hyperplasia  accompanies  the 
atrophy  of  the  glandular  elements,  and  diffuse  infiltration  may 
occur. 

Hjrpertrophy  of  the  gland  is  sometimes  met  with  in  girls  at 
the  age  of  puberty,  and  leads  to  a  uniform  enlaigement  of  the  or- 
gan. In  some  cases  there  is  a  true  hyjMjrtrophy  of  all  the  con- 
stituents of  the  gland ;  in  other  instances  dilatation  of  the  lym- 
phatic channels,  or  degenerative  changes,  may  cause  a  simulation 
of  true  hypertrophy.  Both  breasts,  as  a  rule,  are  affected,  and 
there  may  be  increased  functional  activity  {galactorrhea). 

DEGENERATIONS. 

Fatty  infiltratioii,  or  lipomatosis,  of  the  gland  may  accom- 
pany atrophy,  or  may  occur  as  an  independent  condition.  The 
gland  may  be  greatly  enlarged.  AccomiMnying  this  degeneration 
there  is  usually  diffuse  hyperplasia  of  the  connective  tissue. 

Myxomatous  degeneration  may  be  associated  with  fatty 
infiltration. 

INFECTIOUS  DISEASES. 

Tuberculosis  of  the  mammary  gland  may  be  associated  with 
tuberculosis  of  the  axillary  glands,  or  of  other  parts,  or  may  Im? 
primary.  The  tubercle-bacilli  reach  the  gland  cither  through  the 
lactiferous  tubules  or  through  the  blood.  The  <lisease  is  charac- 
terized by  the  formation  of  distinct  tubercles,  which  tend  to  unite 
and  form  caseous  areas.     There  is  rarely  extensive  disease. 

SyplliliSt  in  the  form  of  gummata,  is  sometimes  met  with  in 
acquired  or  congenital  syphilis. 
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TUMORS. 

Fibroma  may  bo  met  with  in  tin-  form  of  cirfiimscribcHl  noui^ 
lar  growtlis,  or,  aoconling  to  the  view  of  some  pathologists,  as  a 
<litfuse  pnx-«8s.  Circiira9crihe<l  tibroma  preijents  itself  as  a  lianl, 
niKhilar  tumor,  often  having  a  distinct  <'apsule,  ami  on  sectiou 
presenting  a  lamellar  arningement.  The  glandular  element*  of 
the  orgiin  in  the  area  of  invasion  may  undergo  sceondary  hyper- 
jilasia,  and  llius  a  form  of  fibro-adenoma  may  be  develoj)ed.  In 
the  eases  termed  ilifi'dMr  JiOroma  the  entire  org:in  may  be  indurated, 
or  nodular  areais  of  seleiiisis  may  Ix;  found  in  various  parts  of  tliu 

f;land.  The  acini  and  ductM  may  at  the  stime  time  undergo  pn>- 
ifemtion,  forming  adenomatous  structures  ;  or  compression  of  the 
duets  may  lead  to  retention-rvsts.  It  is  diHicult  to  determine  in 
individual  crises  whether  the  process  is  one  of  tumor-formation  or 
one  of  inrtammatory  hyperplasia. 

A  form  of  particular  interest  is  that  known  as  intracatialicn- 
lar  fibroma.  In  this  the  pndifeniting  fibrous  tissue  projects  into 
the  normal  or  dilated  tul)ul('S  in  tlie  i'orm  of  pai)illarv  elevations. 
Tile  nuicosa  lining  tiie  tulmles  is  pushed  forward  by  the  ingntwtlis, 
and  covers  these  in  the  siune  manner  as  epithelium  covers  super- 
ficial papillomatit  of  the  skLn  or  mucous  membranes.     The  gland 
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Fre.  334.— Intracanalicular  Abrnmn  of  the  msmmary  gland  (KAuftnitnn). 


may  be  greatly  enlarged,  and  on  section  presents  an  appearance 
resembling  tliat  of  a  cut  through  a  cauliflower  (Fig.  ;J34). 

I^ipoma  (if  the  niannnary  glands  occurs  in  the  form  of  rounJ, 
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ncapsulated  tumors  of  the  interstitial  or  periglandular  connective 
issues. 

Myxoma  may  oeeur  in  a  diffuse  furni,  eaiising  a  transforma- 
ion  <>t"  tlie  glanil  into  myxomatotis  material,  or  as  eireumseriiii-d 
iimors. 

Myomata  eontaiMiiifr  smoutli  nmscle-til)ers,  and  mixed  tumors 
;ontaiiiinir  striated   mtisele-filiers,  are  rare. 

Chondroma  and  osteoma  have  been  observed. 

Sarcoma  is  mtist  ireniu-ntly  of  tlie  round-eell  variety.  It 
K-eurs  in  a  diffuse  form  or  as  cireuniseriljeil  mMlules ;  association 
*'itli   fibroma  and  myxoma  is  not  iui'reijueut. 

In  illJ'iiMi-  mircoiii't  tlie  trlaiul  underj^oes  a  unitMrni  enlargement, 
mil  the  nenplasiti  extends  ni|tid!y,  foriTiiiig  attaehmeats  to  the 
skin  and  sometimes  eaiising  siij)ertieial  uleeration.  In  other  eases 
jxtension  towanl  the  ehest-walls  niay  oeenr,  and  may  finally  reach 
:he  pleura.  On  seetion  tlirongli  the  gland  a  lobular  eharaeter  of 
the  tumor  may  be  reeogniziil,  and  areas  of  tibnuis  or  myxiimatous 
jharaeter  are  visible  here  and  there.  Cystie  condittuns,  sunietimes 
met  with,  may  lie  due  to  ob>truttion  and  eonsequent  distention  of 
:he  lactiferous  tubules.  The  term  rifulosarcoma  is  apjiropriately 
ipplicd  to  sneh  eases.  The  sarcomatous  tissue  may  project  into 
die  dilated  tubules  in  a  [tolyjioid  form  (httravdnaticulur  mircoma). 
Seetion  through  the  glami  in  such  eases  pivsents  an  ajipeanince 
not  unlike  the  surface  of  sect iini  of  a  head  of  eabliage.  Cysts  may 
»lso  be  formed  in  sarenniafa  by  deg<'nenitive  sfiftening. 

Lucalized  iKirroMtftd  oeeur  as  nodular  tumors  arising  from  the 
connective  tissue  surrounding  the  acini.  On  sectinn  through  the 
tumor  the  glandular  acini  may  be  seen  within  the  nodules. 

In  any  form  of  sareonia  the  epithelium  of  tiie  lubuli's  and  acini 
niav  undergo  secondary  jiroliferation,  when  the  term  iiffenusarcmnn 
m  appli<'a!>le. 

I  Adenoma  of  the  maniuiarv  glands  may  be  an  independent 
4;powth,  or  may  be  associated  with  tibrfima,  sarcoma,  or  other  tu- 
mors. The  independent  form  presents  itself  as  a  eircumscrilicd, 
sneapsidated,  nodular  tumor,  somewhat  firmer  than  the  sulistance 
■jf  the  nnrnial  gland.  Mieniscopically  it  consists  of  inon'  or  less 
tvpical  glandular  ai'iui.  These  are  usually  somewhat  dilated,  and 
the  epithelial  eelis  are  larger  than  tlio.-e  of  the  normal  gland  (Fig. 
54).  Instead  of  a  single  layer  of  cohuunar  cells,  active  hyperplasia 
may  cause  a  complete  filling  of  the  acinus  with  epithelial  cells. 
Fatty  degeneration  <if  the  cells  is  not  infre(|Ueiit,  and  sometimes 
there  is  a  certain  amount  of  milk-secretion,  causing  additional  dis- 
tention rif  the  i-avitics. 

Carcinoma. — ('areimnua  may  develo|t  from  the  tubules  or 
from  the  acini  of  the  glamls.  It  may  liegiii  as  an  adenomatous 
tumor,  which  suliseipieutly  undergoes  carcinomatous  transforma- 
tion, or  may  be  a  typical  glandular  i-aueer  from  the  beginning. 
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In  the  oasps  primarily  adciioiuatons  the  stnicturt?  of  the  acini 
comes  atyj)if)il  uml  tin-  rpitiu'lial  foils  tcinl  t<i  |)ciietnite  the  raci 
i>nina  ])ri)]triu  ami  i'oriii  irrc^^iiUir  culk-ctiini.s  or  cohiniiis  in  liia 
iut<>rstitial    tissue.       Degetienitive    chanjiC!*   are   often    iibser%-i' 
amonj;  wliich  fatty  tlegeneration  is  most  frequent.     Mucoid  de 
^•ncTaliiiii  and  a  i'oriii  of  caseation  are  H4)nietitnes  met  with,  and 
caleificatiun  may  take  place   in  the  interstitial  tirtsues.     Occusiou- 
ally  an  attempt  at   formation  of  milk  ociurs  in  the  (-.mcer-aciui. 

Varieties. — Among  the  varieties  of  ciiroinoma  are  the  medul- 
lary, the  simple,  the  scirrhous,  and  the  inyxomutous. 

MedviUary  carcinoma,  i»r  soft  cancer,  is  chanicterized  hy  itai 
softness  and  the  ai>ini<l:ince  of  liquid  (cjmccr-juice).  It  growsj 
rapidly  and   sikmi   invades  a   lart;c  part  of  the  ujland,  an<l  attaches ( 
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Fio.  JI3&.— ricerated  carcinoma  of  ilit  brtiui. 

itself  to  the  skin,  which  may  finally  Ik-  broken,  exjiosing  an 
ulcerated  surfjiee  (Fig.  335).  Actual  inflammatory  changes  Itr- 
minating  in  sujipuration  are  not  infivipicnt. 

Scirrhous  cancer  is  slower  in  growth,  and  is  usually  vi-rr 
hard  ;  the  skin  is  finnly  attached  to  the  tunii>r,  and  the  nipplr  w 
usually  retracted.  On  sectiitn  the  tumor  is  found  to  he  of  a  firm, 
fibrous,  and  somewhat  translucent  character ;  extensions  of  the 
growth  arc  seen  radiating  in  various  directions  from  the  ImhIv  of 
tlie  tumor.  Micro.-icopically  the  growth  consists  of  fa^icnlat*^! 
connective  tissue,  enclosing  round  or  elongate*!  coUections  of 
cancer-cells  (Fig.   72). 
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Smple  carcinoina  sfcinrls  between  the  metlullan'  and  the 
cirrlioiis  forms  in  point  of  hardness,  as  well  as  in  jioint  of  malig- 
lancy.  The  tiiree  forms  difler  only  in  the  relative  amount  of 
■pithelial  elements  and  tibroiis  tissue. 

Myxomatous,  colloid,  or  grelatinoua  cancer  is  a  rare  form  in 
vhich  the  interstitial  connective  tissue  snfl'ers  mucoid  eliange,  and 
he  epithelial  cells  of  the  eaneer-aciui  undergo  more  or  less  fatty 
>r  exeeptionally  mucoid  ih'frcucration  (Fig.  73). 

Beanlta. — C'luiuer  of  the  breast  may  extend  directly  to  the  sub- 
cutaneous tissues  and  skin  en  the  one  bantl,  or  to  the  walls  of  the 
;hest  and  pleurj  on  the  other  hantl.  Metastasis  frequently  takes 
>lace  tiirnugh  the  lynipliaticsi,  the  a.\ilhiry  glands,  as  a  rule, 
>re8enting  the  first  evidence  of  nietastasi.^.  Malignancy  varies 
yitli  the  softness  or  hardllcs^  of  the  tumors,  the  scirrhous  form 
Tequently  having  a  conipanitively  lieuigo  character.  Sometimes 
he  increasing  growth  of  C4iuncctive  tissue  in  this  variety  leads  to 
jractical  cessation  of  the  growth  of  the  tumor. 

Mammary  cancers  arte  much  more  fri'i|ueiit  in  the  female  than 
n  the  male  sex.  Thcv  are  cunimonly  met  with  after  the  age  of 
brty,  and  traumatic  infiuenees  seem  to  liear  some  rchition  to  their 
xjcurrence. 

Cysts. — Repeated  reference  has  been  made  to  the  reteution- 
;ysts  of  tlie  lactiferous  tubules  caused  by  compression  or  other 
bmis  of  obstruction.  The  gland  nuiy  contain  a  i"cw  iir  many 
rystic  cavities  about  the  size  of  a  ]><»,  containing  whitish  or 
nilky  liquid.  Occai*ioually  the  contents  of  the  t-ysts  are  cheesy 
aihrromatoiut).  Distention  of  the  acini  of  the  glands  in  conse- 
juence  of  obstructions  to  the  outflow  of  milk  mav  lead  to  large 
!VStic  tumors  containing  milk  {ijahc(on-lr).  In  flie  later  stages 
.he  contents  of  such  cysts  may  become  thickened  or  caseous. 


CHAPTER   IX, 


DISEASES  OF  THE  B0NE5. 


Anatotny  and  Development.^ — Houe  \»  a  dense  form  of 
ionnective  tissue,  the  cement-substance  being  impregnated  with 
ime-salt.s.  It  may  be  spongy  or  compact  in  character.  On 
xansverse  section  one  sees  certain  oval  openings,  surrounded  l>y 
»ncentric  lamellie  of  a  substance  containing  lime-salts.  Vlswh 
)penine  is  the  end  of  a  so-<^allcd  Haversian  taual,  which  with  the 
inrrounding  lamelln"  forms  an  Haversian  system.  The  areas  be- 
;ween  the  Haversian  systems  are  filled  with  osseous  tissue  not 
irranged  concentrically.     Between  the  lamellro  of  bony  tissue  are 
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seen  irregularly  oval  spaces — lacunte — from  wliich  run  branchirjjn 
canaliculi.  In  proijarations  of  fresh  bono  tho  lai'unie  are  found  toj 
be  occupied  by  the  bone-cells,  which  are  irregidar  and  have  branch- j 
ing  pnycctions  extending  some  distance  into  the  canaliculi.  Inl 
the  center  of  the  bones  are  found  hollow  spaces  containing  thej 
bone-marrow.  This  is  a  vascular  tissue,  in  the  meshes  of  which  ' 
are  found  large  and  small  rounded  cells  resembling  the  lymphoid 
cells,  red  corpuscles,  ordinary  leukocytes,  and  some  nucleated  mii 
corpuscles.  A  form  of  cell  of  particular  interest  is  the  large  mul-l 
tinudeated  giant-cell,  or  myeloplaque.  The  marrow  extends  in| 
tiie  form  of  projections  into  the  substance  of  the  bone  and  com-l 
municates  with  the  Haversian   canals. 

Surrounding  the  bone  is  the  fibrous  periosteum.  This  consists  I 
of  a  dense  outer  layer  and  a  more  cellular  inner  one,  which  is  osteo-  j 
genetic  in  function. 

Development. — Tiie  beginning  of  the  change  of  the  original  car- 
tilage into  bone  consists  in  the  multiplication  of  the  cartilage-cells  I 
and  their  arrangement  in  longitudinal  rows.  They  grow  into  car- 
ttlage-corpus<:les  of  considerable  size,  calcification  at  the  same  time 
occurring  in  tlte  matrix  between  these  cells.  Simultaneously  vas- 
cular projections  extend  inward  from  the  perichondrium  ;  the  car- 
tilage-cells and  preliminary  calcareous  deposit  are  subsequently 
removed,  primary  marrow-spaces  being  thus  formed.  Bone-cells 
arc  deposit/cd  in  the  spaces  between  the  original  cartilaginous  tra- 
beculffi,  and  at  once  begin  to  cover  tliemselves  with  bony  deposits 
the  cartilaginous  trabeculje  gradually  diminishing  by  absorption. 
By  these  processes  a  spongy  form  of  lione  is  developed.  Subse- 
quently the  concentric  calcareous  lamellte  of  the  Haversian  sys- 
tems are  deposited  within  the  spaces,  and  the  spongy  bone  is  thus 
converted  into  the  dense  form. 


DISORDERS  OF  DEVELOPMENT. 

Many  congenital  defects  of  development  are  observed,  such  «s 
the  appearance  of  supernumerary  bones,  the  absence  of  certnin 
bones,  the  failure  of  union  between  epiphyses  and  diaphyses,  etc. 
These  conditions  are  of  little  pathologic  interest.  One  condition 
of  considerable  interest  (rachisehisis)  is  considered  on  juige  804. 

The  most  important  aevelopmental  disease  is  rickets. 


RICKETS. 

Definition. — Rickets  or  rachitis,  is  a  constitutional  disorder, 
attended  with  abnormal  developmental  proces.se8  in  the  bones,  of 
which  active  proliferjition  of  the  eelltdar  elements  and  lack  of 
normal  ealeifieation  are  the  most  important. 

Etiology. — The  causes  of  rickets  are  still  ver\'  obscure.  The 
disease  is  in  some  way  connected  witli  improper  nourishment,  though 
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bere  is  probably  also  an  inherited  dis|)onition.  It  has  been  sought 
establish  a  connection  between  rickets  and  syphilis,  but  any  such 
relation  is  doubtful.  Various  chemical  theoiies  have  lieen  offered 
in  explanation.  Formerly  it  was  supjwsed  that  the  presence  in  the 
digestive  tract  of  lactic  acid  in  excess  prevented  thenrojK'ral.isorp- 
tion  of  cjilcium ;  this  theory,  however,  is  generally  aban<loned. 
The  disease  occurs  in  infants  during  the  lirst  year  of  life,  and 
continues  during  the  second  and  third  years,  after  which  the 
active  manifestations  subside. 

Pathologic  Anatomy. — Rickets  leads  to  various  deformities, 
principally  situatttl  in  the  long  bones  and  skull.  The  epiphy- 
ses, a-s  those  of  the  wrist,  ankle,  etc.,  are  swollen,  and  in  more 
advanced  stages  the  shafts  of  the  long  bones  may  be  variously 
iistorted. 

Sharp  bonds  {infractions)  may  be  ob8er\-ed  in  the  long  bones, 
'and  complete  fractures  may  occur.  The  alteration  of  the  skull  is 
chanicteristic.  The  head  is  large  and  square  in  sha{M>,  the  fore- 
hesul  prominent,  and  the  fontaiiclles  remain  open  a  long  time. 
OsttMjphytcs  may  form,  ami  not  rarely  areas  are  tbund  in  tlie  tem- 
jKiral  or  other  bones  in  which  the  mineral  substance  is  deticient 
>r  almost  completely  wanting  (eraniutubrii),  the  spaces  being  filled 
»y  a  parciiment-like  membrane.  Deformities  of  the  chest  are 
freijiieiit,  the  chicken-breasttnl  condition  being  the  most  marke<l. 
In  th»-  Iteginning  of  the  disease  slight  enlargement  of  the  ends  of 
"be  ribs  at  the  junction  with  the  costal  cartilages,  ctiusing  the 


A.— Bacbltlc  enlusement  of  the  end  of  a  rib  (modlfled  from  Bolllng«r). 

ended  appearance  called  the  "  rachitic  rosarj',"  is  observed  (Fig. 
.»>).     Various  distortions  of  the  spinal  column,  flattening  of  the 
'pt'lviss  and  other  deformities  may  be  met  with  in  marked  cases. 

The  mimUc  chnnr/e^  of  rickets  consist  in  a  form  of  abnormal 
development,  in  which  calcareous  deposition  dm's  not  progress  in 
the  normal  manner,  but  is  replaceil  by  proliferation  of  the  ctilular 
elements.  In  consequence  of  this  the  bone  presents  irregular  areas 
of  ]>nrtial  calcification  lying  between  portions  made  up  of  greatly 
proliferated  and  i-nhirged  i-jirtilage-i-ells.  Proji-ctious  from  the 
marrow  and  |)eriiisteum  extend  deeply  and  visibly  into  the  UkIv 
the  bone,  which  is  thus  comjKJseu  for  the  must  jiart  of  osteoid 
ead  of  osseous  tissue.  The  marrow-sj)aces  are  irregular  and 
cessive  in  size.      These  changes  in  the  bone  are  marked  at 
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the  epiphyseal  extremities,  and  thus  lead  to  the  visible  enlarge- 
ments. It  is  thus  seen  tliat  the  pnx'ess  in  rickets  is  failure  of 
develi>pment  of  the  normal  structure,  rather  than  absorption  of 
existing  Ixjne.  The  original  calcareous  deposit  around  the  carti- 
lage-cells is  largely  or  couipletcly  absorlied,  as  in  normal  bone-for- 
mation, and  uftiT)  even  n>ore  rapidly.  The  subse<juent  deposit  of 
calcareous  bttue  does  not  form,  but  in  place  of  it  there  occurs  a 
rapid  proliferation  of  cartilugiuous  and  other  cells. 

Associated  Conditions. — The  changes  in  the  bones  do  not 
constitute  the  entire  patlmjugy  of  rickets.  There  are  frequently 
gastr<»-intostin!il  disorders,  such  as  catarrhal  inflanimations  of  the 
mucous  iiicmhnun.'.  ]*ri>iifL'nitive  cliauges  are  met  with  in  tlie 
spleen  and  liver,  leading  to  fibrous  overgrowth  and  enlargement, 
and  the  blood  is  more  or  less  protouiidly  altered.  Decrease  in  the 
number  of  red  ci>rpuse!es  and  leukocytosis  are  the  conspicuous 
features.  Nucleated  red  corpuscles  may  be  found  in  more  or  le* 
al)undanee,  neeonling  to  the  grade  of  anemia,  and  the  leukocytosis 
involves  a  special  iucifiise  of  mononuclear  elements,  and  myelo- 
cytes  may  be  present. 

Cong'enital  rickets  differs  in  some  respects  from  the  dis- 
ease met  with  afterbirth.  The  extremities  are  short  and  thick, 
the  ends  of  the  bones  enlarged,  and  the  shalt.^  bent.  There  is 
increase  of  the  original  cartilage  and  of  the  periosteum,  with  as 
arrest  of  development  of  the  bones. 

REGENERATION  OF  BONE. 

Regeneration  of  bone  occurs  most  typically  in  the  healinpof 
fractures,  and  also  as  a  part  of  various  psifhologic  proce*.scs  in 
which  a  certain  amount  i>f  destruction  of  bony  ti.ssne  has  taken 
place.  Hyjiertropliy  may  be  included  in  the  same  group  of  affet>- 
tions. 

Practtires. — Definition. — Fractures  are  breaches  in  the  con- 
tinuity of  l)one  which  occur  in  consequence  of  dinn.-t  forr«  of 
of  muscular  contnietions.  The  bone  may  be  broken  in  vari- 
ous directions,  the  line  of  fractiin-  being  straight  or  irregular, 
directly  transverse  to  the  long  axis  of  the  bone,  f>r  oblitiue.  The 
bone  may  be  bmken  into  a  number  of  splinters  {eommiuiUfrl  fraet- 
urr),  or  the  fracture  may  be  a  single  one.  There  is  alwavs  more 
or  b'ss  injury  to  the  sofl  parts  imme«liately  summndii^  tlie  boo*, 
and  sornciimes  extensive  injury  causes  eommunii-ation  between  the 
outer  surface  and  the  seat  of  fracture  through  flesh  woands  («•■ 
pound  frnrfurf). 

Repair  of  Fractures, — The  pn^ess  of  repair  is  mnch  the  oudtM 
the  process  in  the  original  formation  of  bone.  Immediately-  iflff 
the  fracture  there  is  more  or  less  hemorrhagic  oxtnivasatiao  with- 
in the  mamnr  and  around  the  broken  ends  of  the  bone.     Within 
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a  few  days  cellular  iiifiltnition,  with  eonfi^stion  and  edeniatous 
swelling  of  the  perinsteuni  and  marrow,  as  well  as  of  the  Imjik'S, 
may  be  noted,  rniliferative  changes  then  take  plaue  in  the  stinie 
situations  and  new  blfHRl-vessels  iire  formed.  The  tissue  soon 
becomes  somewluit  hardened  from  deposit  of  ealeareou.s  niiittt-rand 
cartilaginous  formation.  Its  condition  varies  greatly  in  different 
cases ;  sometimes  it  is  rjuite  fibrous,  in  other  cases  almost  purely 

I  cartilaginous.  Gradually  it  is  cons'crted  into  bone  by  tfic  regular 
processes  of  bone-formation.  At  this  stjige  the  seat  of  fracture  is 
occupied  by  a  deposit  of  soft,  bony  material  of  considerable  bulk, 

I  whicn  causes  a  local  thickening  of  the  bone.    Finally  the  excess 


C. 


Fio.  337.— Fracture  of  the  femur,  shnw- 
iog  malposition  of  the  emln  of  the  bone 
and  abundant  calliu  (moditled  from  Bol- 
linger). 


Flo.  SSS.— Fracture  of  hiinieru> ;  lec- 
tion tbrouKh  the  bone,  showliiK  the  repair 
of  the  fk-acture  (mudined  from  Bollinger). 


'  is  removed  by  absorption,  the  parts  in  the  direct  line  of  the  Ijone 
upon  which  the  strain  naturally  falls  bet;oming  thickened,  while 
other  parts  are  ab.sorbed. 

I  The  original  deposit  of  08teoi<l  or  chondroid  material  at  the  seat 
of  fracture  is  tcrmc^d  I'nUufi  (Fig.  ."iST).  Part  of  this  is  defwsited  on 
the  exterior  ( /)erJo.'rf«f/  calfus),  and  is  derived  from  the  periosteum  ; 
part  is  within  the  marrow-cavity  [myeloffenous  callus) ;  and  a  third 
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part  is  sometimes  seen  between  the  ends  of  the  hone  {iiUertnediaiy 
callus).     Tlie  last  is  nnnlucetl  by  the  (K-riosteuiu. 

The  healing  of  fractures  under  the  most  favorable  circnin- 
staneejs — that  is,  in  cases  in  which  the  fragment*"  of  bone  are 
restore<l  to  tlieir  proper  position — is  accomplished  with  but  little! 
disturbance  of  the  normal  relations.  The  seat  of  fracture  mavJ 
be  permanently  tliickcried,  and  there  is  always  some  shortening  of  I 
the  affected  l»one.  When  the  fragments  are  not  placed  in  pn)|)er  j 
positittn,  angular  deformities,  witli  considerable  thickening  from[ 
deposit  of  l>ony  material  between  the  fragments,  result  (Fig.  338). 

When  the  fragments  are  n<it   kept  in  apposition,  or  when  the] 
general  condition  of  tiie  patient  is  unsatisf!ii't<irv,  the  union  of  tiie ' 
fragments   may  be   prevented  and   "  ununiteil   fractures "    result. 
The  ends  of  the  fragments  in  these  cases  become  rountled  by  ab- 
sorption of  the  sharp  edges,  forming  false  joints  {paeudarthrose»). 


Hypertrophy. 

Local  or  general  hypertrophy  of  bone  may  be  found.  Loeal 
hypertrophies  may  occur  in  consiipicjice  of  increased  strain  urwn 
certain  jwrts  of  a  bone,  either  directly  or  thn)ugh  the  muscles. 
In  muscular  inrlividuals  hypertrophy  of  this  kintl  la  frequently 
seen  at  points  of  attachment  of  th(?  muscles.  In  ca-ses  of  in- 
jury or  incapacity  of  one  of  the  limbs  the  other  may  show 
hypcrtropliy. 

Qiant  growth  of  certain  hones,  or  of  thi'  eiitire  skeleton,  may 
be  observed.  Lfu'^d  hypcrtropliy  of  this  kind,  dating  from  child- 
hood, is  especially  comtiu)n  in  the  upper  extremities,  and  is  fnv 
quently  unilateral.  It  iiuiy  be  ohserve<l  as  a  bilateral  condition  in 
the  fingers.  Com|)]ete  giant  growtii  usually  l>egius  about  the  age 
of  piil)crty.  The  individual,  previously  developed  as  otiiers,  begins 
to  grow  abnormally  luitit  an  excessive  size  is  reached.  The  Ijoiies 
are  not  only  very  large,  but  often  markedly  thickened  and  irregu- 
lar. 

Acromegaly  is  an  allied  condition  in  which  giant  growth  of 
the  hands  and  fei-t,  forciinns  and  legs,  and  parts  of  tlie  face, 
notjibly  the  lower  jaw  and  bridge  of  the  nose,  is  observe<l.  K 
certain  amount  of  hyperplasia  of  the  .soft  tissues  in  the  aflPectwl 
region  accompanies  this  change.  The  etiology  of  this  affection  is 
still  unsettled.  Hyperplastic  conditions,  tumors,  and  other  diseases 
of  the  hyjwphysis  cereliri  have  been  met  with  in  a  considcnihle 
proportion  of  the  cases.  In  some  of  the  skeletons  of  giants 
investig-ated  witii  regjird  to  this  point  enlargement  of  the  sella 
turcica  has  been  fotuid,  and  this  evidences  the  occurrence  of  en- 
largement of  the  pituitary  body  in  .some,  at  least,  of  such  persons. 
The  exact  relation  between  pituitary  disease  and  bony  hyper- 
trophies remains  obscure. 
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CIRCULATORY  DISTURBANCES. 

Hyperemia  is  nonnat  tluring  the  development  of  bone,  or 
lay  accoiiipany  iiirtaniinatorv  (liMtiirbancPS  of  the  nt'if;lii)oring 
parts.  The  iiuirmw  heeuitu's  more  or  less  hglit-  or  dark-red  in 
cohir,  and  tlie  jK'rio.steal  vessels  may  be  injeeted.  The  entire  bone 
jnay  have  a  jiiiik  or  reddisli  color. 
[     Thrombosis  may  (H-cur  in  the  blood-ve.s.sels  of  the  marrow. 

Hemorrhage  lieneath  the  periosteum  atid  in  the  marrow  is 
conipiiratively  uonmion.  It  may  restdt  from  traiimatie  causes  or 
from  scorbutic  or  purpuric  cniiditions,  as  well  as  I'rom  iiiHam ma- 
tor)-  affections  of  the  parts  involved.  Cnnsiderable  soliperiusteal 
hemorrhages  are  fouml  in  eases  of  infantile  scurvy.  The  sepa- 
ration of  the  periostenm  from  the  bone  may  lead  to  necrosis  of  the 
superficial  hiyers  of  tlie  bone.  A  similar  aceumnlation  of  blfwd 
beneath  tlie  periosteum  is  t!iat  found  over  the  bones  of  the  skull 
in  the  new-born — the  n-phnlohnnadtnui.  This  results  from  the 
traumatism  r>f  liibor,  Larjre  accumtdations  of  blood  of  thi.s  nature 
may  be  absorbed  or  may  undergo  suppumtion. 

Hemorrhage  into  the  substance  of  bone  may  accompany  other 
diseases  afl'ecting  it,  such  as  caries,  tumors,  and  the  like. 


t 


INFLAMMATIONS. 
Periostitis. 


Definition, — Periostitis,  or  intlammation  of  the  periosteum, 
may  bc*if  \iiriiius  forms,  and  may  lead  to  different  results.  Some- 
times the  evidences  of  inflammation  an'  very  apparent ;  in  other 
cases  the  disease  ajijiears  in  the  form  of  a  chronic  prwluctivc  pro- 
cess, leading  to  overgrowtb. 

Etiology. — Periostitis  may  be  the  result  of  tniumatism,  with 
or  without  the  establisiiment  of  a  communicating  wound.  In  the 
latter  case  the  injury  provifles  an  area  of  lessened  resistance,  which 
may  subsequently  become  infected.  In  the  former  <'asc  the  infec- 
tion is  direct,  coming  from  the  outside.  Hematogenous  infection 
without  IfK-al  injur)'  is  frequently  observed.  Infective  periostitis 
may  result  from  extension  of  an  inHanuiiation  situated  near  the 
bones  or  from  osteomyelitis.  In  ail  forms  of  bone-{liseasc  more 
or  less  local  periostitis  occurs  as  a  complication.  In  some  cases 
the  etiology  is  obscure,  as  in  the  peritfstitis  which  occurs  during 
pregnancy  and  leads  tfi  the  formation  of  osteo]jhytcs. 

Pathologic  Anatomy, — We  may  distinguish  simple,  sup- 
purative, and  ossifying  periostitis. 

Simple  PeriostitiB. — The  membrane  becomes  swollen,  red, 
and  sometimes  infiltrated  with  blood.  Microscopically  there  are 
round-cell  infiltration  and  proliferation  of  the  periosteal  tissue. 
If  the  process  has  been  extensive,  and  the  irritation  long  con- 
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tinued,  a  termination  in  fibroid  thiciveniug  may  be  observed.    Tliis 
is  not  unusual  in  cases  of  fractures. 

Purulent  Periostitis. — The  tiison-sc  may  bo  circumscribed  or 
ditTusc.  There  are  marked  sweliinjr  and  cellular  infiltration, 
particularly  in  the  deeper  layers,  and  abscess-formation  result*, 
Sppjinition  of  the  jx'riosteum  fn)m  the  iione  ensues,  and  may 
lead  to  local  interruption  of  the  circulation  between  the  peri- 
osteum and  the  bone,  and  consequent  superficial  necrosis  nf  the 
bone  with  exfoliation  rcsultj?.  In  the  dittuse  form  of  periostitis 
widespread  areas  of  the  ixriosteuni  may  be  quicicly  involved  and 
rapitl  destruction  tiikes  place.  In  these  cases  a  considerable 
inflammation  of  the  surroimding  tissues  is  customary.  In  all 
instances  there  is  a  tendency  to  burrowing  of  pus  toward  the  sur- 
face, and  its  eventual  discharge.  The  retention  of  necrotic  piirtious 
of  the  bone  may  lead  to  continued  suppuration,  but  with  removal 
of  the  dead  {>ortions  healing  usually  occurs.  Ostitis  and  osteo- 
myelitis are  very  frequent  results  of  }>eriostitis  ;  on  the  otiier  hand, 
they  may  be  in  certiiin  cjuses  the  original  cause. 

Ossifyiner  periostitis  leads  to  the  formation  of  bony  excres- 
cences, exosto-ses,  or  osteophytes.     There  is  first  a  proliferation 
of  the  osteogenetic  layer  of  the  periosteum,  then  |>artial  ossification, 
and   (inally  complete  itoiic-formation  with  firm  attachment  to  the 
underlying  bone.     These  changes  may  he  circumscribed  or  diffii;*, 
and  cause  irregular  elevations  or  general  thickening  of  the  iwne. 
Occasionally  the  surrounding  connective  tissues   are   implicate<i 
( pnrontltm).     Ossifying  periostitis  may  occur  in  the  vicinity  of 
joints  affected  with  chronic  arthritis.     It  mav  occur  as  a  result 
of  diseases  of  bones  attended  with  considerable  destruction,  such 
as  tumors,  tuberculosis,  eU'.     Occasionally  the  causes  are  entirel.'" 
obscure.     An  interesting  form  is  that  which  occurs  in  the  Ixjnes 
of  the  hands  and   feet,  forearms,  and  legs  in  tuberculosis  of  the 
lungs  and  empyema,  or  more  rarely  in  other  diseases  ;  to  this  the 
term  hypertrophic  oMeo-arUirnpnthy  has  been  applied.     This  i'* " 
form  of  osteo])eriostitis  of  ossifying  type,  and  it  seems  to  be  d"* 
to  the  action  of  circulating  toxins  developed  in  the  diseases  with 
whi<-h  it  is  associated. 

Associated  Conditions  and  Results. — The  conditions  met 
with  in  the  adjacent  bones  and  otiier  parts  have  been  referred  t". 
General  infection  and  iutxixication  may  follow  upon  the  suppurativa 
eases,  and  death  may  then  occur  from  se|)ticopyemia,  Pennunt'Dt 
thickening  of  the  bone  may  result  in  any  ca.se,  or  resolution  ni»J' 
be  practically  complete. 


Osteomyelitis  and  Ostitis. 

Definition. — Acute  osteomyelitis  and  ostitis  are  nsually 
bined,  and  occur  as  an  inflammatory  condition  affecting  the  ma^ 
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row  and  its  extensioDS  into  the  communicating  canals  of  the 
bone.  The  lamellar  substance  of  tlie  bone  is  only  secondarily 
involved. 

Etiology. — (Istoomyelitis  is  au  infective  disea.se  resnlting 
from  bi'iuatogenoiis  infection  in  tlic  ('(jiirsf  of  various  diseases^ 
from  local  infections  in  ca.scs  of  trauma- 
tism (fracture,  amputation),  or  from  jicri- 
ostitis.  Various  niicro-org;inisms,  includ- 
ing stiiphylococci,  streptococci,  typhuid 
bacilli,  and  the  Bacillus  coli  communis, 
have  been  discnvcrcd. 

Pathologic  Anatomy. — The  nar- 
row first  bccDUics  red  and  edematous, 
then  cellular  infiltration  and  prolifenition 
are  superadded,  and  linally  collections  of 

I  (US  or  ditl'use  ]uirulent  tninsforniation  fbl- 
ow.  The  surrounding  bouc  is  involved, 
becoming  more  or  less  infiltrated,  soften- 
ing, and  not  rarely  undergoing  necrosis 
(Fig.  3.39).  Small  or  large  sequestra  may 
be  formed,  or  the  bone  may  necrose  com- 
pletely. Periostitis  is  generally  associatetl, 
and  the  tissues  aniund  the  bnnc  are  usu- 
ally infiltrated  and  suffer  suppurative  or 
necrotic  changes.  Hypertrophic  changes 
may  occur  in  the  pt>riosteuni  and  snper- 
tii-ial  layers  of  bone,  cau.sing  a  bony  en- 
casement of  central  seijucstra.  In  such 
instances  a  suppurating  sinus,  extending 
from  the  bone  to  the  surface,  usually 
remains. 

Associated  Conditions. — Implica- 
tion of  the  neighboring  parts  is  habitnal — 
deeij-seated  abscesses,  uribritis,  etc.  (ien-  Fio.  sss.-Necnwli of  femor, 
eral  infectiun  is  usually  the  final  result,  {ftSi^^'i'^rcD)"""' ""°°""^ 
and    commonly    leads    to    a    fatal    end. 

Marked  changes  in  the  blood  have  been  observed — leukocytosis, 
large  proportions  of  large  mononuclear  cells,  myelocytes. 


Chronic  Ostitis. 


Chronic  inflammatory  processes  are  more  apt  to  involve  the 
bone  than  the  marrow,  though  the  beginning  of  the  disease  may 
frequently  in  the  latter  situation.     It  may  be  suppurative,  de- 
Igenerative,  or  hypertrophic  in  character. 

Etiology. — Chronic  ostitis  may  follo^v  osteomyelitis  and  ne- 
sis,  necrotic  sequestra  keeping  up  a  constant  irritation.      In 
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these  cases  the  disease  is  primarily  infective.  The  chrouic  inflara- 
luations  of  bone  due  to  tuberculosis  and  syphilis  have  special  char- 
acU'rs,  which  will  be  described  below.  In  many  cases  the  «iiise| 
of  clironic  ostitis  is  obwure,  though  probably  circulating  toxiol 
substances  arc  the  specific  factors.  Direct  traumatism,  |x-riostitis,J 
or  other  inflammatory  diseases  sorromiding  the  bone  may  he  the] 
immediate  causes. 

Pathologic  Anatomy. — In  the  necrotic  and  suppurative] 
form,  following  osteomyelitis,  there  is  more  or  less  softening  "f  1 
the  bony  substance  by  ai)sorption  of  the  calcareous  matter,  and  (itj 
the  same  tiujc  pnilifcnition,  in  the  form  of  granulation-tissue,  of 
the  cellidar  elements  of  the  marrow  antl  its  prolongations  within] 
the  Haversian  channels.  L(x"alizc«l  abscesses  n«ay  be  fortne«I,  orl 
intiltraliou  of  pus  in  various  directions  with  increasing  necmsis  uf  [ 
the  intervening  bone  may  occur. 

The  degenerative  form  of  ostitis  is  a  variety  in  which  the  rtil- 
careous  matter  is  absorbed  and  the  Ixine  thus  rendered  more  soft  | 
and  porous.     The  term  inflnvMivitorif  oxtfojtoroifiif  is  appiiiij  to  this. 
In  the  pr«K"ess  of  absorption  there  are  forineil  upon  the  outer  anJ 
inner  surfaces  of  U»e  bone,  or  witliin  its  substance,  areas  of  emsioo, ; 
hollow  spaces  or  indentations,  showing  bone-corpuscles  and  gianl- 
cells  lying  upon  the  enxlc<l  bony  tissue.     These  depressions  are 
the  s<>-calle<l  Howship's  lacunse.     The  giant-cells,  which  are  active 
in  the  absorptive  process,  liave  been   termed  ojrfroc/cw/x,  and  ai* 
identical  with  the  osteoblasts  or  osteoplaxes  of  developing  bone. 
Simultaneously  with  this  absorption  of  the  lamellae  of  f>one  there 
is  proliferation  of  the  marn)w-substance  in  the  enxleil  areas,  ami 
at  tiie  same  time  there  may  be  increased  vascularization  of  tliis  in- 
tervening tissue.     Perforations  are  frequently  establishttl  through 
the  lamellne  by  the  penetration  of  new-foruuMi  blood-vcss«'ls,  s<i  iJwt 
neighboring  excavated  areas  commimicate.      This  form  of  inflam- 
mation of  the  bone  is  frequent  in  the  neighborhoixl  of  oecmtic 
areas  or  osteomyelitic  collections  of  pus,  and  plays  a  part  in  thf 
jwfhologic  proct'sses  of  osteomalacia  and  other  l)onc-<lis«ises.    I' 
is  rarely  an  indejiendent  condition. 

The  hy(K'rtmphic  form  of  chronic  inflammation  leads  to  in- 
creased density  of  the  bone,  to  which  the  term  nuiffnunng  iidit\t, 
or  (uiteogclfro«iK,  is  applicable.  It  may  occur  iis  a  reactive  pmcf* 
surrounding  areas  of  osteo|)orosis  or  other  local  diseases  of  ^ 
l)one,  or  in  ass<K'iation  with  ossifj-ing  periostitis.  0«'»-{ision:ilIy  "^ 
occurs  in  certain  btmes  or  parts  of  Ixmes  without  local  <>r  «?"' 
ascertained  pneral  causes.  .Such  cases  are  met  with  in  sj-phil''"" 
persons.  The  anatomical  changes  consist  in  the  depositi«vQ  of  i"* 
creased  quantities  of  bony  tissne  by  the  same  processes  as  »" 
operative  in  normal  Ixmi^formation. 

The  disMise  designat«l  as  ffoutldsu  osmum  is  a  ibrni  of  oft«'- 
sclerosis  affecting  tlie  bones  of  the  bead  and  face,  and  cauebf 
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irregular  thickening  and  enlargement  of  these  bones.     The  cause 
of  this  fomlition  is  obscure. 

»  Ostitis  Deformans. 

Ostitis  deformans  is  a  fonditiuti  which  affects  the  sknll,  vert*;- 
hrte,  !ind  certain  Imijr  bimcs,  rausint;  enhirgeiiicut  of  tlu;  siffW-ted 
jK»rts  and,  on  aeconnt  nf  flie  I'histicity  of  the  tliseased  Htnictiires, 
great  defunnity.  Fniotiirer*  do  not  oecur.  Patliohjfrieally  there 
is  absorption  of  tlie  cmnpai't  bono,  with  confluence  of  tlic  Haver- 
sian canals  and  new  forniatinn  of  uncalcified  osseous  tissue  tiiroutrh- 
out  tlie  diseased  structures.  The  nicilullarv  cavities  of  the  loii^ 
bones  are  tilled  witii  vascular  connective  tissue  and  abimdaut  fat- 
cells,  and  sometimes  cysts  containing  gelatinous  material  are 
observed,  fiiant-celled  sarcoma  may  occupy  the  medulla.  The 
etiology  of  th<'  disease  is  obscure,  but  sotiu'  form  of  tropjiic  dis- 
turbance undoubtedly  plays  a  j>art  in  the  causation. 

b  HYPOPLASIA   AND   ATROPHY. 

Hypoplasia,  or  the  lack  of  development  of  bones,  may  occur 
as  a  local  or  genend  condition.  Iy(K?al  hypoplasia  may  be  due  to 
injuries  or  diseases  which  render  a  part  of  the  body  useless.  Gen- 
eral hypoplasia  is  found  in  cretins  and  dwarl's. 

True  atrophy  of  the  boiu's  nuiy  involve  an  entire  bone  or 
only  jHjrtions  of  it.  (Jencral  atrojihy  of  the  whole  or  of  parts  of  a 
bone  occurs  as  a  n'sult  of  inactivity  or  want  of  use,  as  in  cases  fd' 
palsy,  chronic  rheunmtism,  and  the  like.  The  implication  of  cer- 
tain parts  of  the  nervous  system  (trophic  centers)  is  particularly  im- 
portant, as  the  atrophy  rcsidting  in  such  cases  is  much  more 
extensive  than  that  oectirring  in  ca.ses  of  similar  inactivity  from 
Other  causes. 

Partial  atrophy  of  the  bimc  may  lie  dne  to  pressure  by 
aneurysms,  tumors,  and  the  like.  In  these  cases  there  is  gradual 
ab.sorption  of  bony  substance,  and  the  process  is  really  one  of  in- 
flammatory o.steoporosis. 

General  Atrophy. — Absorption  of  the  bony  substance,  with 
resulting  ostcojiorosis,  may  occur  in  nuirasmic  individuals,  par- 
ticularly in  seniles.  In  these  cum's  it  is  held  by  most  autluir- 
ities  that  the  pathologic  condition  is  de|)endent  upon  the  fail- 
ure of  replacement  of  Ixme  to  make  up  ilir  the  normal  absorji- 
tion  constantly  taking  place.  In  these  cases  the  bone  becomes 
extremely  fragile  from  the  increase  of  its  marrfiw-spaces  and  its 
general  jwrositv.  This  contlitiou  of  fragility  is  termed /'w//WfM 
(nudum,  or  fmtfopxfillii/riinl.i.  Occasionally  this  condition  of  fragility 
is  met  with  as  an  idiopathic  disease,  without  definitely  discover- 
able causation  and  without  evident  disease  of  the  hones.  Such 
cases  have  been  found  to  occur  in  certain  lamilies  through  .several 
generations. 
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DEQENERATIVE  CONDITIONS. 
Caries. 

Caries  is  a  tcrni  applitxl  to  the  molecular  destruction  of  bone, 
corn'sjK>ii(lii>^  to  ulceration  of  the  soft  parts.  It  may  he  at^o- 
ciatod  with  osteomyelitis,  or  with  necrosis  due  to  traumatism  or 
various  infective  conditions.  The  changes  consist  in  proprc*ivc 
softening  and  crunihling  of  the  bone,  with  eventual  destruction  of 
more  or  less  considerable  areas.  Caries  is  esiM-cially  frequent  as 
a  part  of  tuberculosis  of  the  bones,  and  will  be  described  in  con- 
Dection  with  that  disease. 

Necrosis. 

Definition. — Necrosis  is  a  term  applied  to  the  death  of  » 
small  or  large  portion  of  bone  in  mass. 

Etiology. — Among  the  cjiuses  arc  the  various  acute  or  chronic 
diseases  of  the  periosteum,  l)one-marrow.  and  adjac-ent  bone.  In 
cases  of  punilcirt  periostitis  the  sepanitiou  of  the  periostenni  fri>ra 
the  undertying  bone  leails  to  interruption  of  bltKnl-supply  and 
superficial  necrosis.  Similar  results  iKicur  in  cases  of  t»st«!oni_ve- 
litis.  Necrosis  of  the  bone  may  also  occur  in  consequence  of 
embolic  obstruction  of  the  blood-vessels. 

Pathologic  Anatomy. — Necrosis  may  be  pnrlinl  or  Mnl, 
and  may  oii  iir  in  the  center  of  the  Iwne  or  at  the  poripherj'.  The 
dead  portion  of  the  bone,  termed  ni'ffucMirnm,  presents  itself  as  an 
irregular,  more  or  less  enxled  fragment,  almost  completely  or 
completely  separated  from  the  remaining  structure.  The  separa- 
tion occurs  by  the  process  of  demarcation,  as  in  necrosis  of  the 
soft  |)art8.  This  line  consists  of  an  area  of  absorption  of  the  ail- 
cjircous  matter  and  proliferation  of  the  cellular  elements.  The 
necrotic  portion,  or  se<picstrum,  acts  as  a  foreign  bo«ly,  and  by  it» 
oontinueci  irritation  keeps  up  a  suppurative  inflammation  of  the 
surroimding  tissues.  Fistulous  communication  with  the  cvterior 
is  usually  observed.  If  the  sequestrum  is  peripheral  and  lia* 
been  dischargetl,  the  periosteum  or  the  bono  may  replace  the  h**' 
tissue  by  regeneration.  If  the  fragment  is  large  or  centrally 
place<l,  discharge  is  ini{)ossible  and  suppurative  inflammation  w"- 
tinues,  sometimes  for  years.  In  these  cases  considerable  bypef' 
plastic  material  may  be  deptwited  over  and  around  the  sequestrum, 
and  thus  irregular  thickening  of  the  bone  may  be  produced. 

A  peculiar  form  of  necrosis  is  that  occurring  in  consequence  of 
chronic  fihospliorus-[)oisouing.  It  is  met  with  in  persons  enjpiiff" 
in  the  manufacture  of  phosphorus-matches,  and  affects  the  ma-'"'" 
lary  bone.  The  existence  of  carious  teeth  aids  in  the  develop 
meut  of  this  form  of  necrosis,  probably  by  admitting  micro-onp"'' 
isms  which  infect  the  bone  already  altered  by  the  poison.    Tlie 

Erocess  begins  in  the  periosteal  and  subperiosteal  portions  of  tlie 
one,  and  ends  in  more  or  less  complete  necrosis. 


Lssociated  Conditions. — Ijong-stamling  necrosis  causes 
grfut  <l('U>rii)r:>ti(iii  of  tlif  gencnil  liraltli,  pjirticularly  in  cases  in 
wl»icl>  suppiinitini;  sinuses  arc  foriiu'il.  Systemic  infections  may 
follow  and  amyloid  degeneration  of  various  organs  may  occur. 


B  Osteomalacia. 

Definition. — This  is  probably  a  general  disease  leading  to 
absor[>tiiin  of  the  boue-siiilts  and  to  other  changes  in  the  bone, 
whicli  cause  extreme  flexibility. 

Etiology. — The  causes  of  ()ste<PTtialacta  are  still  obscure.  It 
is  a  (lisciisc  m'tnirring  witli  i-s|>ecial  innjuency  in  puerperal  women, 
but  it  may  occur  in  men  and  in  non-puer|)eral  women.  A  number 
of  theories  have  l)een  ofiered  to  explain  the  disea.se,  but  none  of 
them  ha.>i  been  establi.shcd.  In  some  respects  it  seems  not  unlikely 
that  it  is  a  trophoneuro.sis.  It  is  particularly  frequent  in  certain 
regions  (endemic),  while  iu  others  it  nceurs  vt-ry  rarely  (sporadic). 

Pathologic  Anatomy. — The  changes  in  the  bnue  lead  to 
variou.s  deformities  and  cjiaiiges  of  appearance.  Distortions, 
bends,  and  even  fractures  are  observed  in  tiie  long  bones,  and 
deformities  due  to  abnormal  curvatures  of  the  spine  are  not  infre- 
quent. The  jM'lvis  shows  peculiar  changes  which  may  prove  very 
troublesome  <luring  labor.  The  cliaracteristie  change  is  a  beaked 
condition,  due  to  dist>]accment  forward  of  the  puhes  an<l  a  latend 
indentation.  This  givas  a  triangular  form  to  the  untlet  of  the  jiel- 
vis  or  sujwrior  .strait.  The  bone-marrow  is  often  quite  red,  and 
the  periosteum  in  the  neighl)orh(M>d  of  bends  or  fractures  may  be 
thicKene<l  by  cellular  proliferation.  The  minute  structure  of  the 
bone  in  osteomalai'ia  .«hows  a  more  or  les,s  proironnccd  aiisorption 
of  calcareous  matter,  but  the  normal  lamellar  arrangement  of 
the  bone  may  be  preserved.  In  the  region  of  bends  and  iractures 
osteoid  tissue  of  irregular  .struclure,  with  bony  corjniscles  of  con- 
siderable size,  may  be  observed  ;  while  in  other  situations  the 
regular  lamellar  arrairgemcnt  and  the  onliiiary  .sniall-.sizcd  bone- 
corpu.scles  are  seen.  Irregular  areas  of  Immugcneous  or  granular 
appearance  may  be  inter>]>ei'scd  within  the  normal  osseous  tissues. 
The  line  of  demarcation  Ix'twcen  .such  abnormal  iinn-caicnreous 
portions  and  the  unalterctl  hone  may  be  either  sharply  drawn  or 
difJ'tise. 

Associated  Conditions. — Patients  .suffering  from  osteo- 
malacia are  usually  gn^atly  rctluced  or  eacheetic,  and  freqm'utly 
perish  with  terminal  pueiutionia.  Some  csises  end  iu  recovery  by 
restitution  e»f  the  bone.  It  has  been  elaimeil  that  there  is  evidcni'c 
in  all  ca.ses  of  puerperal  women  of  some  bony  absorption,  and 
osteomalacia,  therefore,  would  .«ccm  to  be  but  an  exaggeration  of 
normal  conditions.  Xormally  the  slight  bony  changes  are  cor- 
rected after  the  puerperal  period  is  passed. 


3 


734 


TEXT-BOOK  OF  PATHOLOOT. 


INFECTIOUS  DISEASES. 
Tuberculosis. 

Tiibcrculosie  may  occur  in  Iwnes  in  Bevcral  fonns.  Miliary 
tubercles  may  be  found  in  tlie  Imnc-niarrDw  in  the  course  of 
general  niiliarj'  tuberculosis,  au<l  itx-jil  tuberculous  disease;  of  the 
periost'euni  may  be  met  with.  The  most  frequent  and  most  im- 
portant form  of  tuliereulosis  is  tulierculous  f)stitis  with  caries. 

Etiology. — The  involvement  of  the  bones  is  ne^irly  always 
secondary,  tlie  first  uianifestatitMis  of  tuberculosis  oct'urring  m 
other  structures,  notably  the  lymphatic  glands  and  the  lungs, 
The  origiiml  focus  of  disease  is,  however,  frefiucntly  small,  ami 
may  remain  quiescent  while  the  lesion  in  the  bones  advances. 
The  disease  of  the  bones  may  be  due  to  direct  extension  or  to 
hematogenous  infection.  Not  rarely  the  joints  are  tirst  involved 
and  the  neighboring  bones  only  sect>ndarily. 
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Flo.  S40,— TubcroulouB  paries  of  onu  of  the  bono  «if  the  Toot:  o.  bony  tr»bec\ila:  *, 
tuberi'lc  with  nuunus  center ;  c,  cosenlliin  la  a  fiieus  nf  tiiberculuua  tlnue ;  d,  glonl-cvlll 
in  luben'tea ;  (,  usteucla«i« ;  f,  Itatly  marrfiw  (Kaufhiunn). 

Traumatic  inHuciices  are  of  importance  in  determining  the 
situation  of  hematogenous  tuberculosis.  The  traunmtism  causes 
circulatory  disturlianees  in  tl)c  bone,  and  thus  pHnlucos  a  snitalde 
soil  for  tlie  bacilli  to  liiid  lodgement.  Bone-tuberculosis  is  most 
fretjticnt  in  early  life  ;  it  may  iictiially  b<'gin  i'h  iitero. 

Pathologic  Anatomy. — The  tulierculous  lesion  of  bone  first 
presents  itself  as  an  area  of  gniyisli  color,  with  congestive  re<lden- 
ing  of  the  parts  around  and  intense  injection  of  the  bone-nmrrow  ^ 
in  its  vicinity.     Subsequently  there  are  rapid  cheesy  change  and  fl 
more  or  less  softening  of  the  area  of  inflammation.    Microsc<ipicallv, 
tubercles  in  various  stages  of  degeneration  are  discovered,  and  iu 
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Idition  areas  of  diffuse  tulwrculoiis  pRinulation-tipsiie  ami  caftcons 
Jegeneration  (Fig.  340).  At  the  sumo  time  extension  oecnrs  at 
the  perijiherv  sind  now  foci  are  estalilislied.  Tlie  entire  ilisrnsed 
area  may  he  sejwiratetl  fn>in  the  iininvolved  hone  as  a  se<|Uestrtini, 
but  more  freuuently  there  Ls  gradual  earious  .softening,  with  forma- 
tion of  8eniitluid,  cheesy  material  containing  gritty  particles  of 
Intne  or  calcareous  matter.  Complete  sotV'ning  leads*  to  the  for- 
mation of  a  "tuberculous  abscetm  "  (Fig.  341  J,  In  these  rases 
a  more  <>r  less  irregular  cavity  is  formed  within  the  hone, 
the  wall  of  the  i-avity  being  covered  with  a  pyogenic  membnine 
developed  fnmi  the  marrow  and  its  extensions  into  the  Haversian 
tenuis.      The    content*    of    the    absi-ess    are 

»purif<jrm  or  cheesy.     The  process  tends  to  ex- 
tend to  neighboring  parts,  jwrticularly  to  the 

joints.     When  the  abscess  has  penetrated  the 

encasing  b<jne  it  may  spread  witiiiti  the  soft 

partf),  thus  forming  large  tulx-rcidoiis  aliscesses 

(so-ctidleil  coM  ahxcrMirji).     These  nmy  burrow 

along  the  planes  of  the  tissues  to  considerable 

distances  from  the  jxiint  of  formation,  present- 
ing at  the  surface  of  the  body  in  some  favor- 
^uble  situation,  as,  for  example,  iu  the  groin,  in 
^ksioas-ahscessejj. 
H'      Reactive  changes   may  occur   loi-ally,  and 

more  or  less  restitution  may  take  phu-e.    Cf»m- 

Clete  eiieajwulatioii  of  a  siiiall  ftMUs  may  occur 
y  the  formation  of  a  surrounding  zone  of  gran- 
ulation-tissue and  cicatrization,  or  by  n«"W-for- 
uatinn  of  Iwne  ix-curring  after  the  activity 
of  the  tuberculous  prix-ess  has  Im'cij  arrested. 
AVlien  adjacent  p)rtions  of  articulating  Iwnes 
are  involved  the  integrity  of  the  articulation 
is  disturlKsl.  and  subsequently  ankylosis  mav 
be  pstablishi-d  by  the  formation  of  exosto- 
^and  their  imion. 

B  Seats  and  Associated  Conditions. —  _  ^ 
Among  the  l)ones  nion-  f"rei|uently  att'ect<'d  an- 
the  vertebrse,  the  lonj:  Ikimcs,  particularly  the 
femur,  and  parts  of  the  skull.  In  the  vertebne 
^tbe  bodies  are  generally  atl'eeted,  and  angula- 
tion or  distortion  of  tlie  spine  results  (Pott's 
p).  The  cold  abscesses  formetl  in  thesir 
I  may  burrow  considerable  distances,  jwiint- 
np  far  Ix-low  the  place  of  origin.  Those  spriiig- 
Bg  fnmi  tlie  eer\ical  vertelira-  may  jKtint  Ik— 

the  mucous  membrane  of  the  pharynx  or    i„u/"',»«Ji^"''i'ir'iS 
rthagnK,  or  anteriorly  in  the  neck  above  the    ^"'"""'}'>SM^''Sr 
ivicle  or  shoulder.     1  he   abscesses    tormed    ungen. 
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in  tuberculous  oarios  of  tlie  dorsal  vertobne  niav  point  under ' 
part's  lipanient.  Tnlicn'ulou!*  disease  of  tlie  petnnis  portion  o? 
the  temporal  hone  iy  nut  infrequent  following  tuberculous  diwaa 
of  the  ear ;  it  is  important  as  a  possible  cause  of  tuberculous  met 
ittffitis.  Tuberculosis  of  tiie  head  of  the  femur  and  of  the  hir 
joint  is  one  of  the  most  frequent  forms  of  sureiesil  disease  in  chil-^ 
dren.  The  phalanges  are  sometimes  involved  in  early  childhwiH 
by  a  curious  form  of  tulM-rcuiosis,  in  which  the  shaft  of  the  hi mq 
increases  in  size  by  gradual  absorption  and  tuberculous  softenin 
within  and  deposition  of  new  bone  from  the  periosteum  without.] 


Syphilis. 

Syphilitic  disease  of  bones  may  apjiear  in  various  forms.    Allu- 
sion has  already  been   made  to  the  condensation  of  the  Ixines,  o|S 
ost^eosclerosis,  in  this  disease.     4Syphilis  may  also  occur  in  the  peri-^l 
ostcum  as  a  nodidar  ]x>riostitis,  or  in  the  substance  of  the  bone  in 
the  ibrm  of  degenerating  guraraata.     Congenital  syphilis  gives  rise, 
to  certain  peculiar  alterations. 

Btiology. — Syphilitic  changes  in  bone  are  confine*!  alniof 
exclusively  to  the  tertiary  jx>riod.     They  may  occur  without  other 
luetic  disease,  or  as  concomitants  of  hepatic,  splenic,  or  other  vis- 
ceral disorders.    The  disciiso  of  the  bones  is  frequently  dctermiued^^ 
by  local  iiijuries ;  especially  is  this  true  of  the  periosteal  forms.    ^| 

Pathologic  Anatomy. — Si/phi/ilie  perhditM  is  ver)-  common^" 
upon  till'  sliiu-bonc,  less  frequent  in  the  periosteum  of  other  loug 
boiu'S.  There  is,  first,  slight  swelling  of  the  periosteum,  due  ta^l 
multiplication  of  the  cells.  Subsequently  this  cellular  nutssH 
undergoes  gummy  or  mucous  degeneration,  and  the  mass  presenta 
the  appearance  of  a  small  gumma.  Superficial  erosion,  or  evoo 
necrosis,  of  the  bone  may  take  ]>lace,  and  discharge  of  the  i-on- 
tents  may  occur.  Following  this,  hypertrophic  processes  in  the 
bone  and  adjacent  periosteum  lead  to  the  formation  of  bony  noclfS. , 
These  nodes  may,  however,  be  formed  without  the  occurrence  of 
softening  and  discharge  from  the  periosteal  lesion,  the  process  in 
this  case  being  one  of  simple  ossifying  periostitis.  Gummata  of 
the  bones  g(>m'nilly  begin  in  the  dce|H>r  layers  of  the  j>oriosteuin, 
but  tend  to  involve  the  bone  more  extensively  than  the  form  just 
.described.  The  gummatous  infiltration  and  [)roliffrati(m  tKrur 
along  the  bioocl- vessels  of  the  jieriosteuni  an<l  exti-n<l  into  tlie  sub- 
stance of  the  bone.  Considerable  arms  may  thus  be  implicatt'<l. 
The  bone  itself  is  absorbed,  or  may  und(>rgo  rapid  airies  or 
necrosis.  Around  the  area  of  syphilitic  change  may  occur  a 
zone  of  reactive  liypcrplasia  of  the  l>one  and  periosteum.  The 
gmiimata  themselves  become  cheesy  or  imth'i^  mucoid  degenera- 
tion, and  eventually  may  discharge  upon  the  surface.  Syphilitic 
guinniatn  are  most  frequent  in  the  iiones  of  the  head,  tibia,  and 
stenium. 
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Occasionally  giimniata  arise  in  tlie  marrow  of  the  bones  instead 
of  the  periosteum. 

Congenital  StpMUs. — The  bony  chancres  of  eoiipnenital  Hvphilis 
are  quite  ehameteristie.  Tiie  alteratinus  occur  at  the  juTiction  of 
the  epiphyses  with  the  diapliyses  of  the  long  bones.  Longitudinal 
section  through  these  (wrts  shows  the  line  of  jiuiefion  as  a  blnish- 
white  or  yeliowisb-white  irregular  zone  aljout  2  or  ."J  uim.  in  thick- 
ness (Plate  7).  In  nxire  advanced  stages  this  line  becomes  thicker 
anil  more  vellow.     Tlie  niiuute  clianges  consist  in  pnjliferatinn  of 


the  cartilage-cells  and  snt)sc((i)('nt  fatty  degeneration.    Jlieroseoni- 

lent.s,  iiitty  cells,  and  gninular 
The  epijihy.ses  may  be  eoin- 


icroseoni- 
eally  the  |)rolifcmted  cellular  element.^,  iiitty  cells,  and  gninular 


detritus   are  conspicuous  Icatures, 
jdetely  separated  J'roin  tlie  shaft. 

Associated  Conditions. — Involvement  of  the  neighboring 
parts  is  not  iufrequeutly  seen  in  syphilitic  diseases  of  the  bones; 
thus  there  may  be  gninniatinis  infiltration  of  tlie  sii|)cr(icial  tissues 
with  syphilis  of  the  Ixines  of  (he  extremities,  \\liile  in  the  case 
of  skull-lM>nes  extension  inward  may  lead  to  involvement  of  the 
dura  and  brain.  When  the  process  wcurs  about  the  foramina 
of  exit  of  nerves  the  sheaths  of  the  latter  may  become  involved. 
Gumniata  of  the  sternnm  simietinies  lead  to  the  formation  of  retro- 
sternal eoileetious  of  pnriforni  material.  Amyloid  degencmtioii 
of  various  organs  frequently  follows  bone-syphilis. 

Lepra. 

Changes  may  occur  in  the  bones  in  cases  of  mutilating  leprosy, 
or  more  rarely  in  uervou.s  le|)ra.  Among  these  changes  are  ostitis 
and  asteomyelitis ;  considerable  destruction  of  the  bones  maybe 
produced. 

TUMORS. 

Bxostoses  are  frequently  met  with  in  connection  with  defi- 
nite disease  of  the  bones  and  joints,  or  as  more  or  less  i(lioi>athic 
ontgrowths  (Fig.  44).  They  may  be  riiiii/iif/iii<>ii.t  or  Jibrmtfi  in 
character,  but  subsequently  may  become  otwroim.  They  present 
themselves  as  flat,  rounded  elevations,  or  as  nuire  or  less  irreg- 
ular outgrowths.  Sometimes  they  arc  multiple  and  involve  a 
nnmfjcr  of  bones  of  the  skeleton.  In  such  cases,  ]iarticularly, 
heredity  has  been  claimed  as  an  imjiortant  cause. 

Fibroma,  lipoma,  ni3ncoma,  and  angioma  may  be  men- 
tionetl  among  the  true  tumors  as  benign  growths  ficr'nsionally  met 
with.     They  arise  most  frequently  from  the  periosteum. 

Chondroma  and  osteoma  are  more  common  than  these,  and 
involve  any  part  of  the  bone  (Figs.  42  and  45). 

Sarcoma. — The  nlo^t  imiMirtant  of  the  primary  tumors  of 
bone  is  sarcoma.  This  may  originate  in  the  jicriostcnm,  lione- 
marrow,  or  the  Iwne  itself.  It  may  be  spindle-celled,  or  less  fre- 
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qiirntly  nmnd-coUed  or  alveolar.   Sometimes  it  is  melanotic.  The 
ijiant-ot'll   sarcoma,  or   osteosarcoma,  is   fwrticnlarly   imjxirunt. 
It  is  most  frequently  met  with  in  the  lower  jaw,  lio^nning  within 
the  hone  and  causinj^  a  more  or  less  rapid  swellinj;.     Thf  tunmr  ■ 
is  siirroiindod  by  a  shell  of  bone,  which,  however,  s<xincr  or  lat<T  B 
becomes  perforated  when  tlie  new  growth  spreads  to  the  neigWior- 
ing  parts  (Fig.  58).     In  alt  forms  of  sarcoma  there  is  absoqitionof 
tiie  bone-substance  in  the  vicinity.     A  form  of  sarcoma  .springing 
from  the  periosteum  is  described  under  the  name  of  osUoid  tar' 
coma.    This  tumor  consists  of  tibromatous  or  round-celled  saRom- 
atous  tissue  in  which   osteoid  elements  are  irregularly  erabeddei 
More  or  less  calcification  and  bone-formation  are  observed.    The 
tumor  may  be  quite  soft  or  very  hard  ;  it  tends  to  spread  to  the 
neighboring  soft  parts,  and  nuiv  give  rise  to  metastasis.    It  i^ 
particularly  frequent  at  the  enJs  of  the  long  bones.  fl 

Secondary  sarcoma  of  the  bone-marrow  is  not  rare  in  geu- 
eral  .sarcomatosii*. 

Myeloma. — This  term  has  been  applied  to  a  form  of  mnltij 
primary  tumor  of  the  bone-marrow  allied  to  the  lymphatic  growt 
of  leukemia  and  Htxlgkin's  disoa.se.    The  term  lymphadenia 
has  also  been  given  to  it.     Probably  a  number  of  distinct  cond 
tions  (some  of  them  secondary  tumors)  have  been  described  under 
these  names. 

Chloroma  is  a  form  of  sarcoma,  having  a  greenish  or  yellow- 
ish color,  that  is  met  with  in  the  periosteum,  especially  about  f 
orbits  and  other  parts  of  the  skull. 

Primary  carcinoma  of  the  bones  has  been  observed  in 
few  ca.sc3.     It  can  only  be  explained  upon  the  assumption  th 
islet>i  of  epithelial  tissue  have  been  deposited  in  the  lx)ne  by  faulty 
develojiment.     Most  cases,  however,  described   as  primary  i 
noma  were  probably  in  reality  alveolar  stircomata. 

Secondary  carcinoma  of  the  bones  is  not  rarely  met  wA 
espe<nally  in  cases  of  cancer  of  the  breast,  thvroid  gland 
prostate.     The  secondary  nodules  may  occupy  the  periosteum 
the  bone-marrow.     The  hone  becomes  exceedingly  fragile, 
fractures  are  not  infrequent. 

Cysts  and  Parasites. — CS'stic  transformation  of  niyxon 
and  of  siirconiata  may  be  met  with.     Occasionally  dermoid 
are  obser\'ed.     Among  the  parasitic  diseases  Cysticercus  cellufose 
has  been  described  in  a  number  of  instances. 
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CHAPTER   X. 


DISEASES  OF  THE  JOINTS. 

IfUxation. — Tlio  must  frequent  injury  of  joints  is  that  known 
18  luxation,  iu  vvliicli  the  relations  of  urticulating  bones  are  dis- 
airbed.  In  these  cases  the  liginneuts  ami  other  soft  tissues  around 
he  joints  are  more  or  U's.s  torn,  and  in  eonsoqucneu  heeome  in- 
ianie<l.  If  tlie  hixation  is  rf(hifcd,  tiiis  iriHaminatton  subsides 
juickly,  ami  fre([uently  normal  eiuiditions  arc  regtore<l.  If  the 
uxation  persists,  various  secondary  eluinges  may  oecur.  Anky- 
losis in  abnormal  jmsitions  may  tiike  plaee  by  the  formation  of 
ibrous  adhesions,  or  in  more  favoralile  eases  a  false  joint  may  be 
»tablishcd.  In  the  latter  cases  IfH-al  atrophy  takes  place  in  one 
)f  the  bones,  forming  a  depression  into  which  the  end  of  tlie  other 
its.  Later,  ossifying  periostitis  produces  an  elevation  around  the 
lepression  of  the  socket,  and  thus  a  well-formed  joint  may  be 
3roduce<l. 

Ankylosis  is  the  term  applied  to  the  condition  in  which  the 
lormal  movability  between  articulating  bones  is  prevented  by  in- 
«rosseou8  attachments.  Patliologically,  ankylosis  may  be  fibrous, 
:artUa(/inoux,  or  bony.  All  of  these  tiirms  are  met  with  after 
;hronic  inflammatory  conditions  of  the  joints. 


\ 


DISTORTIONS  OF  JOINTS. 


Distorted  conditions  of  the  joints  may  be  due  to  contractions 
)f  the  muscles  and  tendons,  or  to  cicatricial  tissue  in  the  neigh- 
x)rh<M>d  of  the  articulation.  Changes  in  the  joints  themselves 
nay  be  present  as  primary  or  as  secondary  coutlitions.  Among 
he  more  irn]if)rtant  of  such  deformities  of  joints  are  the  various 
jorts  of  club-foot:  pm  mrn«,  the  sole  of  the  foot  turned  in; 
pes  vnlfju/>,  the  .sole  of  the  foot  turned  out;  pcK  eqiiinudy  the  foot 
sxtcndcd  and  supported  iipon  the  anterior  ends  of  the  metatarsal 
t)ones  ;  /><•«  rnlciinctin,  the  fuot  flexed  ami  resting  on  the  heel. 
Combinations  of  these  conditions  are  fre(|uently  met  with.  At 
the  knee-joint  are  found  :  gfnu  valgum,  in  nhieh  the  knees  are 
bent  in  (knock-knee),  and  genu  varum,  in  which  the  knees  are 
bent  out  (bow-legs). 


I 


CIRCULATORY  DISTURBANCES. 


Hyperemia  of  the  joints  occurs  as  a  part  of  acute  inflamma- 
tions, and  involves  the  synovial  membranes  particularly.  The 
synovial  fluid   may  be  increased  in  quantity. 

Hemorrhage  into  the  joint  may  result  from  traumatic  causes 
or  from  inflammatory  conditions,  particularly  in  the  course  of  hem- 


J 
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orrhagic  disoascs,  notably  scurvy  and  hemophilia.  The  blootl  mav 
remain  fluid  for  a  long  time,  and  the  joint  not  rarelv  has  the  ap- 
pearanee  of  chronic  arthritis  with  effusion.  Later,  resorption  of 
the  lilond  taki'S  plaro. 

Dropsy  of  the  joints  occurs  in  tlie  course  of  acute  and  chron 
inflammations. 


INFLAMMATIONS. 

Acute  arthritis  may  be  tranmatic  or  heraatopenous,  or  in 
other  crises  is  secondary  to  disease  in  the  ^•icinity.  Hematogenous 
arthritis  may  occur  in  the  course  of  various  infectious  diseases, 
such  as  scarlet  fever,  small-i»ox,  pyemia,  etc.  In  the  same  group 
must  be  considered  acute  articular  rheumatism,  which  Is  doubtlegg^ 
an  infection  conveyed  to  the  joint  through  the  blood.  ^H 

Patholo^c  Anatomy. — Various  forms   may  be   distinguished^ 
such  as  the  (/ri/  or  jihrinouM,  the  Hcrou«,  and  the  seropnrulent.    lu 
all  cases  there  is,  first,  a  deep  congestion  of  the  synovial  mem- 
brane.    The  ligaments  and  the  cartilage  are  more  or  le.ss  impli-, 
cated  at  the  same  time.     The  terms  synovitis,  implying  invoivfl 
ment  of  the  synovial  membrane,  and  panarthritis,  implying  gen 
eral  involvement,  may  be  a])|)lie(i.      In  the  dry  or  tibrinous  for 
there  is  a  deposit  of  fibrin  up<in  the  surface,  with  or  without  semu 
exudation.     In  the  genuine  serous  form  the  exudation  is  purely  ser 
ous,  but  more  commonly  seropurulent  liquid  is  observed.     Eutin-ly 
purulent  exudate  is  sometimes  formed  (empyema  of  the  joints). 

Results. — In  the  milder  cases   complete  resolution  may  la" 
place  without  destruction  of  the  tissues  of  the  joint.     In  the  iiion 
serious  cases  there  is  infliimniation  of  the  articulating  cartilag 
with  consequent  ulceration  or  caries,  or  even  considerable  netn)- 
sis,  of  the  cartilage.     The  underlying  bone  may  be  laid  bare,  and  J 
ostitis  or  osteomyelitis   may    result.      Sometimes  discharge  of 
purulent  material  into  the  surrounding  tissues  occurs,  and  fistulous] 
commtmications  with    the    exterior   may  be   established.    Tlie^l 

firocesses  may  lead  to  extensive  disorganization  of  the  joints,  »ritilj 
uxations  and,  in  later  stages,  ankylosis. 

Associated  Conditions. ^-General  systemic  infection  may  follo'^l 
these  acute  inflammations  of  the  joints. 

Chronic  arthritis  may  be  due  to  a  variety  of  causes.   I^ 
may  follow  the  acute  forms  already  described  or  may  be  primarily 
chronic,     .\mong  the  more  important  causes  are  traumatisms"'' 
certain  infectious.     It  occurs  in  the  course  of  gout  an<l  in  cerin''* 
nervous  diseases,  probably  as  the   result  of  disturbance  of  tin' . 
trophic  mechanism.     Chronic  arthritis  of  the  agc<l  has  |R>rhai»  * 
similar  causation,  and  rheumatoiil  arthritis  is  nearly  allie<l. 
Pathologic  Anatomy. — A  variety  of  forms  may  W  distinguisbfo- 
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Th<>  same  eriologic  facUirs  may,  liowever,  give  rise  to  one  or 
antdlicr  in  individual  case«. 

I  Chronic  serous  arthritis,  or  hydrops  articulorum,  is  fro- 
'fjnently  due  to  repeattd  acuto  arthritis.  The  joint  is  filled  w  ith  thin 
?<yn<ivia,  and  the  .synovial  membrane  is  somewhat  thickened.  The 
.surCaoe  of  the  joint  may  be  more  or  less  covered  with  an  injeetetl 
ftynovial  membrane  (itynoviiU  jnumom).  The  knee-joint  is  most 
frequently  involved. 

Chronic  purulent  arthritis  is  always  infectious,  and  is  usiinlly 
the  outcome  of  an  achate  scropnrulent  or  purulent  arthritis.     The 
conditions  met   with   have   already 
been   described.       It  terminates    in 
mon-  or  less  extensive  disorg:iniza- 
fioii  of  the  joint,  and   in  favorable 
case^  in  fibrous  ankylosis  (Fig.  342) 
Arthritw  defomtans,  or   rheunui- 
lid  arthriti-ii,  occurs  in  persons  pasl 
ini<ldle  age,  but  sometimes  in  young 
jjersons,  and  even  in  childhood.  Con- 
^titutional  depres,sion  and  expo.surc 
seem    in    some    way    to    jiredibjKise. 
There   are,  first,  alterations  in  the 
^JCartil8ges   of  the    joints,  W)nsi.sting 
»f  s<»ftening  and  ulceration  or  cro- 
»ion,  which  make  the  surface  irn-g- 
|lar  and  rough.     At  the  same  time 
^_      hyperplasia  of  the  cartiiage- 
iplla  takes  place,  but  the  hyperiila.s- 
ic   elements   subsecjuently  undergo 
legencnition,  and  are  absorbed.     In 
lis  way  the  cartilage  is  gradually 
re«iuce<l   and  the  ends  of  the  bone 
laid  bare.     The  svnf>v)al  membniue 
and  ligaments  at  the  same  time  lK>como  thickened  by  hyperplasia. 
^Subsequently  the  articulating  end  of  the  Ixme  is  involved.    There 
^Bb,  first,  absorption,  and  secondarily   proliferative  changes  at  the 
^fteriphery  of  the  articulation,  in  the  form  of  exostoses  or  osteo- 
^nhytes.    The  joint  is  consi<lerai>ly  deformed  and  thickened.    Sub- 
luxations are  common,  and  the  deformity  leads  to  immobility  of 
^^lie  joint,  or  ankylosis.     This  form  of  arthritis  is   particularly 
^Bommon  in  the  metacarpo-phalungeal  joints  of  the  hand,  and  in 
^■fae  other  small   joints  of  the  hands  and  feet  (Fig.  343).     I^ater 
^(pie  knee,  elbow,  and  vertebral  articidations  may  be  involvetl. 
Chronic  dry  arthritis  with  ulceration,  or  senile  arthritis,  is 
irticularly  common  in  the  hijv-joint  {malum  coxa:  umllr).     There 
gradual  absorption  of  the  cartilages  and  of  the  exposed  surfaces 


Flo.    WJ — Fibroui  ■nkylotia,  rlue  lo 
cbronlc  purulent  trthrltla. 
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Fi6.  MS. -RheuinBtoi<l  cinhrills.  showing  i;;^;  :   i  jrmiiy 'jf 


Fto.  U4.— Neuropatliiij  liri.i.,,,      :  ;:...   kiifc  In  n  raw  of  loooniulur  nUxlft  icjuciif  I 
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if  the  hone.  Subsequently  the  surrountlinp  parts  of  the  hone 
undergo  sclerosis  and  liypiT[(lasi:>.  The  clianp's  are  similar  to 
those  of  rheuruatotd  arthritis,  but  arL-  mure  slowly  developed. 
Neuropathic  arthritiB  is  met  with  in  the  eourpe  of  sipinal  dis- 
ses,  such  as  hM.-omotor  ataxia  and  s;yrin>romyelia  (Fip.  .'i44).  It  re- 
sembles the  forms  just  deserihcd,  is  slowly  tleveloped.aiui  is  usually 
quite  jwinless,  su^^'esting  a  purely  degeuerative  or  trophic  disorder. 
Gouty  Arthritis. — IJiMit  is  a  constitutional  disease  witli  a 
tendency  to  a  peeidiar  fnnn  ol'  arthritis.  Tlii'  latter  ei>nsists  in 
the  deijosit  of  crystiils  of  urate  of  sodium  and  euleiuiu  in  the  carti- 
lage-cells and  intercellular  substance  of  the  artieuhitions,  and  in 
uiore  advanced  cases  in  the  eunuective  tissue  vi'  the  joints  and  the 
tissues  round  the  joints  ( Fig.  345).   These  erystalHue  depositij  occur 
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Fig.  34S.— Deputit  of  crysluls  uf  uraiu  uf  icnlium  in  au  articular  csrUlage  (Lancereaux). 

'  in  definite  attacks,  as  a  rule,  each  attack  (gouty  paroxysm)  being 
niarkeil  hy  infiammaton.'  proces.ses  in  the  joint.  Hyperemia  of  the 
synovial  membrane,  with  serous  etfusions  anil  with  sunietiines  more 
evident  inflammatory  manifestations  (hy]ver])lasia  of  the  eartilage- 
cells  and  round-eell  inliltnition),  is  oliserved  during  the  parox- 
ysms, and  by  their  repetition  eiirotiic  changes  in  the  joint  are 
prrKhiced.  The  cartilages  may  become  moi'<'  or  less  eroded,  and 
even  carious  ciianges  and  suppuration  may  take  place.  The  joints 
most  frequently  involved  are  the  small  joints  of  the  hands  and 
feet,  notably  the  metafarso-phahmgeal  joint  of  the  great  toe.  The 
larger  articulations  are  less  commonly  involved,  and  usually  after 
the  smaller  joints. 

Associated  Conditions. — Tlie  pathology  of  gout  is  by  no  means 
confined  to  the  changes  in  the  joints.  The  disease  is  a  general 
one,  and  pathologic  changes  an-  found  in  various  organs.  There 
IS  a  tendency  to  thickening  of  the  blootl-vessels,  to  atheroma,  and 
to  sclerotic  changes  in  the  kidney,  liver,  and  heart  ;  and  nratic 
de|Xjsit.s  may  occur  in  tho  organs  named  or  in  the  subcutaneous 
ti.ssue  or  superficial  cartilages,  such  as  those  of  the  ear  and  nose 
(gouty  tophi),  t'oncretions  or  calculi  are  frequently  formed  in  the 
kidney  or  bladder.  . 
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INFECTIOUS   DISEASES. 

Tuberculosis. 

Tnbprculoeifi,  when  primary'  in  the  joints,  nsually  begins  in  the 
Bvnovial  mcnihranc.  Frf(|Ut'ntly  it  is  secondan'  to  tuberculfisis 
of  the  adjacent  bone.  In  such  cases  any  psirt  of  the  joint  may  be 
first  involvetl. 

Etiology. — Tuberculous  arthritis  is  most  frequent  in  child 
hood,  and  occurs  in  those  predisposed  by  heredity.     The  imme<r 
ate  determining  cause  may  be  traumatism,  tiiis  serving  to  lot^li 
the  <lisease  iu  a  joint  rendered  [K-cuIiarly  susceptible.     TulKTcd_ 
lous  artiiritis  is  freijuently  secondary  to  scrofulous  disea.se  nf  tlif 
skin  or  glands,  or  to  pulmonary  tuberculosi-s,  l>ut  is  often  priraiirv. 

Pathologic  Anatomy. — The  changes  met  with  in  the  juiiil! 
vary  somewhat  in  ditferent  cases.  In  instances  beginning  iu  th 
synovial  nunibnine  there  are  formed  more  or  less  abundant,  »fl 
sjKingy  granulations,  which  may  eventually  fill  the  entire  joint 
cjivity.  Tlicse  are  j)iukish  or  whitisii  in  color,  and  may  shoii 
gray  or  yellow  spots  or  tubercles  quite  plainly.  Later  this  granu- 
lation-tissue tends  to  degenerate,  becoming  mucoid  or  bn^akiiigj 
down  by  suppurative  or  cheesy  change.  In  the  early  stages  the 
sofl  tissues  of  the  joint  are  considerably  inflamed  and  edem.itnus; 
latter  they  may  sinvw  ulcerative  or  necrotic  change,  and  similar  I 
alteration  may  occur  in  the  articular  cartilages.     Puriform  soften- 


ing of  the  granulations  and  the  tissues  of  the  joint  may  lejid  to  tli* 

development  of  cold  absccstics  within  the  joint,  and  the  latter  nmy  j 

eventually  burrow  to  the  exterior.     In  cases  progressing  unfavdr-" 


al>ly  the  joint  is  greatly  disorgauizetl  by  the  advancing  necrotic 
changes.  The  alinormal  productions  are  either  discharged  or  in- 
spissated,and  ankylosis  of  the  joint  by  fibrous  adhesions  takes  piiic«* 

The  external  appearances  of  tuberculous  joints  are  often  qin^* 
distinctive.     The  joint  is  swollen  and  boggy,  or  somewhat  elastio^j 
to  the  touch,  and  usually  more  or  less  distoirted  from  snbluxatio'J^H 
There  is  little  evidence  of  acute  inflammation.     In  cases  ter'''^'^^ 
nating  in  ankylosis  the  bones  are  generally  left  in  faulty  positi*'" 
in  conse(iuencc  of  the  formation  of  adhesions  and  tJie  irregi***^ 
contractions  of  muscles. 

Secondary  Disorders. — Long-standing  tuberculosis  of  "•^"'i 
joints  o<>casions  j)rofound  disturbances  of  the  general  health,  i*  *( 
sometimes  causes  <letinite  disease,  such  as  amyloid  degeneratiott  " 
various  organs.     Disseminated  tuberculosis  rarely  results. 
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DISEASES  OF  THE  JOINTS. 

5yphi]is. 

Syphilitic  disease  of  the  joints  may  occur  in  licreditary  lues. 
The  cjirtilapcs  of  tlie  joints  are  eroded,  and  tliickeninj;  «f  the 
liiranients  with  pnriform  exudation  into  the  joint  is  ol)S(»rved. 
The  phaliinj^eal  articulationfi  arc  most  frequently  involved.  In 
later  life  puinniatn  in  the  neighhorhooil  of  the  joints  may  invade 
the  latter  by  contiguity. 

TUMORS. 

Hyperplastic  conditions  are  met  witli  in  the  synovial  fringes 
of  the  joints  in  association  with  arthritis  or  independent  of  such. 
These  hyperplasias  may  take  the  form  of  Jibrons  (frowths,  or  they 
may  become  Upovuitmui.  An  interesting  form  of  new  growth  is 
seen  in  the  so-calletl  rice-biMlies.  Thes«'  are  small  fibrous  or  rarti- 
higinous  bixlies,  up  to  the  size  of  a  small  nut,  wliicli  are  entirely 
free  in  the  joint  or  attached  by  a  fine  pedicle  to  the  synovial  mem- 
brane. They  are  formed  from  the  synovial  fringes,  and  probably 
resiilt  from  injury  in  most  cases.  The  joints  may  be  secondarily 
nvolved  in  various  forms  of  bony  tumors. 


THE  TENDON-SHEATHS   AND   BURS^E. 

Illflaininations  of  the  slu-alhs  of  tendons  {ttiioxynovititi}  and 
of  the  bunsjc  (/jio'-wV/.v)  occur  under  similar  circumstances  ami  in 
similar  forms  as  inflammations  of  the  joints.  A  form  of  chronic 
bursitis  witii  dn)psical  efl'usion  frequently  occurs  in  the  bursa 
beneath  the  patella  from  chronic  irritation  (housemaid's  knee),  and 
in  the  bursji  at  the  joint  of  the  elbow  (miner's  elbow).  These 
conditions  are  analogous  to  hydrops  articulorum. 

Gang'lion  is  a  condition  of  the  tendon-sheaths  of  some  clinical 
interest.  It  pn^sents  itself  as  a  rounded  cystic  nodule,  most  frc- 
uently  ujmu  the  back  of  the  hands  anil  wrists.  Distinct  fluctua- 
tion may  be  discovered,  or  the  cyst  may  be  so  dense  that  it  I'eels 
stony  hard.  The  ganglion  results  from  a  localized  dropsical  con- 
dition of  the  shciith  of  the  tendons,  with  freijuently  a  lateral 
hemious  projection.  A  similar  condition  is  sometimes  causi'd  by 
projection  of  the  synovial  membrane  of  the  joints. 
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CHAPTER   XI. 

DISEASES  OF  THE  VOLUNTARY  MUSC 

Congenital  malformations  are  occasionally  tn 
as  absence  of  a  part  or  of  an  entire  muscle. 

HYPERTROPHY. 

Hypertrophy  is  frequently  produced  by  athleti 
laborious  occupations.  This  affects  the  parts  broug 
and  is  proportioned  to  the  amount  of  work  and  the  & 
condition  of  the  individual.  The  muscle-fibers  incn 
ness  and  probably  also  in  number. 

Sometimes  muscular  hypertrophy  is  met  with  in  a 
no  adequate  cause  is  discoverable.  Thus  in  local  or  ] 
growths  the  muscles  may  be  involved  with  other  par 

Psevdohypertrophy  will  be  discussed  among  the 
conditions. 


CIRCULATORY  DISTURBANCES. 

Anemia  of  the  muscles  may  be  part  of  a  lo« 
anemia ;  it  is  often  quite  insignificant  in  comparison 
of  other  parts.  In  some  of  the  general  anemias  the 
present  a  dark  appearance,  due  to  degenerative  condi 

Hyperemia  is  physiologic  during  and  after  > 
occurs  as  an  active  process  in  association  with  infiar 
ditions  and  as  a  passive  congestion  in  cases  of  vascul 

Hemorrhages  may  be  traumatic,  or  may  result 
of  the  vessels  in  consequence  of  inordinate  blood-pre 
degeneration  of  tlie  vessel-walls  and  the  surrounding  i 
Among  the  coiulitions  in  which  hemorrhage  takes  plai 
and  otiier  convulsive  disorders,  fevers,  and  hemorrhi 
such  as  scurvy,  hemophilia,  and  septic  disesises.  The 
may  occur  in  the  form  of  small  extnivasations  betwei 
or  of  more  extensive  infiltrations  in  the  intermuscula 
cases  of  traumatism,  scurvy,  or  hemophilia,  considt 
tumors  may  ho  formed,  the  muscle-fibers  being  ]>u^ 
torn  apart.  The  blood  is  more  or  less  rapiilly  absorbe 
tation  and  fihroiis-tissiio  proliferation  may  result. 

Bmbolism  of  the  arteries  or  throinbosis  of  tl 
not  produce  serious  disturbances, as  a  rule.  Incases 
secondary  results  may  follow  if  the  embolism   is  inj 
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INFLAMMATIONS. 

Inflammation  of  the  muscles,  or  myositis,  insiy  he  iiciite 
or  cliroiiic,  aiul  may  prt'sciit  itself  in  a  variety  nf  forins.  Acute 
myositis  uiiiv  lie  loeal  ur  disseniiiiated. 

localized  Acute  Myositis. — This  form  may  he  due  to 
injuries,  .siieli  as  etiutiisions  of  the  nuiseles  or  wounds  commiiui- 
cating  with  them,  or  may  he  infectious  in  chanu-ter,  resultiii^r  from 
the  direct  extension  of  infectious  diseasj^s  of  the  skin,  suhcutaneous 
tis.sues,  hones,  and  other  adjacent  parts,  or  from  emholism.  A 
Benius,  a  hemorrhagic,  and  a  jiiirulent  form  may  he  distinj^nislied. 

Serous  myositis  is  cliaraeterized  hy  an  edematous  condition  of 
the  muscle,  which  drives  it  a  |ieeuliar  jielatiuitus  appearance  on 
section.  MicMsenpically  there  is  cellular  infiltration  of  the  miis- 
cle-hundlcs,  while  the  nuisele-fiher.s  themselves  hccomc  swollen 
and  sutfer  granular  degeneration  or  hyaline  change,  and  somo- 
tinu's  vaciinlation. 

Hemorrhagic  myositis  is  an  intenao  form,  and  is  met  with  in 
nuiscle>  a<ljacent  to  giingrenous  or  [jlilcgmonous  lesions,  malifinant 
jjustules,  and  the  like.  Myositis  occiirrrng  in  scorhutic  individuals 
is  frequently  of  the  hemorrhagic  form,  as  is  also  that  which  fwcurs 
in  consequence  of  the  sting  of  venomous  snakes  or  other  unimaLs. 
The  muscle  hecomcs  more  or  less  tensely  swollen,  and  on  section 
the  hemorrhagic  infihnition  is  jilainly  visihle  as  a  diti'use  process 
or  a.s  localized  areas  of  hemorrhage. 

Suppurative  myositis  may  lie  circnmscrihed  or  ditl'use.  Circum- 
scrihed  myositis,  or  ahscess  of  the  nuiscte,  may  result  from  entnince 
of  micro-organisms  through  the  lymphatic  or  vascular  eircidation, 
or  it  may  be  due  to  tnnimatism,  with  comnmnications  from  the 
surface.  Occasionally  su)>j>iirative  iiiflanimatiou  occurs  in  an  oh- 
s<"urc  manner,  wlu'u  the  term  cryptogciietic  myositis  is  a|)jilicahle. 
Distinctly  metastatic  abscesses  may  be  iM'casioiicd  by  embolism. 

■  In  association  with  siq>|)umtivc  iiiHarnnuitions  of  the  skin  orsuh- 

■  cutaneous  tissues  and  the  nuicous  nu'nd>rancs  there  may  he  scro- 
pnrnlent  <.ir  phlegmonous  myositis,  with  the  formation  of  irregular 
abscesses.  In  these  cases  the  lesion  spii'uds  by  intiltration,  and 
the  muscle-iiliers  timlergo  widesju'ead  ilegcneration  (fjitty  degenera- 
tion, hyaline  change,  and  necrosis).  Abscesses  in  the  mtiscles  ex- 
tend and  ru])ture  in  various  directions,  ami  may  leave  consider- 
able areas  of  scar-formation. 

Disseminated  acute  myositis  or  polymyositis  may  ap- 
pear without  any  drtinitc  i'ause,  sometimes  in  association  with 
tuberculosis  of  the  lungs,  or  as  a  distinctly  secondary  affection  in 
association  with  infcctinus  diseases,  like  typhoid  ti'ver,  di])htheria, 
etc.     In  the  primary  form  there  may  be  widespread  muscular  dis- 
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easo,  with  swelling  and  tenderness  of  the  niusoles  and  sometir 
ri'ihiess  and  edema  (if  tlie  i^kin.  The  term  jtsnuiol rk'hiuiM<i« 
applied  i"r<»ni  tlie  resend^lanee  of  the  appearsinces  to  thos*  of  trich 
nositt,  and  the  name  thrvmtrmyoitUis  has  aisti  been  given  thi.*  ec 
dition.  Some  of  the  eonditions  inehidrd  under  the  heading  mt 
cnhir  rhruiixttlttm  hy  elinieians  are  doubtless  instances  of  the  kincT 
here  referred  to.  Examination  of  the  mnseles  shows  pallor  of  the 
tJR'^ue,  and  sometimes  visible  areas  of  <legener8Uion.  Mierf>T«.'opi- 
cally  there  are  cellular  infiltration  In-tween  the  muscle-tibers  and 
swelling,  with  loss  of  striation  of  the  fibers  themselves.  More 
advanced  degenerations  of  the  fibers,  such  as  granular  clian^ 
poagulation-neerosis,  anil  vaeuoiation,  may  be  observed, 
affected  muscles  lose  their  fimctional  eontrtictile  |>ower,  and  nurt 
or  less  palsy  results.  \\'lien  ati'ecting  the  muscles  of  the  pharyi 
and  respiration  this  becomes  serious  in  pretlisposing  to  iuspiratic 
pneumonias. 

The  condition  described  as  secondary  acute   polymyositis 
•legeuenitive  to  a  greater  extent  than  iiiflammator>-,  and  will ' 
eonsidentl  among  the  degenerations. 

Chronic  myositis  may  be  suppurative  in  \\i^  or  jjtodu 
tive. 

Chronic  suppurative  myositis  may  Ik-  the  outcome  of  acute  sup 

tniration,  and  is  jwirticuiarly  frequent  in  association  with  tuijer 
osis  anil  actinomycosis. 

Chronic  productive  myositis  is  charaeterize<l  by  the  formation  nf 
connective   tissue   between   the  musele-fibers.     The   fibers  them- 
selves, as  a  rule,  undergo  degenerative  changes,  though  occasion 
ally  showing  regeneration  ttj  some  extent,     'fliis  a>ndition  may  I 
the  termination  of  acute  myositis,  or  it  may  occur  in  the  vicinity 
of  various  hx-alized  diseases  of  the  muscles  or  of  the  noigllb<)^ 
ing    parts.     In    some    cases,  if  not    all,   the   primary   change 
degenenition  of  the  muscle-fibers,  and  the  interstitial  or  fibrou«| 
tissue  is  reactive  in  character.     Some  of  the  cases  will  be  cuo 
sidered   under  the   head  of  muscular  atrophies.      The  ehang 
that  occur  in   the  interstitial  tissue  of  the  muscles  consist  pri-'' 
marily  of  proliferation  and  roimd-celled  infiltration.     Later  theW 
is  formation  of  firm  connective  tissue.     Some  multiplication  "' . 
the   musele-nuclei   and   actual    increase   in    size   of  the   mi»l* 
fibers    may   be    observed.      Degeneration   of    the    nuisele-fil>i'f 
however,  is  more  prominent,  and  is  generally  in  proportion  »1 
the  degree  of  connective-tissue   change.      The  fibers  may  sii'>" 
cloudy  swelling  or  hyaline  changes,  or  mor<-'  complete  degi'ncni*l 
tion,  such  as  fatty  degeneration,  fr.iguientation,  or  vacuoli-fono»* 
tion. 

Ossifyingr  myositis  is  n  variety  of  pnxluctive  myositis.    It  muy 
occur  in  the  form  of  bony  noilules  in  parts  subjeete<i  to  constaO 
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irritation  or  strain,  ns  in  tlie  case  of  llie  deltoid  miisole  in  soldiers 
and  the  addur-tor  niusrdes  in  horsemen.  Similarly,  in  tlie  vicinity 
of  diseast;  of  tlif  Ixim-s  ami  ]iorio8teiim,  nodide.-  may  develo]>  in 
the  muscle.  A  form  of  more  genend  disease,  termed  iiujoxtlis 
OMnifrians  progreiatiru,  has  been  observed  in  youtlrfnl  |H'rsons,  with- 
out diseoverahle  muse.  It  atfects  the  museles  of  tlie  Imek  and 
neck,  and  .sometimes  tlmsf  of  all  parts  of  the  l)ody.  The  inustdea 
are  swollen,  ami  first  jireseut  ioHiimniatory  manifestations,  termi- 
nating in  fihron.s  ehan^e  which  Hnally  leads  to  lione-lbnuation. 
The  os-seoiis  tissue  is  at  first  in  the  firm  of  spienles  or  .small 
nodules,  hut  irnidually  increases  to  eonsidenUile  ]in>|>i»rtions.  The 
mu.seles  themselves  eoiitract,  ar,d  various  ileformities  with  )iseudo- 
ankyloses  may  result.  The  mnsele.s  of  the  faee,  diaphnij^m,  and 
heart  are  nnaffeeted.  A  ]H'euliiir  nvalfurmalinti  has  been  found 
associated  with  75  [ler  cent,  of  the  eases.  This  is  a  form  of 
niierodaetylism — aid^ylosis  of  the  jdialanircs  of  the  thumb,  and 
,  lack  of  one  phalanx  of  the  great  toe  on  bt>th  sides. 


ATROPHY  AND  DEQENERATIONS. 


I  Several  forms  <if  atrophy  are  reeofrnized.  Certain  eases  are 
dependent  upon  disease  of  the  spinal  cord  or  nerves  (neuropathic 
form),  others  occur  as  primary  disea.ses  of  muscles  (myopathic 
form),  and  in  anr»tlier  pruu|)  the  change  i.s  due  to  simple  nutritional 
processes  (simple  and  .siMiile  forms). 

Neuropathic  muscular  atrophy  may  be  the  result  of  dis- 
ea.se  of  the  anterior  horns  of  the  pray  matter  of  the  cord.  To  the 
caj»es  in  which  this  lesion  is  the  underlying  pathologic  ct)ndition  the 
term  proffremive  muMcular  atrophij  has  been  applied.  The  causea 
of  this  disease  are  obscure. 

It  leads  to  progressive  atrojihy  of  the  mu.seles  of  the  hiind.s, 
arms,  and  shouhlerx,  and  less  frequently  of  those  of  the  body  and 
huttjx'ks.  It  usually  begins  in  the  small  mu.seles  of  the  hands, 
but  sometimes  atleets  those  of  the  shoulders  first.  The  muscles 
become  pale  and  rather  flabby.  Mierosco|iirally  the  fibers  show 
various  forms  of  degenenitiim.  Fnigmeutation  in  a  longitu- 
dinal or  in  a  trausverse  direction,  coagulation-necrosis,  and  oeea- 
sionally  fatty  degcnenstion  of  the  fibers  iiuiy  be  seeti.  SometirTies 
the  fibers  .seem  to  grow  smaller  by  a  simjilc  atrophic  prf»ee.«s  (Fig. 
346).  Coiucidently,  reactive  proliferation  is  seen  in  the  connective 
ti8.sue  between  fibers,  and  diuibtless  this  to  some  extent  causes 
fnrther  muscular  degeneration.  The  mu.scle-cells  themselves  may 
prolifcnite  quite  extensively. 

Secondary  neuropathic  muscular  atrophies  may  occur  in  various 
spinal  di.seascs,  such  as  svriugomyelia  and  in  degenenitions  follow- 
ing cerebral  dista.se.     These  arc  essentially  similar  in  character  to 
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the  primar)'  neuropathic  variety,  though  their  clinical  character] 
different.     Section,  di.seapc,  or  injur}'  of  motor  nerves  may  lead  i 
IfKal  atmj)hics  by  sejianiting  the  mnscles  from  their  trophic  ce 
tern  in  tlie  conl. 

Myopathic  musctilar  atrophy  occurs  in  children  and  young 
persons,  and   \»  frequently  hereditar}'.     It  liepin«  in  the  buttock 
thighs,  or  calves,  and  sometimes  in  the  shouhlers.     Two  for 
have  been  distinguished  :  the  simple  atrophic  form  and  the  pseudfl 
hypertrophic  form.     The  anatomical  changes  in  the  former 
the  same  as  in  the  neuropathic  variety  just  described. 


Flo.  Ml.— NrumrMUilc  miiarnlar  Alniphy,  thowlng  atrophy  of  the  inuMle-fibera.  IncW* 
in  thu  liitcrftuiclcular  llbroiu  tlisac,  aod  thickening  of  the  bloud-vawl  walls. 

Pseudohypertrophic  Muscular  Atrophy. — In  this  condition  the 
muscles  increase  greatly  in  size,  but  are  soft  and  flabby,  Tlw 
cliild  may  present  the  a{)poarauce  of  an  athlete,  with  enornioiii> 
calves  and  thigiis,  but  is  extremely  weak  and  can  scarcely  stainl. 
Microscopically  the  causation  of  the  enlargement  is  tound  to  lx'  * 
considerable  degree  of  intermuscular  proliferation  of  connectiv* 
tiasue,  with  markeil  fatty  infiltration.  Sometimes  in  this  form,  a* 
well  as  in  otlier  varieties,  some  actual  enlargement  of  the  moscle- 
fibers  is  observed,  but  this  is  doubtless  degenerative. 

Simple  mnscular  atrophy  may  be  senile  in  origin  or  due  to 
lack  of  exercise.  In  these  cases  the  muscle-fibers  become  snullIl'^ 
and  some  proliferation  of  the  connective  tissue  is  generally  pn^nl. 
In  senile  cases  brown  atrophy  mav  occur,  brownish  pigment- 
particles  being  deposited  in  the  atrophic  libers,  especially  m-jir  tl'< 
nuclei. 

Parenchymatous  degreneration  of  the  muscles  n»y  occof 
in  the  viciuit)'  of  inflammatory  lesions,  tumors,  or  other  aitws  <* 
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disease.  It  may  also  Dcciir  iu  the  course  of  infectious  diseases  in 
association  witli  coagulation-necrosis.  The  fibers  become  cloudy 
and  lose  their  striated  appeartinco  from  the  presence  of  minute 
lEtranules.  In  some  instances  inflammutorv  changes  in  the  inter- 
Ciscicular  connective  tissues  arc  a-ssociated  with  the  degeneration 
of  the  fibers.  Cases  of  this  sort  may  be  called  secondary  acute 
poh/im/ofiifh. 

Fatty  degeneration  is  found  under  the  same  eircmnstimcea 
as  the  above,  and  also  in  chronic  cachectic  diseases  and  iu  cases 
of  poisoning  with  phosphorus  and  otiicr  "  parenchyma-poisons." 
The  muscle-fibers  have  a  streaked  or  spotted,  yellowish  appear- 
ance, and  ari'  more  or  less  flabby.  Microscopically  the  fibers  are 
seen  to  i)e  filled  with  small  oil-dro|>li'ts,  which  obscure  the  stria- 
tions.  All  part^  of  the  fiber  may  become  degcnenitcd  until  the 
sarcolcmma-shciith  contains  only  a  mass  of  fat-tlroplets  and 
detritus. 

Fatty  infiltration  may  occur  in  as-sociation  with  atropliy  in 
the  condition  above  described — pseudohvfHTtrophic  muscular 
atrophy ;  and  in  various  nervous  diseases  in  which  the  muscles 
waste  fnim  disease  or  tntpliic  change.  A  certain  amount  of 
lipomatosis  mav  occur  in  general  obesity. 

Amyloid  degeneration  is  rare  and  unimportant. 

Calcification  may  occur  in  the  form  of  ossifying  myositis, 
anil  locally  iu  scars  following  various  Kical  diseases — abscesses, 
etc. 

Coagulation-necrosis,  or  hyaline  degeneration,  is  of 
great  clinical  importance.  It  was  first  discovered  by  v.  Zenker 
as  one  of  the  lesions  occurring  in  typhoid  fever.  The  muscle- 
fibers  at  first  hecorae  granular  and  cloudy  ( jxiirnrkt/matous  ilrrjcn- 
rration),  and  later  waxy  or  hyaline  change  occurs  in  streaks  or 
completely  transforming  the  fibers.  Transverse  fragmentation  is 
common,  and  groes  rupture  of  the  must^le  may  be  met  with.  In 
the  latter  cases  hemorrhagic  infiltration,  or  even  considerable 
heniurrbag)'  (Inmatiumi],  may  be  occasioned.  Reactive  inflam- 
matory' change  in  the  interstitial  connective  tissue  is  geneniUy 
present.  This  disease  iHx-urs  in  tiie  course  of  typhoid  fever,  but 
also  in  various  other  febrile  ami  infectious  conditions.  It  is  most 
(X>mTnon  in  the  abdominal  muscles  (rectus  alidominis),  in  certain 
muscles  of  the  e.xtreniities,  and  in  the  heart.  The  latter  situation 
is,  of  course,  of  greatest  significance  (see  Diseases  of  the  Heart). 


I 


INFECTIOUS   DISEASES. 

Tuberculosis  may  occur  in  the  form  of  cold  abscesses  in 
assoi.'iatiun  with  tuberculous  disease  of  bone,  or  less  frequently  of 
the  lymphatic  glands  or  other  parts.  In  these  cases  there  is  a 
gradual  extension  of  the  caseous  and  litjuefying  tuberculous  dis- 
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ease  into  the  muscles,  aud  soinetinies  the  abscesses  burrow  to 
great  dititances  within  llie  niusH'uhir  slieath,  as,  for  example,  in 
i*Ko<M  (ibscrsK.  Le>;»  destruefivc  tubeirnloiis  myositis  niav  occur 
m  the  muscles  beneath  the  skin  juul  mucous  mmibnines  by  exten- 
sion of  tuberculous  pnH-eeses.  In  these  cases  cellular  infiltration 
and  tubercle-formation,  with  some  cjiseous  chantte,  may  be  obser\ed. 
Miliary  tubercles,  or  larger  tubercular  nmlulcs  due  to  Iiematogeuoug 
inlcction,  are  rare. 

Sjrphilis  may  wcur  in  the  form  of  gtimmata,  and  it  is  likely 
that  some  cases  of  diffuse  productive  myositis  are  syphilitic  in 
nature.  As  in  other  parts  of  the  bmly,  the  bhKMi-vessels  in  these 
cases  have  been  described  as  psirtieulariy  thickened. 

Glanders,  actinomycosis,  and  anthrax  may  involve  the 
muscles  in  tiie  vicinity  of  the  s|>ecitic  lesions.  Ncxlular  ami,  later, 
necrotic  or  suppurative  foci  are  the  lesions  obser\-ed. 


TUMORS   AND  PARASITES. 

Tlie  tumors  of  muscles,  for  the  most  part,  si)rinp  from  the 
interstitial  connective  tissue.  Among  the  benign  tumors^Ti/onm^i, 
myxomain,  and  lipomata  are  sometimes  met  with.  O^fotna  and 
chondrovia  are  found  as  hx-alized  lesions  resulting  from  irrit.ition 
or  as  true  tumors.  Striped  muscle-tumors,  or  rhahthimi/omatu, 
are  rarely  found  in  the  muscles,  though  occasionally  seen  as  sni.ill 
nodules. 

More  important  than  the  above  is  narroma,  which  occurs  as 
a  primary  tumor  compjiratively  frequently.  The  fibrous  and 
spindle-eelled  varieties  are  common,  and  ronnd-eelled  s:irconia  iire 
sometimes  observed.  The  tumors  originate  fn>ni  the  conneotivr 
tissue,  though  it  is  held  by  some  that  the  nmsele-fibers  themselves 
may  inidergo  sarcomatous  transformation. 

Carcinoma  is  a  rare  tumor,  and  is  always  secondary.  The 
secondary  form  is  not  rarely  seen  in  the  muscles  in  the  vicinity  of 
carcinomata  of  other  structures,  such  as  the  mammary  gland. 

Among  the  paramtic  dwense^s  of  muscles  may  be  mentioned 
trichinosis,  cystieercus  invasion,  and  hydatid  disease.  The  first 
occasions  disseminated  myositis,  t<j  which  reference  has  already 
been  made.    The  other  two  conditions  are  rare  and  not  important 
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THE    DURA    MATER. 

CIRCULATORY   DISTURBANCES. 

Active  hyperemia  occurs  in  tlie  duni  in  a^^sociation  with 
tumors,  fruminata,  ami  Dtlicr  focal  diseasos.  Tiie  vessels  of  the 
dura  surroundi»)r  tlic  :trea  of  tliscast'  become  distended  and  the 
mendirane  may  lie  dit^iisdy  reddened. 

Passive  hyperemia  may  oeeur  under  the  same  circumstances 
as  till-  above,  and  also  in  ea.ses  of  tlironibusis  of  the  venous  sinuses. 

Hemorrhages  are  usually  due  to  traumatism,  and  may  occur 
on  tiie  outer  or  inner  surface  of  the  dura.  Extradural  hemor- 
rhages are  more  eotiimon  than  intradund,  especially  in  eases  in 
which  there  is  fracture  of  the  skull.  'A  collection  of  lJoo<l  he- 
txveen  the  skull  and  the  dura  is  .sometimes  designated  infernal 
cepha/oheinaloma.  Small  hemorrhag'es  into  the  dura  may  occur  in 
infectious  or  hemorrhagic  diseases  and  in  cases  of  death  from 
asphyxia. 

INFLAMMATIONS. 

Inflammation  of  the  dura,  or  pachymeningitis,  may  be 
acute  or  clironic,  and  hemorrhagic,  sujijiurative,  or  priKluctive  in 
character. 

Hemorrhagic  pachymeningitis  o<,'curs  more  fret]  uently  in  the  aged 
than  in  the  young,  and  is  not  uncommon  in  the  insane.  Chronic 
alcoholism  and  traumatism  seem  to  he  etiologic  factors  of  some 
importance.  In  the  early  stages  of  the  di.sease  the  inner  surface 
of  the  dura  exhibits  a  suiwrficial  ilcjiosit  or  niendirane  of  gnivisli 
color,  with  brown  or  red  spots,  the  former  being  composed'  of 
altered  bloixl-pigment  (hematuidiu).  Often  several  layers  are 
present,  indicating  successive  exacerbations.  Microscopically  the 
membranous  deposit  is  found  to  consist  <jf  soft  granulation-tissue 
containing  numerous  thin-walled  blood-vcisels.  Later,  diapedesis 
of  blood-corpuscles,  or  actual  hemorrhages,  fpccnr,  and  the  dis- 
eased area  may  have  the  appearances  of  a  simple  collection  of  blood 
or  of  a  more  or  le,«s  stnititied  hemonliagic  exudate.  Sometimes 
the  amount  of  exudate  and  of  hemorrhage  may  be  such  as  to  cause 
considerable  cerebral  compression,  and  in  other  cases  death  may 
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part    aljsorbt'd,  and   n  ricrous   ooUection  {litf(/roma    dunr    nwtru) 
rtsiilts.     The  seat  of  the  diseiise  is  usually  in  the  area  of  distri 
bution  of  the  middle  meningeal  artery. 

Suppurative  pachymenmgitis  may  <KTur  in  eonsfqiieiicc 
injuries,  earies,  or  other  diseases  of  the  skull.  Sometime?  it 
suits  from  purulent  softening  of  thrombi  in  the  venous  siuu^ifs, 
an<l  very  rarely  it  is  secondary  to  leptomeningitis.  Not  nin-ly 
looalizecl  suppurative  jiachymeningitis  results  from  disease  of  the 
middle  or  internal  ear,  with  extension  through  the  petrous  bone. 
The  dura  becomes  thickened  by  cellular  infiltration,  is  soft  and 
edematous,  and  not  rarely  undergoes  necrotic  change.  The  «li»- 
ease  may  be  localized  or  diffuse,  and  may  occasion  secondary 
thickening  and  adhesions  of  the  dura  in  eases  terminating  favor- 
ably. 

Prodnctive  pachymenin^tis  may  be  of  fibrous  or  os.si' 
ing  character.  The  etiology  is  oflen  obscure.  Some  cases  I'iiUkw 
hemorrhagic  or  suppurative  pachymeningitis ;  in  sf>me  the  process 
seems  to  be  primarily  prfKluctive.  Traumatism  may  cause  pro- 
liferation of  fibrous  tissue  in  the  diini.  This  is  especially  apt  to 
occur  after  fractures  of  the  skull  in  children,  when,  as  a  result  of 
its  adhesion  to  the  bone,"  the  dura  is  almost  invariai)ly  tr)rn. 
Syphilis  is  probably  a  cause  of  importance.  The  dura,  in  tl 
fibrous  variety,  is  simply  thickened  and  more  or  less  attached 
the  pia-arachnoid  and  the  inner  surface  of  the  skull.  When  li 
attiiclinients  with  the  skull  are  formed,  osteophytes  are  fri'<]ueiillv 
found  ii|M)n  the  surface  of  the  bones  and  in  the  diira  (ossily 
paehyineningitis).  Osseous  plates  may  be  met  with  in  the  fi 
cerebri  and  tentorium  cerebelli. 


« 
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INFECTIOUS    DISEASES. 

Tuberculosis  may  occur  in  the  form  of  miliary  tTibereles  in 
association  vvith  tuberculous  leptomeningitis.  It  may  alw>  l>o 
associated  witJi  tuberculosis  of  the  bones ;  and,  in  rare  instaiKcs 
has  been  met  with  as  a  primary  disease  of  the  dura.  In  the  bttpr 
c&FCH  the  disease  takes  the  form  of  a  caseous  nodular  thiekinins: 
of  the  nicnihnine. 

Syphilis  may  oei'asion  a  form  of  diffuse  productive  pacliy- 
meniiigitis,  or  gummata.  The  latter  may  originate  in  the  iliiw, 
and  extend  to  the  pia  or  skull-bones,  or  thev  may  originate  in  tn 
bones  and  invade  the  dura  secondarily.  Ciummata  in  tliis  !=itii» 
tion  present  tlieraselves  as  more  or  less  flattened  nodular  growth 
of  grayish  color,  having  a  marke<l  tendency  to  caseous  ehiini! 
and  to  resolution,  with  formation  of  circumscribed  thickening 
and  adhesions  of  tlie  dura. 
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TUMORS. 

Tumors  of  the  dura  mater  (K('ur  with  mnsklorable  fre- 
quency. The  most  oiitimim  is  jinilKihly  <ilvcol(tr  Kfirvimut.  This 
may  oc^fiir  in  various  sitiuitimis,  i-ithiT  as  a  Hut  swelling,  or  as  a 
somewhat  |iyniini<lal  mass,  witfi  tlie  apex  towanl  the  brain,  into  the 
substance  <if  wliieh  it  pmjeets ;  it  is  often  firmly  attaehed  t<i  the  sknll. 
Other  forms  of  sjireoma  are  inu/ioxiin'oiiui,  ehanieterizecl  by  the  pro- 
liferation of  the  cells  of  the  atlventitia  of  the  blood-vessels,  and  a 
form  in  which  the  fibrous  tissue  so  jtredominates  as  to  make  it  really 
a  fibroma,  althonph  nests  of  endothelial  eel  Is  are  found  seattereil 
throughout  it.  Other  forms  of  sarconia,  however,  also  (►eenr,  par- 
tieularly  a  mnu/l  rouixl-rif/  vnriel;/,  which  is  usually  inultijde  and 
the  result  of  iiu-tastasis  frf»m  sonu^  other  pcyrtion.  The  latter 
tumors  are  usually  Hat,  ditfuse,  and  often  exten.sive.  They  may 
or  may  not  cause  bulging  of  the  skull. 

Recent  investigalinns  have  shown  that  enilotheliomata  are 
among  the  most  common  tumors  in  (his  region.  They  usually 
occur  as  single  irregular  masses  ;  but  oeensiotially  they  an>  mul- 
tiple, and  it  is  jio^silile  that  under  these  circumstances  metastasis 
has  oecurn'd.  Ordinarily  they  produce  no  disturbance.'?  in  the 
brain,  but  in  a  few  instances  pressure-symjitoms  have  been  re- 
ported. In  any  of  these  forms,  but  particularly  in  t!u>se  in 
which  the  fibrous  connective  tissue  is  in  excess,  calcareous 
intiltration  is  not  uncommon.  In  nearly  all  cases  these 
tumors  may  priKluce  erosion  of  the  inner  surface  of  the 
skull.  Hyaline  degeneration  of  the  intercellular  substance  is 
ver^'  common.  Among  the  other  tumor-like  grfjwths  arc  fibrous 
changes  that  may  or  may  not  be  infianimatorv  in  nature,  and  lead 
tf>  eircumseribe<l  or  diH'tise  thiekeuHig  of  the  dura  mater,  and 
usually  cause  it  to  adhere  densely  to  the  skull.  These  are  nifist 
apt  to  be  found  in  fild  people.  In  addition  to  the  round-cci!  sar- 
coma, f/lioi*a rcoma.  of  the  brain  and  cnn'tiioma  of  the  scalp  may 
give  rise  to  secondary  growths  in  the  dura  mater,  but  these  are 
extremely  rare. 


r  CYSTS. 

Cysts  of  the  dura  are  usually  due  to  its  protrusion 
through  the  skull,  and  the  eseaj>e  into  the  protruded  jiortions 
of  eerebrospinal  Hnid.  This  is  spoken  of  as  mi-nhifffv'rfr.  Two 
varieties  are  n^cognizcd,  true  and  false.  True  meningocele  is  |>ro- 
duced  by  the  bulging  of  the  dura  mater  through  some  congenital 
fissure  in  the  skull.  It  is  ditScult  to  distinguish  this  from 
encephalocele  (7.  r.).  False  or  spurious  meningocele  is  almost 
invariably  the  result  of  some  injury  before  the  third  year  of  life. 
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Tlicro  is  frarture  of  the  skull  and  t-ffusion  of  Itlood.     Laltr  the 
blood   is  absurbt'd  and  replaced  by  a  ckiir  dtiid,  lea\-ing  only  a 
brownisli  layer  upon  the   inner  surface  of  the  cj'st.     As  in  early 
life  the  dura  is  adherent  to  the  skull,  it  is  usually  torn  at  the  tiiue 
of    fracture ;    and   ordinarily   there  is   also   a    laceration  of  the 
arachnoid,  allowing  the  escape  of  flie  cerebrospinal   fluid  into  the 
sac,  which  is  formed  externally  chicHy  by  the  jiericranium.    A- a 
n'sult  of  pressure,  of  boue-absorptiou,  or  of  defective  growth,  the 
opening  in  the  skull  usually  enlarges  considerably,  and  ultimately 
tliero  is  extreme  deformity  of  the  head.     In  cases  where  the  brain 
has  i)een   lacerated   at   the   time  of   injury,  porencephalic  cavite 
may  occur,  which  in   some  instances    have  conjmunicatc<l  with  the 
lateral  ventricles.     The  commonest  situation  for  these  cysts  i.«  thi' 
parietal  bone  ;    but  they  may   oc<!ur  in  the    frontal  or  occipital 
regions,  and  in  rare  cases  are  multiple. 


I 


THE   V\.\   AND   ARACHNOID. 


CIRCULATORY   DISTURBANCES. 

Anemia  of  the  pia  may  occur  in  cases  of  general  anemia. 

Active  hyperemia  is  constantly  jiresent  in  the  early  staga 
of  meningitis.  It  is  also  met  with  in  cases  of  death  from  alcohol- 
i.siu,  and  in  severe  infectious  fevers,  though  in  most  of  the.se  case* 
microscopic  examination  discloses  the  fact  that  the  process  is  really 
one  fif  licginuing  inflanintation.  The  pia  is  retl  and  the  small 
arterioles  are  injected.  The  fluid  in  the  subarachnoid  space  i«  in 
excess,  an<l  may  be  slightly  turbid  or  .sanguinolent. 

Passive  hyperemia  occurs  in  cases  of  general  venous  stasis 
as  in  heart-disease,  pulmonary  disease,  and  venous  thron)b<»sL«. 
The  large  veins  are  greatly  swollen,  and  the  subarachnoid  fluid  i» 
excessive. 

Hemorrhages. — Small  punctate  hemorrhages  may  oectir  in 
cases  of  meningiti.s,  in  scurvy,  jyurpuni,  and  the  like.  Larger 
hemorrhjiges  iK'twecn  the  pia  and  arachnoid  are  most  comiuonlv 
due  to  traumatism,  and  may  sometinies  be  the  result  of  rupture  of 
aneurysms.  The  blood  in  ca.ses  of  large  hemorrhages  may  cau* 
injurious  cerebnil  compression,  if  death  does  not  follow  the  injur^' 
itself.  Occasionally  the  blood  l>ecomes  inspi.ssate<l  and  ab<t)nx'<i, 
the  membraut's  in  these  instances  l)ecoming  thickened  and  pic- 
raeiited,  or  it  may  lie  encapsulated  and  the  pigment  absorfKil. 
giving  rise  to  a  clear  cyst  (hi/t/roma), 

Bdema  of  the  membranes,  or  collectioas  of  liquid  in  the  sub- 
arachnoid space  (external  hydrocephalus)  may  be  due  to  pnssive 
congestion.     The  membranes  are  thickened  and  of  a  transluccni 
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or  gelatinous  ap^K-araiioe  ;  the  siibiiraehnnid  fluid  cjiuscs  elevation 
of  the  arachnuiil  iuid  more  or  les^  coinpression  of  tlic  cere- 
bral convolutiims.  Htjtli'op>t  ex  rncno  is  a  form  of  dropsieal  effu- 
sion under  the  arachnoid,  resulting  from  atrn|iliy  or  hypoplasia  of 
the  cerohnil  ckii  volutions.  Tlic  space  normally  occupied  l>y  cere- 
bral substance  is  in  these  cases  filled  with  ccrcbroHpinal  liipiid. 


b 


INFLAMMATION. 


Inflammation  of  the  arachnoid  and  pia  is  called  lepto- 
meningitis. It  is  always  an  infections  process,  and  may  be 
cither  acute  e>r  ehronic. 

Etiology. — The  commonest  cause  of  acute  leptomeningitis  is  the 
pneunKK-oceus.  It  is  foniui  in  about  til>  per  cent,  of  all  ca.«cs,  and 
in  these  pneumonia  is  often  an  a.-so<'iated  or  primary  condition. 
The  pneumocfMrus  may  n^ach  the  meninges  either  by  ttic  blond-  or 
Ivmph-channels,  or  by  crecpirvg  along  tlie  lym|ibatic  spaces  in  the 
areolar  ti.«sue  between  the  esophagus  and  vertebnil  column  ;  occa- 
sionally it  enters  directly  from  the  ear  or  nasal  cavity.  Other 
micro-organisms  that  have  l>ecn  found  are  the  streptococcus,  the 
staphyltM'tK'cus,  F'riedlander's  bacillus,  the  Hacillus  pyocyaneus, 
the  bacillus  of  glanders;  the  actinomyees,  the  typlioid  bacillus 
(of  which  a  nvmdier  of  «ises  have  been  reported),  the  Bacillus 
coli  communis,  and  the  bacillus  of  bubonic  plague.  Meningitis 
fx'casionally  occurs  in  the  course  of  gonorrhea,  but  no  case  has  as 
yet  been  rep>rted  in  which  the  gonococcus  was  certainly  demon- 
strated. Mi.xed  infection  is  not  imcommon,  consisting  usually  of 
the  pneumocdccus  and  one  or  fither  rtf  the  more  common  pyogenic 
micro-organisms,  and  the  latter  are  also  fre(|uently  found  associated 
with  the  tubercle-bacillus.  The  cause  of  epidemic  ccTebrtispinal 
meningitis  is  the  DijilitrDceua  infmfr/hiJitrin  iiii'vitif/ifiiliM,  diseov- 
ere<l  in  1S87  by  Weichselbaum  in  six  ea.ses  that  he  examined,  and 
?ubse*|ueutly  found  in  other  ca.ses  liy  Goldschmidt,  Guamieri, 
Netter.   Fabnr,  and  others. 

Pathologic  Anatomy. — The  gross  changes  may  varv  fnmi  those 
that  are  not  recognizable  macrosc4)pieally,  to  collections  of  green- 
i.sh  pus  in  the  subarachnoidal  space  half  an  inch  or  more  in  thick- 
ness and  covering  the  entire  suriace  of  the  brain.  In  the  slight- 
>e8t  forms  the  pre'sence  of  the  condition  may  be  snspecte<l  by  the 
slight  edema  of  the  arachnoid,  and  perhaps  a  small  collection  of 
fluid  containing  Hakes  along  llie  Ksfiures  of  the  lirain.  In  some 
cases,  however,  even  this  does  not  occur,  and  it  is  im[Mjssible,  with- 
out a  microscopic  examination,  to  say  that  inflammatory  processes 
exist.  Microscopically,  sections  in  these  cases  usually  show  over- 
filling of  the  small  vessels  with  bliMnl,  and  a  greater  or  less  num- 
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ber  i)f  niiiiul  cells,  usually  p)l_v nuclear,  imnieiliately  surrounding 
it.  Often  this  collection  of  round  cells  is  most  marked  in  tlit 
rccesaea  of  the  convolutions.  Staining  for  bacteria  usually  reveals 
the  presence  of  a  few,  although  in  these  cases  they  are  rarely  nu- 
merous. If  the  prof^ess  has  l)e<'n  more  severe,  or  of  longer  dura- 
tion, the  edema  of  the  anichnoid  becomes  more  pronounced  ;  its 
glassv,  moist  apjKMrance  being  very  distinctive.  The  vessels  are 
u^uafly  injecteil;  and  this  applies  jiarticularly  to  the  veins,  which 
appear  as  dark-blue  tortuous  cords  running  through  the  meni- 
bnuies.  In  the  subarachnoidal  space  there  is  now  a  considerable 
collection  of  fluid,  and  along  the  sides  of  the  arteries  usually  a 
distinct  collection  of  lymph  or  pus.  Simetimes,  but  not  always, 
the  arterioles  are  also  distinctly  inieeto<l,  and  occasionally  there  is 
a  faint  pinkish  coloration,  due  to  the  injection  of  the  capillaries. 

This  form  may  be  localized  or  diffuse,  and  is  usually  secondani' 
to  some  local  source  of  inflammation,  which  is  most  fri'quently 
middle-ear  disease.  The  pro(.-ess  often  shows  tlistiuct  indit-atiniis 
of  rapid  extension. 

The  diffuse  forms  have  been  divided  (according  to  the  part 
affected  with  givatesl  intensity)  into  Icptoinoningitis  of  the  vertex 
and  leptomeningitis  of  the  Iwise.  Ordinarily  the  purulent  cxnd.Mle 
is  most  pronounced  along  the  course  of  the  middle  cerebral  artery, 
extt'udiug  from  either  side  of  the  sella  turcica  outwanl  and  iipwarri. 

Tiic  changes  observed  consist  of  diffuse  injection  of  ihe  soft 
membranes,  e<lema  of  the  ai-achnoid,  and  a  ]x»rivascular  sen'- 
fibrinous  exudate  along  the  course  of  the  vessels  coming  from  tiie 
veins.  Microscopically,  sections  show  around  these  vessels  a  ina.v< 
of  fibrin,  in  which  are  embedded  a  considerable  number  of  jwiy- 
nudeur  leukocytes.  Often  cells  undergoing  fatty  degeneration  an; 
also  found  in  tijese  masses,  lying  close  to  the  walls  of  the  ve.^-^t'l^ 
in  tlie  portioris  of  the  brain  where  the  changes  are  most  pn*- 
nounced.  In  this  contlitiou  inicro-org-.misms  are  usually  foiuw 
quite  readily,  either  within  or  without  the  cells,  those  within  t^>* 
cells,  in  jKirtieular,  frequently  showing  a  partial  loss  of  stainit»?' 
power,  that  has  been  taken  to  indicate  phagticytic  activity. 

In  the  most  severe  wises  the  entire  sui)anichnoidal  space  is  i%^ 
tended  with  a  purulent  accumulation.     The  surface  of  the  br^^ 
can  no  longer  oe  seen,  the   thick  creenish  exudate  covering  tf^'^*^^ 
convolutions  as  a  smooth  mantle.     In  nearly  all  these  cases  th*^' 
is  also  pronounced  edema,  the  arachnoid  looking  thick,  shinv,  a  ^ 
moist.     Microscopic  sections  show  the  ordinary  picture  of  a  pn 
lentaccunnilation  ;  pus-cells  in  a  fibrinous  meshwork,  des<pjamat 
endothelial   cells,  and    micro-organisms.     In   all   fonus    <>f  nnv 
leptomeningitis  jK-techial  hcntorrliages  int<j  the  anichnoid  are  eon    '^ 
mon.     The  substance  of  the  bi-ain  and  cord  may  also  be  involveu-^ 
and  this  involvement  may  vary  from  a  slight  increase  of  the  neur^i 
roglia-olenients  just  beneath   the  pia,  to  the  presence  of  foci  o0^ 
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round  cells.  These  foci  are  usually  found  alxiiit  the  email  vessels 
or  lymphatics  dipping  in  from  thf  pia,  tliu  latter  situation  heing 
by  tiir  the  niort'  IVetpifut.  Ordinarily  tht-y  art'  niicroscujiie  and 
surrounded  hy  a  narrow  zono  of  partially  dciioncratcd  nervous 
substance,  outside  of  whit'h  tliere  is  ajr-'in  a  slijjlit  iuerease  iu  the 
neurogiia-tissuc  and  cells.  Occasitaially,  however,  the  cerebral 
involvement  may  be  more  extensive,  and  large  abscoss-es  are 
formed,  leading  to  the  destniction  of  con.siderable  portions  of  the 
nervous  substance.  The  nervc-tiljers,  even  those  iu  the  neighbor- 
hood of  the  lesion,  rarely  sliow  distinct  alterations.  The  ganglion- 
cells,  however,  exhibit  slight  ditt'useness  in  taking  the  stain,  or 
irregularities  in  the  arnuigt-nient  of  the  chromophilic  bodies.  If 
the  abscesses  arc  larger,  either  involving  or  close  to  the  gray  sub- 
stance, the  ganglion-cells  may  .«how  extensive  degeneration,  with 
entire  loss  of  staining-power  and  fragmentation  of  the  protip]ilasmic 
processes,  nothing  being  left  to  indicate  the  position  of  the  cells 
excepting  an  irregularly  shaped  vesicle  containing  some  brownish 
pigment.     These  larger  foci,  however,  are  usually  found  in  the 

» white  substance. 
An  attem])t  has  been  made  to  distinguish  varieties  of  menin- 
gitis aceonling  to  the  infective  agents,  and  Netter  has  stated  that 
in  pneunKX-rwcic  infection  the  pus  is  viscid  and  greenish  ;  in  strep- 
tocfK?cic  infection,  more  serous  and  less  adherent  to  the  mem- 
branes. Houl  believes  that  only  four  forms  can  be  difl'erentiatcd — 
the  thick,  viscid  pus  of  the  pyogenic miero-orgjinisms,  the  yellow- 
ish exudate  of  tuberculosis,  tlie  bhiish-green  pus  of  the  Bacillus 
pyocvanens,  and  the  purulent  exudate  containing  yellowish  gniins 

■  of  ."ictinoniyces. 
Epidemic  cerebrospinal  meningitis  does  not  diiler  essen- 
tially from  the  ordinary  septic  fomi,  excepting  in  its  cause. 
As  a  general  nile  the  inflammatory  process  begins  U]Min  the 
convexity  of  the  frontal  lobes,  and  proceeds  backwanl  and  dnwn- 
■ward,  the  liasal  meninges  being  involvi'd  late  iu  the  ceuirse  id'  the 
disease.  Aside  iVom  those  forms  occurring  as  a  complicatinn  of 
other  pathologic  conditions  that  lead  to  death  before  the  menin- 
gitis has  been  fully  developed,  it  is  the  one  most  likely  to  kill  the 
patient  before  distinct  alterations  have  become  evitlent.     These 

tca-ses  are  spoken  of  as  foudroyant  or  fulminnnt.  The  disease  is 
often  accompanied  by  lesions  in  other  parts  of  the  body,  as  pete- 
chia' in  the  skin,  suppuration  in  the  joints,  multiple  absccs.ses,  cn- 
d<icarditis,  degenerations  of  the  myocardium,  and  suppuration  of 
the  labyrinth  of  the  ear. 

•  Associated  Changes. — Besides  the  meninges  of  the  brain ,  those 
of  the  cord  are  almost  always  involved,  even  in  cases  of  tuber- 
cular meningitis.  The  peculiarities  of  these  conditions  are  de- 
scribed in  the  section  on  the  spinal  cord.  Extension  along  the 
fold  of  pia  mater  that  cnvers  the  choroid  plexus  is  also  exceed- 
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ingly  common.  The  cerebrospinal  fluid  may  be  turbid,  there  is  a 
moderate  amount  of  lymph  on  the  ependyma  and  over  the  surface 
of  the  plexus,  and  the  latter  may  even  contain  small  abscesses. 
Not  infrequently,  in  prolonged  cases,  meningitic  adhesions  and 
occlusion  of  the  aqueduct  of  Sylvius  give  rise  to  an  acute  hydro- 
cephalus. 

INFECTIOUS  DISEASES. 

Tuberctdous  meningitis  is  usually  a  secondary  affection, 
although  in  children  it  may  occasionally  appear  in  connection  with 
a  few  recent  foci  in  other  parts  of  the  body.  The  bacilli  reach  the 
meninges  ordinarily  by  the  blood-vessels,  particularly,  in  all  prob- 
ability, by  the  left  carotid,  from  which  situation  they  may  spread 
along  the  base  or  to  the  vertex.  Occasionally  they  seem  to  pass 
up  the  vertebral  arteries,  and  may  then  affect  the  cerebellum  more 
severely  than  the  base  of  the  cerebrum.  Tuberculosis  may  also 
extend  directly  from  the  tubercular  lesions  of  the  skull  or  of  the 
middle  ear,  and  it  has  occasionally  been  observed  to  occur  after 
traumatism.  Other  routes  of  infection,  however,  have  been  sug- 
gested, particularly,  as  in  acute  purulent  meningitis,  the  organising 
nave  been  supposed  to  pass  up  the  posterior  mediastinum,  the  retro- 
pharyngeal areolar  tissue,  and  thence  into  the  cranial  cavity.  Mixed 
infection  not  infrequently  occurs,  and  has  been  supposed  to  account 
for  the  purulent  exudate.  It  is  certain,  however,  that  pure  tuber- 
culous meningitis  may  occasion  the  formation  of  pus.  The  organ- 
ism that  is  most  frequently  found  in  connection  with  tubercle- 
bacillus  is  the  pneumoooccus,  and  it  may  be  found  intimately 
associate<l,  although  it  has  been  stated  that  the  tubercle-bacillus 
appears  to  predominate  at  the  base  of  the  brain  and  the  pneu- 
moooccus in  the  exudate  of  the  convexity. 

Pathologic  Anatomy. — In  cases  that  die  of  pulmonary  tubercu- 
losis it  is  not  uncommon  to  find,  particularly  upon  the  convexity 
of  tlu>  pia  niater,  a  number  of  small  grayish  nodules.  These  arc 
not  always  apparent  ujwn  superficial  inspection,  but  by  cutting 
tlii\>U!jh  the  oorobrsil  hemisphere  as  far  as  the  pia,  and  then  strip- 
ping it  away  from  the  un<lcr  surface  of  the  membrane  and  holding 
the  lattor  ui)  to  the  light,  they  may  readily  be  seen.  In  certain 
cases  tulH'rek'-l)acilli  have  been  found  when  recognizable  macro- 
scopic Itsioiis  wore  entirely  absent.  Microscopic  examination, 
lK)wovor,  lias  usually  revoaletl  a  faw  masses  of  epithelioid  cell* 
and  soino  slight  perivascular  round-cell  infiltration. 

Whon  tlio  infootion  is  more  severe  the  tubereles  are  usually 
most  luiinoiMus  uiK>n  tlio  base  of  the  brain,  particularly  on  oith'' 
.sitle  of  tlio  oarotid  canal  aiul  in  that  part  of  the  bsise  just  jx'?'''* 
rior  to  tlio  dorsum  solho.  Oixlinarily  the  disease  assumes  the  t'<^nu 
of  dissoniinatod  miliarv  tultorculosis.  The  tul)ereles  are  situattJ 
botwoon  tlio  arachnoid  and  the  pia,  often  in  the  depths  of  the  siJi"'- 
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They  vary  in  size  up  to  0.5  cm.  in  diameter,  and  often  show  sliglit 
cheesy  degeneration  in  the  eenter.  The  meninges  are  eongested, 
and  usnally  there  is  an  exudate  uf  inflammatory  liquid  that  eontatns 
flocculi  ol'  lymph,  or  is  even  serojiurulent  in  character.  Miero- 
Bcoi)ic  exaniinatioi)  shows  tliat  the  tubercles  are  eompowd  of  epi- 
thelioid cells,  wliieli  oceasioually  present  some  evidence  of  division. 
Giant-cells  arc  also  present,  although  jierhaps  not  so  frequently  as 
in  lesions  in  otiier  i)arts  of  the  bwly.  There  is  usually  round-cell 
infiltration  alMiiit  tlic  vessels,  and  the  latter  are  apt  to  be  distendtnl. 
This  ronnd-eell  infiltration  may  also  extend  into  the  cortex  of  the 
brain,  and  the  tubercles  are  often  found  in  the  latter  situation. 
Tubercles  may  also  exist  in  the  choroid  plexus.  Sometimes,  if  the 
process  has  lasted  for  some  time,  and  the  tuberenlar  masses  have  in- 
creased in  size,  they  may  undergo  clieesy  degeneration  and  fVirm  ir- 
reg;ular  masses  ;  these  are  usually  found  at  the  base  of  the  brain,  and 
often  cause  serious  pressure  upon  the  cranial  nerves  thattlieyinvolve. 
Occasionally,  when  only  a  small  number  of  bacilli  have  reached 
the  meninges  and  have  lieeu  deposited  in  one  point,  a  single  clicesy 
nodule  may  be  found,  particularly  in  one  of  the  sidci,  forming  tlie 
meningeal  fip'omn,  that  sometimes  attains  a  considerable  size.  In 
these  less  acute  cases  the  exudate  is  considerable,  and  involves  not 
only  the  subarachnoidal  space,  but  also  the  ventricles  of  the  brain, 
causing  a  condition  that  was  formerly  descrilied  as  acale  liifdro- 
cephahis.  Xnnierous  tubercles  are  found  in  the  choroid  plexus, 
and  the  ependyma  is  covcrefl  with  slight  elevations  resembling 
somewhat  the  npjiearance  of  cor  villosum.  These  are  usually 
found  to  consist  of  proliferated  endothelial  cells  and  of  the  sub- 
ependymal neuMglia  and  fibrous  tissue.  Tubercidous  infiltration 
of  the  brain-sidjstauee  is,  however,  very  common.  This  may 
be  either  nothing  more  than  an  extension  by  cuntinuity  along  the 
lymph-spaces  and  bl(»(Ml-vessels  dipping  tVom  the  jiia  or  ependyma 
into  the  l>rain-sul)stance,  and  giving  ri.se  to  small  foci  composed  of 
epithelioid  and  giant-cells  surrounded  by  leukocytes,  and  perhaps 
exhibitiug  a  slight  degree  of  cheesy  dcgeneraticm  in  the  center  ;  or 
else  considerable  areas  of  soiWning,  whicb  are  jierhaps  caused  by 
the  formation  of  thnnnbi.  These  are  most  fretjucut  in  the  corjtus 
striatum  and  the  crura,  and  a|>|)ear  as  grayish-white  or  yellowish 
areas  of  softened  and  degcneratcil  nervous  tissue.  Not  infre- 
(luently,  punctiforni  hemorrhages  are  found  in  the  cortex  about 
these  areas  of  softening.  The  tubercle-bacillus  is  usually  readily 
found,  although  this  is  jiractieally  impussible  if  the  tissue  has  been 
hardened  in  Midler's  tttiid.  In  general,  extension  of  the  tuber- 
cular pnHiess  to  the  meninges  of  the  cord  cwcurs  if  the  iluration 
of  the  pro«;css  is  at  all  prolunged,  l)ut  the  vertebral  canal  is  so 
much  longer  than  the  spinal  cord  that  pressure-.symptoms  rarely 
occur,  and,  as  the  irritatinn  is  slight,  the  cranial  symptoms  domi- 
ite  the  clinical  course. 


SjTJhilis  may  oiviir  in  tlie  form  of  gummatous  infiltratioi 
In  thvav  in.stanc-L's  there  art'  found  Hattcnctl  no<lular  thickcnini 
of  the  ararhnoid  and  ])ia,  of  grayish  or  pinkish  i^li»r,  and  tendi 
to  undergo  ncn-rotic  rhange.  The  pri)<'t's.-»  begins  in  tlie  inr 
eurfiice  of  tiie  arachnoitJ,  or  sonietimes  in  the  walls  of  tlie  blood- 
vesjiols,  an<l  extends  to  the  pia  and  cen'hral  sul»<tunee  on  the  oi 
liaud,  and  to  the  dura  on  the  otiier.  In  anotiier  form  of  s>j)hi 
there  is  diffuse  infiltration  or  syphilitic  leptomeningitis,  eaufii 
consi<lerable  thickening  of  the  meninges. 

Chronic  syphilitic  leptomeningitis  and  mcninpo-enccphalitisare 
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occasionally  met  witli.  In  these  oases  the  membranes  are  thick- 
ened and  fibrous,  and  secondary  extension  of  the  infiltration  into 
the  cerebral  cortex  (occurs  (Fig.  347). 

TUMORS. 

The  Pacchionian  Bodies. — The  most  common,  and  clini- 
oally  jiiTliups  the  least  important,  tumors  of  the  arachnoid  are  the  ^M 
Pacchioniitii  bodies.  These  (M'cur  as  small  granular  iimssi's  "' ^^ 
circumscrilied  iHMlides,  cJiiefiy  along  the  upper  edge  of  the  .Mi(>t'rior 
longitudinal  sinus,  fiften  extending  a  short  distance  latoraliy  over 
the  convex  surfiice  of  the  convolutions.  Microscopically  tbfV 
cxjusist  of  dense  masses  of  fibrous  ti.ssue,  covered  by  a  layer "' 
prolifenitc<l  endothelial  cells,  which  give  them  a  concentric  stnic*- 
ure.  Occasionally  some  calcareous  nodides  may  be  found  in  tlifi". 
They  usually  grow  only  outwardly,  and  frequently  ertnle  the  skul'i 
giving  rise  to  little  pits  upon  the  inner  surface. 

Kndotheliomata  are  most  fref|nently  found  in  the  pift  niatf'- 
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They  occur  as  irregular  alvcali,  liiiwl  witii  ciilwidal  or  rotinJ  endo- 
thelial cells.  These  are  not  always  iirraiitfeti  in  a  single  layer,  hut 
may  (K-ciLsiunally  Kli  tlie  alveolus,  altluiiifrh  this  is  uut  etminioti,  anil 
more  Iretjuctitly  some  have  hroken  IcHise  and  lie  tree  in  the  cavity. 
The  cells  olU'H  show  karynkinetie  <-han^es,  and  occasionally  alter- 
ations ill  sha|i(',  due  to  mutual  pressure.  These  tumors  rescmhle 
ircinomata  closely,   hut   the   preseuce  and    prolifenition   of  the 
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epithelium-like  cells  in  the  stroma,  such  as  occur  in  carcinoma, 
have  n<it  heeii  ohserved   (Fijr-  '3-iM). 

Cholesteatotnata  are  of  two  kin<ls  :  those  consisting  exclu- 
sively of  wiuamous  epithelial  cells,  and  tho.se  containing,  in  addition, 
various  other  ejiidermal  structures,  such  as  hairs  or  sehaceous 
glands.  They  are  usually  situated  in  or  ahout  the  median  line, 
along  the  hase  of  the  hniin  nr  mi  th<'  up[»er  surface  of  the  corpus 
callostim,  or  somewhere  along  the  clmrnid  jile.xuses.  Those  con- 
taining hair  are  ntost  frequently  found  near  the  <'erel)el[uni,  grow- 
ing either  from  the  arachnoid,  or,  more  mrely,  from  the  outer  sur- 
face of  the  dura.  The  latter  may  occur  ujmhi  the  frontal  or  oeeiji- 
ital  hones,  and  often  sliovv  calcareous  infiltration,  or  even  true 
osseous  fiirmatioii. 

I/ipomata  are  rare.  They  are  usually  found  in  children,  and 
always  in  the  soft  menihranes,  especially  the  |)ia  nuiter.  The 
most  frequent  seats  are  the  upper  surface  of  the  corpus  callosum 
and  the  cor|xira  candicantia.  According  to  Kostroeni,  they  arc 
pnjhahly  epidermal  in  origin,  nothing  hut  tiie  suheutaueous  fatty 
sue  being  left. 
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Teratotnata  may  hf  present.  Cliinri  has  ilcsoribetl  a  case 
that  grew  iVoia  the  lining  membrane  of  the  thinl  ventricle  in  un 
infant  that  died  at  the  age  of  seven  weeks.  It  consisted  of  u 
mednllary  white  mass  and  a  number  of  serous  cysts.  The  solid 
substance  was  eomjw.sed  of  fetal  lirain-substance,  in  which  were 
fissures  lined  with  epithelium  similar  to  that  of  the  central  canal 
of  the  cord,  and  giinglion-cells,  retinal  cells,  skin-glands,  and  jellv 
of  Wharton.     Fibrous  and  cartilaginous  tissues  were  also  present. 

THE   BR.\IN. 

Physiology. — The  functions  of  the  membranes  of  the  brain 
are  partly  protective,  partly  nutritive.  The  dura  6er\'es  to  nour- 
ish the  uiKler  surface  of  the  skidl,  to  enclose  the  sinuses  nirrying 
blood  away  from  the  brain,  and  to  protect  the  bniin  itself.  As  a 
result  of  laceration,  it  may  allow  the  brain  to  protrude,  and  any 
condition  obstructing  the  sinuses  naturally  gives  rise  to  paswive 
congestion.  The  arachnoid  is  a  delicate  membrane  intimately 
associated  with  the  pia,  trom  which  it  is  separated  by  an  areolar 
connective  tissue  in  whose  meshes  the  cerel)rospinal  fluid  circu- 
lates. As  this  is  very  distensible,  in  all  cases  of  passive  conpes- 
tion  or  e<lema  of  the  brain  a  considerable  amount  of  fluid  is 
found  l)etween  these  two  membranes.  It  acts  thus  as  a  sort  ot* 
safety-valve.  The  pia  forms  a  delicate  fibrous  membrane  inti- 
mately associated  with  the  surface  of  the  cerebral  convolution*. 
Any  lesion  of  it  therefore  involves  the  brain-substances. 

DEVELOPMENT  AND   ANATOMY. 

Development. — (For  convenience,  the  development  of  the  cord  ia con- 
sidered in  this  place  with  that  of  the  brain.)  Tne  central  nervous  wtem 
commences  as  a  shallow  depression,  that  appears  in  front  of  the  primitivt 
streak  in  early  enibryologic  existence.  It  is  bounded  on  either  side  by  r)d).'e\ 
known  a.s  the  medullnry  j'nliU.  The  groove  gradually  becomes  deeper.  mA 
finally  the  two  medullary  folds  unite,  giving  rise  to  the  formation  of  the 
metlullari/  canal,  which  is  soon  separated  from  the  dorsal  surface  of  the  em- 
bryo by  the  interposition  of  mesoblastic  tissue.  The  canal  is  firet  formri 
in  the  portion  that  subsequently  forms  the  cervical  region  of  the  spinal  cord. 
.Tust  beneath  the  medullary  canal  there  is  a  cylindrical  collection  of  flK 
often  with  a  small  cavity  in  the  center  that  forms  anteriorly  a  shallow  groovr. 
the  so-called  notochord.  Its  function  is  unknown,  and  it  eventually  ilisap- 
pears  duriu);;  embryonic  e.xistence,  although  traces  may  still  be  found  in  lli< 
intervertebral  cartilages  at  birth.  In  some  of  the  lower  animals  »  'tiM 
sac-like  dilatation  is  found  anteriorly,  from  which  a  process  oxtond^  I"" 
ward  and  appareutly  stops  at  the  hypophysis  cerebri;  but  it  is  not  cir'a" 
that  it  forms  a  portion  ot  this  organ.  The  anterior  extremity  of  the  i-rabr?" 
continues  to  grow,  and  bends  downward,  forming  the  cephalic  fold.  In 
this  part  of  the  neural  canal  three  dilatations  occur — the  prininry  tftitlei 
of  Ihf  bruin;  the  pcwterior  portion   ultimately  forms  the  spinal  coni. 

The  Oord. — At  first  the  wall  of  the  embryonal  cord  is  composed  oi  » 
single  laver  of  cylindrical  epithelial  cells  {ttpnnijioblnnU),  with  nuclei  "' 
various  distances  from  the  central   canal;   these  ultimately  become  the 
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nuclei  of  the  glia-cells.  Tire  central  ends  remain  cylindrical ;  the  periph- 
eral ends  become  branched,  forming  tlie  niyelosponpiiini,  prohatdy  tlie 
antecedent  of  the  neurnplia-fihers.  wliich,  according  to  some  recent  investi- 
gations, become  separated  I'roin  the  cells.  At  the  age  of  about  five  weeks 
m  the  human  embryo,  certain  cells,  with  a  considerable  amount  of  clear 
protoplasm,  are  found  near  the  inner  limiting  membrane,  the  so-called 
germinal  celli.  Subaequcntly  other  cells  appear,  probably  derived  from  the 
germinal  cells,  us  they  are  first  Ibund  in  the  situations  occupied  by  these, 
the  so-called  neurubOiMs.  The.-<e  are  distinguished  bv  the  appearance  of  a 
projection,  pointing  tfiward  the  perijiherv  of  the  spina!  cord,  that  grows 
out  from  the  protoplasm  and  uitimatelv  f»ierces  the  external  limiting 
membrane  to  become  an  axis-cylinder.  Ihe  central  canal,  at  this  period, 
is  usually  elliptical  in  shape,  with  the  long  axis  dorsoventral.  The  anterior 
and  rxisterior  ends  are  very  thin,  and  the  former  ultimately  becomes  inragi- 
nated  to  form  the  anterior  coruniissure. 

Just  outside  of  the  cord,  probably  from  masses  of  ejiildastic  cells  derived 
from  its  wall,  the  cells  of  the  sjiinal  ganglia  appear.  These  are,  at  first, 
bipolar,  one  process  extending  into  the  sjunai  cord,  and  the  other  peripher- 
ally, but  ultimately  the  two  ))roecsses  unite  at  their  commencement.  The 
spinal  cord  at  tirst  coinpletelv  fills  the  s|>iiial  canal,  hut  after  the  fourth 
month  the  vertebral  column  begins  to  grow  somewhat  more  rajiidly,  and 
at  birth  the  conns  terminalis  is  opposite  the  third,  and  in  the  adult  extends 
only  to  the  lower  end  of  the  first,  luinlmr  vertebra.  The  nerve-fibers  are 
at  first  non-medullated,  but  later  nivelin-sheaths  appear,  first  in  certain 
parts  of  the  jMJsterior  coIviojus,  ami  lastly  in  the  pyramidal  tracts,  which 
often,  at  birth,  are  not  yet  entirely  medullated.  The  membranes  are 
derived  from  the  mesohlaat. 

The  Brain. — Tiie  three  primary  vesicles  from  which  the  brain  is  devel- 
oped continue  to  grow,  and  the  first  is  subdivided  hv  it  median  constriction 
into  two  secondary  vesicles,  the  prosencephalon  and  the  thalamencejihalon. 
From  the  former  two  lateral  oflshoots  ajipear,  which  give  rise  to  the 
cavities  of  the  lateral  ventricle;  and  from  the  walls  of  these  are  developed 
the  cerebral  heniisjiheres,  the  olfactory  lobes,  and  the  corpus  callosum,. 
Tlie  cavity  of  the  second  vesicle  forms  the  third  ventricle,  and  from  its  walls 
grow  the  nervous  part  of  the  eye,  the  optic  thalamr.  and  the  pituitary 
and  nineal  bodies.  The  cavity  of  this  vesicle  (mesencephalon)  forms  the 
acpieiluct  of  Sylvius,  and  from  its  walls  grow  the  corpora  quadrigeinitia 
and  the  crura.  The  posterior  primary  vesicle  also  becomes  constricted, 
forming  the  cjiencephalon  and  the  metenccphalon.  The  two  cavities, 
however,  remain  united  and  form  the  fourth  ventricle.  From  the  walls 
of  the  anterior  portion  are  developed  the  cerehclhun  and  the  pons.  From 
those  of  the  posterior  porti<in,  the  medulla  oblongata. 

The  ultimate  sha[>u  of  the  hriiin,  however,  is  largely  determined  by  certain 
flexures  and  bv  the  growth  and  extension  of  the  axis-cylinders,  which  jiass  in 
various  directions  and  form  the  white  matter,  the  greater  hulk  of  the  central 
nervous  system.  The  first  flexure  is  beneath  the  mesencephalon  and  concave 
from  the  ventral  surface.  The  second  flexure  is  concave  dorsally,  and  is  just 
beneath  the  epencephalon.  The  third  grows  at  the  junction  of  the  iiieten- 
cepbalon  with  the  spinal  cord,  and  is  concave  ventrally.  Diflering  from 
the  cord,  the  growth  of  the  brain  exceeds  that  of  its  containing  bony  cap- 
sule. As  a  result  the  surface  of  the  heniisjihercs  is  usually  thrown  into 
folds.  The  earliest  of  these  appear  (luring  the  third  in(mth,and  are  usually 
transverse  to  the  axis  of  the  brain,  although  not  invariably.  The  lateral 
ventricles  at  this  stage  are  very  large,  and  the  sulci  project  into  their  cavi- 
ties as  ridges.  During  the  fourth  month  they  disappear,  with  the  exception 
of  three — the  Sylvian,  the  caliarine.  and  the  parieto-occipital  fissures.  The 
hippocampal  fissure  also  appears  about  this  time.  The  other  permanent 
sulci  appear  about  the  end  of  the  fifth  month,  the  earliest  being  the  fissure 
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of  Rolando  ;  but  manv  of  the  secondary  fisgures  do  not  deTelop  until  >fl 
birth. 

The  sympathetic  nervous  system  is  probably  only  an  offshoot  of  the 
central  nervous  "ivstem.  The  cells  first  ai)i>eur  upon  the  spinal  nerve?,  from 
which  they  wander,  remaining  connected  with  them  by  short  branehet, 
the  rami  comniunicantes.  Some  authorities,  however,  believe  thm  the 
8ymi)athetic  system  is  developed  from  the  mesoblast. 

Anatomy. — The  brain  consists  of  the  two  cerebral  hemiapherci*,  the 
baajil  >;an(;liu,  the  pons,  the  medulla,  and  the  cerebellum.  Its  weijiht  varies 
from  12(10  to  13(Mt  grama  in  the  adult  female,  and  from  13fK»  to  14W  gmuB 
in  the  adult  male.  It«  consistency  at  birth  is  verj"  soft ;  in  the  adult  it 
becomes  somewhat  firmer,  but  is  always  softer  than  the  normal  liver.  Its 
color  varies  from  crayish-white  in  the  parts  composed  of  mcdullute<l  fiber?. 
to  reildish-gray  in  those  composed  chiefly  of  ganglion-cells.  The  cerebml 
hcmisphere.s  are  two  large  symmetrical  masses  occujiying  the  greater  por- 
tion of  the  cranial  cavity;  they  are  separated  by  the  superior  longitudinal 
lissure,  ancl  united  by  the  corpus  callo.suni  and  the  anterior  commi&sure. 
They  arc  joined  to  the  pons  by  the  crura.  Their  surfaces  are  rendered  very 
irregular  liy  the  presence  of  numerous  fissures  or  sulci ;  and  are  divided  into 
the  frontal,  parietal,  occipital,  and  temporosphenoidal  regions.  The  impor- 
tant fi.s.sure»  are  the  iSylvian,  the  Uolandic,  and  the  parieto-occipitui  on  the 
external  surface;  the  calloso-marginal,  the  calcariue,  and  the  parish 
occipital  on  the  medium  surface. 

The  hemispheres  are  comjwised  essentially  of  an  outer  layer  of  gtl 
matter,  the  cortex,  containing  ganglion-cells,  and  of  filters  pas-sing  fn 
these  in  various  directions  and  uniting  them  with  other  parts  of  the  cent; 
nervous  system.  These  may  be  divide<i  into  three  main  classes:  the  //re- 
jertion-fibrm,  passing  between  the  cortex  and  the  basal  ganglia,  or  into  the 
internal  cafwule;  the  Irnruvernc  or  commi'nural  fibers,  passing  between  X*" 
hemi.spherea ;  and  the  Mforialinn-fibfm,  passing  between  different  areas  in  l' 
same  hemispliere.  The  most  important  clinically  of  the  projection-fibers! 
those  which  arise  in  the  motor  portion  of  the  cortex,  and  pass  first  iolj 
the  internal  capsule,  where  they  arc  grouped  about  the  knee,  tlience  thnuf' 
the  crusta  and  the  pons,  to  form  ultimately  the  pyramids  of  the  mediilu 
They  decussate  in  the  first  cervical  segment  of  the  cord  and  form  the  pyr 
idal  columns  of  the  cord.  The  fibers  of  the  ontic  railiution  coniraeoo 
in  the  cortex  about  the  calcarine  fissure  ami  in  tlie  cuncatc  lobe,  and  pa 
forward  to  the  pulviuar  of  the  optic  thalami.  They  are  al.so  aatooiaWi 
with  the  external  geniculate  body  and  the  anterior  corpus  quadrigeniiiiuftl 
From  the  pulviuar,  the  optic  tracts  jiass  around  the  crusta,  then  lie  Mo^J 
and  to  the  inner  side  of  the  internal  capsules,  and  unite  in  front  of  th 
tuber  cinereum  to  form  the  chiasm  from  which  the  optic  nerves  iiriJItj 
The  transverse  or  commissure-fibers  include  those  of  the  corpus  cflllo^nHj 
and  of  the  anterior  commissure.  The  fibers  in  the  corpus  callosum  appe 
to  correspond  closely  to  those  regions  of  the  brain  situated  nearest  to  thenij 
The  anterior  commi.ssure  is  composed  of  fibers  uniting  the  tenip(»rfwpli< 
noidal  lobes  of  the  two  hemispheres.  The  as.sociation-hbers  either  coiinoc 
adjacent  lobes  [fihnc  proprice),  or  unite  distant  portions  of  the  hemisplien 
(the  long  association-fibers).  The  most  important  of  the  latter  arc  ih 
superior,  interior,  and  anterior  association-bundles,  the  cingulum.  an<l  'I* 
fornix  ;  the  latter  is  a  group  of  arching  fibers  connecting  the  hipiKicanip' 
region  with  the  cor[>ora  albicantia. 

In  the  substance  of  each  hemisphere  are  found  the  lateral  vrnlfi 
cles:  Iwii  long,  narrow,  branching  cavities,  joined  to  the  third  vcntricf 
by  the  foramen  of  .Monro.  Each  contains  a  choroid  jilexus,  and  is  m* 
mally  lined  with  epithelium  and  contains  clear  cerebrospinal  fluid.  Th 
anterior  portion  of  the  two  ventricles  is  separated  by  the  septum.  A  «n« 
double  laver  of  epithelial  cells  line  and  almost  fill  the  cavity  of  the  I 
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ventricle.  The  basal  gftnglia  of  the  brain  are  tlie  lentirular  nucleua,  the 
caudate  nucleus,  forming  tojsetheT  tbe  forpus  striatum,  ami  lying  on  eitlier 
side  outside  of  the  internal  eapsules,  the  optic  tlialanius,  a  large  oval  mass 
lying  beneath  the  caudiite  nucleus.  Tiie  outer  portion  on  the  lenticular 
nucleus  is  ii3U.illy  known  as  tlie  pufanicn  ;  the  two  inner  flc<rnient3  are 
known  together  as  the  glolms  pallidus.  To  the  outer  aide  of  the 
putameu  is  a  band  of  white  fibers,  known  as  the  external  capsule,  that 
IB  separated  from  the  cortex  by  a  thin  layer  of  pigmented  celts,  the 
claustrum. 

I       The  third  ventricle  communicates  with  the  fourth  by  a  narrow  canal, 

•  tbea<]ueduet  of  Sylvius,  whicli  pa.-ises  through  the  tegmentum  of  the  crura. 
It  is  surrounded  by  a  zone  of  gray  matter,  in  which  arc  fouml  the  nuclei  of 
the  oculomotor  nerves.  Above  it  are  the  four  eoqiora  i|uailrigeniinu  ;  two 
pairs  of  rounded  eminences  witli  a  wiiitc  cortex  and  a  gray  center.  The 
superior  corpora,  a.s  has  been  already  stated,  are  intimately  connected  with 
tlie  optic  tract.  Just  anterior  to  tliese  bodies  is  the  small  pineal  gland,  a 
hyiMiphistic  median  eye  situated  above  the  posterior  commissure.  Exter- 
nally to  the  crusta  on  either  side,  continuous  with  the  posterior  porti<m  of 
the  thalamus,  are  the  two  geniculate  bodies,  separated  by  tlie  optic  tract, 
with  which  the  external  geniculate  body  is  chjsely  connected.  The  optic 
tbalanii  lie  on  either  side  of  the  third  ventricle,  and  just  beneath  the  cau- 
date nuclei;  they  are  oval  bodies  containing  numerous  groups  of  nerve- 
cells,  the  anterior  portion  being  called  the  anterior  tubercle,  and  the  pos- 
terior portion  the  jiulvinar. 

The  two  great  channels  by  which  fibers  pass  to  and  from  the  cerebrum 
are  the  crura  cerebri.  These  are  divided  by  a  narrow  layer  of  dark-gray 
material,  the  substantia  nigra,  couiiiosed  of  pigmented  ganglion-cells,  into 
the  crusta,  or  inferior  portion,  ana  the  tegmentum,  or  sujierior  portion. 
A  part  of  the  crusta  is  formed,  as  lias  already  been  stated,  by  the  pyram- 
idal tract.  Sensory  ncrve-libers  ;ire  found  in  two  groups  in  the  lepnicn- 
turn  toward  the  outer  edge,  comprising  the  inferior  and  su]ierior  fillets. 
These  fibers  divide  into  three  bands:  one  posses  into  the  superior  portion 
of  the  tegmentum,  and  .some  of  these  enter  the  posterior  portion  of  the 
interior  capsule;  another  band  pas.«es  to  the  anterior  corpora  quadrigeraina 
and  the  thalamus;  and  a  third  into  the  posterior  corpora  nuadrigemina, 
although  it  is  not  certain  that  all  the  fibers  are  thus  distributed. 

The  two  crura  unite  to  form  the  pons,  which  is  composed,  ven- 
trallv,  of  bundles  of  motor  libers  separated  by  the  commissural  fibers 
of  the  cerebellum,  and  dorsally,  partly  of  the  fibers  of  the  fillet  and  jmrtly 
of  gray  matter.  Below  the  pons  is  Ibuiid  the  medulla,  which  is  really  noth- 
ing but  the  upper  portion  fd"  the  spinal  cord.  Anteriorly  we  find  the  two 
well-defined  bundles  o(  motor  fibers,  the  ]iyramids;  just  itaek  of  these  the 
lower  olives;  and  on  the  dorsal  surface  the  nuclei  of  the  tenth  and  twelfth 
nerves,  and  externally  to  them  the  nucleus  gracilis  and  nucleus  cuneatus, 
the  terminations  respectively  of  the  columns  of  Goll  and  Biirdach  in  the 
cord.    The  axis-cylinders  of  the  cells  that  compose  tliese  nuclei  pass  toward 

I  the  brain  and  form  the  fillets.  On  the  outer  surface  of  the  medulla,  near 
the  dorsal  surface,  are  the  two  restiform  bodies,  the  continuations  of  the 
cerebellar  peduncles. 

The  cerebellum  is  composed  of  two  lobes  and  the  vermiform  process. 
Upon  cross-section  it  is  seen  to  be  composed  id"  a  great  number  of  narrow 
gyri   separated   bv   deep   ramifying   sulci,  each   convolution    being   lined 

'  externally  by  medullated  fibers,  beneath  which  is  a  layer  of  ganglion-cells 
enclosing  a  center  of  medullated  fibers.  It  is  united  to  the  cerebrum  by 
the  superior  peduncles,  which  terminate  in  the  nucleus  ruber  of  the  tegmen- 
tum. The  middle  peduncles  form  the  transverse  fibers  in  the  pons,  and 
the  inferior  peduncles  paiss  into  the  restiform  bodies  of  the  medulla.  Certain 
nuclei  are  found  in  the  interior  of  the  white  substance,  of  which  the  most 
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important  is  the  dentate  nucleus,  analogous  structurally  to  the  olives  oftbi! 
medulla. 

The  Neuron. — Histologically  the  e.isential  element  of  the  nervous  sys- 
tem i»  the  neuron.  This,  in  the  sense  of  Walilcyer,  comprises  the  ni-rve- 
cell,  it-s  protoplasmic  processes  (which  are  branched),  and  the  axi-'-cyliniJcr, 
which  may  he  a  single  fiber  giving  off  lateral  collaterals,  or  is  exteiisivfty 
branched  (Cfolgi  cells).  The  cell-body  consists  of  proto|ilasni  without  a  dis- 
tinct cell-wail,  and  containing  or  not  containing  cnromophilic  botJies.  Ac- 
coriling  to  NissI,  two  groups  of  cells  are  thus  formed,  the  somatochromes 
with,  and  the  caryochromes  without,  these  bodies.  According  to  zoologists 
thejie  are  respectively  motor  and  sensory  in  function,  but  the  cells  of  the  spinsi 
ganglia,  which  appear  to  be  sensory,  coritaiu  these  griintihitions.  CeUs  are 
spoken  of  as  multipolar  or  bipolar,  according  to  the  number  of  proces«e»  that 
project  from  them.  It  is  impossible  to  describe  in  this  ])lace  all  the  varieties 
of  cells  and  their  distribution  in  the  nerve-substance.  The  neurons  may  be 
divided  into  endogenic,  wholly  within  the  central  nervous  system,  and 
exogenic,  partly  in  the  peripheral  nervous  system.  Each  axis-cylinder 
termiuate4«  in  a  tuft  of  fibers  that  surround,  without  touching,  some  other 
ganglion-cell,  or,  if  it  extends  to  the  periphery,  terminates  in  a  special  sen- 
8orv  corpuxcle  rpr  a  niusclt'-|)latc. 

iPhysiology  of  the  Brain. — This  subject  can  be  touched  upon  only  very 
brietiy.  Tlio  bruin  is  tlie  organ  in  wliicFi  all  the  intellectual  processes  are 
performed,  but  it  is  as  yet  unknown  how  this  is  accomplished.  A  number 
of  theories  have  been  suggested,  but  none  of  them  are  based  U|ion  fact. 
We  are  better  informed  concerning  the  origin  of  certain  specific  motor  im- 
pul.ses  in  the  brain,  and  the  regions  where  stimuli  from  certain  of  the  special 
sen.se  organs  are  received.  The  motor  region  is  situate^l  in  the  two  gyri  on 
either  side  of  the  fissure  of  Rolando,  and  in  the  posterior  portions  of  the 
three  frontal  gyri.  In  general,  it  can  be  said  that  the  centers  are  arranged 
so  that  the  cells  sending  fibers  to  the  highest  i>ortioii  of  the  body — thuv  is, 
the  face,  eyes,  etc. — are  situated  in  the  lowest  portion  of  the  motor  region; 
and  the  cells  sending  impulses  to  the  lowest  portion  of  the  body — the  feet, 
for  instance — are  situated  in  the  highest  portion  of  the  motor  region  along 
the  superior  longitudinal  fissure.  This  region  has  been  mappe<i  nut  by  tbe 
aid  of  direct  observation,  not  only  upon  the  lower  animals  but  upon  humao 
beings.  Any  irritation  causes  movement  of  the  corresponding  imrtiipn  of 
the  body,  the  movement  being  of  a  co-ordinated  and  not  of  an  individual 
muscular  type ;  that  is  to  say,  the  stimulation  of  a  center  in  this  region 
causes  contraction  of  a  number  of  muscles,  with  the  object  of  accomplish- 
ing some  definite  movement.  The  fibers  of  the  motor  region  constitute  the 
pyramidal  tract,  whose  course  hiw  already  been  described.  Irritative 
lesions  of  the  motor  cortex  prixluce  convulsive  explosions,  clonic  in  tri>e, 
usually  described  as  epileptic.  If  the  lesions  are  sharply  circumscriwd, 
and  the  convulsions  occur  always  in  a  certain  definite  group  of  muscle*, 
the  epilepsy  is  spoken  of  as  .Tacksonian.  Destructive  lesions  cause  paralr- 
sia  of  a  spastic  type;  that  is  to  say,  the  lower  motor  neurons  evidently  suf- 
fice to  maintain  a  condition  of  contractility  in  the  muscles,  which  may  b« 
exalted  either  as  a  result  of  some  irritation  exerted  by  the  degenerated  cen- 
tral motor  neurons,  or  because,  under  normal  conditions,  the  central  motor 
neurons  exert  an  inhibitory  or  restraining  action.  We  are  still  in  ignor- 
ance concerninir  the  localization  "of  the  sensory  impulses.  The  effect  nf 
lesions  in  the  up[>cr  portion  of  the  parietal  lobe  in  producing  sensory  form* 
of  muscular  inco-ordination  has  leu  to  the  supposition  that  tlie  fibers  con- 
veying muscular  sense  terminate  in  this  region.  It  is  practically  certain 
that  the  great  majority  of  the  sensory  fibers  terminate  in  the  optic  ihnls- 
mu3,  from  which  other  fibers  proceed  to  the  cortex  ;  but  a.s  brain  phy*iiil- 
ogists  are  practically  agreed  that  all  the  active  intellectual  processe*  are 
accomplished  in  the  cortex,  it  is  supposed  that  the  thalamus  is  merely  a 
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situation  in  wliicli  nonie  alteration  or  mndificntion  of  the  iniputsOT  re- 
ceived from  the  jwriplu'ry  ocL'urs.  Regarding  llie  Mj>ecial  eeiisos,  the  visual 
impressions  tcrniiiiiile  in  the  oiincus.  The  auditory  centers  are  »ituatei]  in 
the  superior  temporoaphenoidal  convolutions,  and  the  destruction  of  these 
centers  produces  loes  of  understanding  of  sounds  heard — that  is  to  say, 
Benaory  aphasia.  The  centers  tor  olfaction  are  situated  in  tlie  uncinate 
gyri.  Irritjttion  of  these  regions  has  in  some  cases  apparently  given  rise  to 
aubjective  odors,  usually  disagreeable.  They  may  occur  as  the  aura;  of 
epileptic  attacks.  The  center  for  guatiition  has  not  been  located,  although 
it  is  probably  in  this  region.  The  functions  of  the  remaining  portions  of 
the  cortex  are  practically  unknown.     It  is  supposed  that  the  intellectual 

ftroceases  are  performed  chieHy  in  the  frontal  huies.  At  any  rate,  extensive 
esious  of  these  lobes  have  caused  alterations  i[i  character — loss  of  the 
faculty  of  attention,  more  or  le.ss  stupidity,  and  hebetude.  Occasionally 
ataxia  is  present.  The  relation  of  pathologic  processes  in  the  brain  to 
insanity   is  not  well  determined.     Lesions  have,  of  course,  been  found  in 

Earetic  dementia,  in  aiutc  delirium,  and  in  idiocy,  hut  examination  of  the 
rain  in  ca.sea  of  paranoia  and  melaiicholiu  has  been  practically  negative. 
The  functions  of  the  other  portions  of  the  brain  are  not  well  detcruiined. 
The  basal  ganglia  are  njiparently  merely  stations  in  the  ]mtha  of  the  fibers, 
chiefly  those  of  sensory  nature.  The  anterior  corpora  cjuadrigeniina  have 
something  to  do  with  the  libers  of  the  optic  tract,  and  in  them  is  probably 
situated  the  center  of  the  pupillary  reflex  to  light.  The  external  genicu- 
late ganglia  are  apparently  associated  with  the  fibers  conveying  auditory 
impressions.  The  pons  contains  the  ganglion-cells  of  the  peripheral  motor 
neurons  of  the  eye-muscles,  but  is  otherwise  merely  ft  pathway  for  various 
tracts  of  fibers.  The  medulla  contains  the  ganglion-cells  of  the  cranial 
nerves,  and,  in  addition,  all  the  tracts  of  fibers  pa.-(sing  between  the  brain 
and  cord.  The  functions  of  the  cerebellum  arc  not  well  known.  There  is 
no  doubt  that  it  has  something  to  do  with  equilibration,  but  the  lesions 
must  be  situated  either  in  the  vermis  or  bilaterally. 

Preserration  of  the  Brain  and  Cord. — After  the  brain  has  been 
removed  from  the  cranial  cavity  it  is  probably  best  to  place  it  at 
once  in  a  H)  per  cent,  solution  of  formalin.  The  formalin  should  be 
changed  at  intervals  of  three  or  four  days.  If  it  is  hardened  in  MUller's 
fluid,  deep  incisions  .should  be  made,  preferably  parallel  to  the  upper  sur- 
face of  toe  corpus  callosum,  after  the  removal  of  the  frontal  and  occip- 
ital lobes.  The  fluid  should  be  changed  at  the  end  of  the  first  hour,  then 
at  the  end  of  twelve  hours,  and  then  every  day  for  one  or  two  weeks.  If  it 
is  desired  to  examine  the  brain  at  once,  it  may  still  be  preserved  for  micro- 
scopic investigation  by  making  two  horizontal  incisions  through  the  cere- 
bral hemispheres,  parallel  to  the  upper  surface  of  the  corpus  callosum,  then 
cutting  into  the  lateral  ventricles.  If  a  hemorrhage  exist,  it  can  usually  be 
detected  by  the  presence  of  hlood  in  one  of  the  ventricles,  or  by  discolora- 
lions  of  the  floor.  The  most  important  part  of  the  brain,  for  the  purpose  of 
tracing  secondary  degeneration,  consists  of  the  stem,  socalleil — tliat  is,  the 
basal  ganglia,  the  crura,  the  pons,  and  medulla.  It  is  usual  to  make  serial 
sections  through  this  part,  which  may  be  removed  by  cutting  off  the  frontal 
lobes  at  the  knee  and  the  occipital  lobes  opposite  the  splenium,  and  then 
removing  the  temporal  portion  of  the  brain  by  s.tgittal  section  just  outside 
of  the  lateral  ventricles.  As  soon  as  the  cord  has  beeei  removed  the  dura 
mater  should  be  cut  on  both  sides  and  laid  hack.  It  is  usually  desirable  to 
remove  the  cord  fir.st,  as  by  this  means  a  horizontal  section  can  be  made 
through  one  of  the  upper  cervical  sejrments,  and  the  remainder  of  the  cord 
then  removed  with  the  brain.  In  this  manner  the  usual  oblique  incision, 
that  renders  the  upper  portion  usele.s.'*  for  microscopic  study,  is  avoided.  It 
is  unnecessary,  and  for  many  reasons  undesirable,  to  make  transverse  incis- 
ions through  the  cord  before  hardening,  even  if  MUller's  fluid  be  employed. 
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CONQENITAL  ABNORMALITIES. 

The  defurtnities  of  the  brain  are  numerous  and  complicate«l.  I 
Tliey  mav  be  divided  roughly  into  those  associated  with  altera-] 
tions  in  tfif  skull  and  those  occurring  within  the  cranial  cavit)-. 

Acrania  is  a  deformity  characterized  by  absence  of  the  s^kiill. 
Tlic  membranes  are  usually  preserved,  and  form  a  sac  filled  withj 
serum,  on  the  inner  surface  of  which  small  particles  of  nervou 
tissue  may  rtccasionally  be  found.     More  frequently  the  brain  formal 
only  a  small  mass  at  the  upper  portion  of  the  spinal  canal,  lying  oal 
the  basilar  pro<?ess  of  the  occipiUil  bone.     Sometimes  it  apjH?ars  asj 
if  the  sac  had  rupture<l,  or  had  never  completely  closed,  for  tin 
membranes  are  collapsed,  and  form  upon  the  Ihlbc  of  the  skull 
a  mass  consisting  of  fibrous  connective  tissue  and  blood-vessel 
Often  in  thi»  case  the  cncephalon  is  entirely  absent,  hut  the  pon 
and  medulla  may  be  almost  completely  developed.     The  cranii 
nerves  are  present, 

HemJcrania  is  a  condition  in  which  more  or  less  of  one  of 
the  jMirictal  bones,  (jr  of  a  portion  of  the  frontal  or  temjKjral  bone, 
has  failed  to  develop.  The  corresjxinding  portions  upou  the  oppo- 
site side  that  have  <ieveloptHl  are  usually  hypoplastic.  Onlinarily, 
anencephaly,  or  else  partial  development  of  the  brain,  is  associatiiJ 
witii  these  eliantrcs. 

Cranioschisis  is  the  name  applied  to  imperfect  closure  of  the 
skull  along  the  midtlle  line.  This  may  be  associated  with  rbn- 
chischisis,  in  which  ease  both  skull  and  spine  are  cleft.  The  com- 
monest situations  for  smidl  trssures  are  in  the  frontal  hone,  in  the 
region  of  the  posterior  fontanclle,  in  the  median  line  of  the  pt^ 
terior  portion  of  the  occipital  bone,  and,  more  nirely,  in  the  region  of 
the  anterior  fontanelle  or  the  sagittal  suture,  or  in  the  sphenoid  Ixmc. 

Fissures  or  other  small  defects  usually  occiision  hernia  of  tlie  J 
brain,  which  is  nametl  encephaloceh,  and  aeconling  to  its  sitimtioofl 
anterior  or  posterior,  frontal  or  occipital,  sujx?rior,  inferior,  it^ 
lateral.  If,  instead  of  in-iiiu-siibstance,  only  the  membranes  ['n>- 
trade  through  the  fissure,  the  eoniiition  is  known  as  meithiqocdi. 
In  tliese  ea.ses  the  cavity  is  tilled  with  cerebrospinal  fluid.  So^)^ 
times  the  under  surface  of  the  membrane  is  lined  with  De^^•olH 
tissue,  showing  that  it  represents  a  dilatation  of  one  of  the  pri- 
mary cavities  of  the  brain,  corresponding  to  the  condition  found  in 
spina  bifida.  These  congenital  heniiaj  are  probably  the  result  <J 
J'tta/  hydroccphahix,  altlutugh  it  is  possible  that  the  chief  caiis*  i* 
the  imperfect  develo|)ineiit  of  the  cranium.  In  ease.*  in  which  tbr 
fissure  is  in  the  sphenoid  hone,  it  is  not  uncommon  to  find,  ju  «t 
associated  cOnditi<m,  cleft  palate.  I^ife  is,  of  course,  inconiptiihif 
with  extensive  enccphalueele.  If  it  is  small,  the  neck  of  thf  ar 
is  sometimes  constricted,  cither  spontaneously  or  ns  a  rvsult  of 
surgical  interference,  and  recovery  ensues. 
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Cyclencephaly  is  a  pwuliar  deformity  in  which  there  is  fiiil- 

•  of  the  iintcrinr  con?!)™]  vesicle  to  develop.  The  frontal  lobes 
remain  I'used,  iind  a  riidimenUirv  eye  develops. 

Abnormalities  in  Size. — The  .size  of  the  brain  is  subject  to 
consideral de  variation. 

Macrocephaly  i.s  the  coiulition  in  which  the  brain  is  excessively 
larjre — that  is,  more  than  lOlK)  frni.  This  may  be  of  two  kinds. 
In  the  first,  and  perhaps  le.-is  common,  form  the  brain  is  entirely 
normal  in  structure,  the  proportion  between  the  various  parts  lieinp 
maintained  and  tlie  relation  between  the  nervous  tissue  and  the 
neuroj:lia  nivt  altered.  In  some  instances  the  .subjects  po.ssess  un- 
usual iutellif^ence  ;  in  otiiers  this  is  not  the  case.  The  second 
form  is  enlargement  of  the  hniin  with  hyperplasia  of  the  neurog- 
liar  tissue.  Tins  is  not  iufreipiently  foimd  iti  the  so-t^nllcd  hyper- 
trophic nodtiiitr  ///iottiti.  In  this  condilioii  tlie  brain  may  be  con- 
sidemidy  enlarj^ed,  and  the  convftbitious  may  be  inercused  in  size, 
aithon^l)  not  abnormal  in  arniiigement.  Microseropically,  the 
changes  descril)CHl  in  tlie  section  on  sclerosis  are  dis<'ovcred.  A 
pseudo-enlarfrement  of  the  brain  is  priMlueed  by  hydrocephalus. 
The  weight  of  the  brain,  after  the  litpdd  has  b<'cn  removed  from 
the  cavities,  is  usually  h'ss  than  normal,  although  this  is  not 
always  tlie  case. 

Hypertri>piiy  of  the  brain  may  be  limited  to  certain  pwrts. 
These  are  usually  individual  gyrl,  ami  are  nearly  always  sclerotic. 
Sometimes  only  a  pirtion  of  a  convolution  is  thus  afi'ected,  and 
produces  a  tumor-like  swelling.  IIy|)ertrophy  of  individual 
sections  of  the  iMiee])lialnn  docs  not  a|)pear  to  have  been  observed  ; 
that  is  to  say,  simple  enlargement  of  the  cerebellum,  or  of  one  of 
the  cerebral  hemispheres. 

Microcephaly  is  a  condition  in  which  the  brain  is  much  smaller 
than  normal,  as  a  result  of  defective  growth,  or  else  of  di.sease, 
either  in  early  life  or  later.  In  .s<mie  instances  the  brains,  aside 
from  their  small ness,  appear  jicrfeetly  norinid,  and  this  diminution 
in  size,  within  certain  limits,  is  not  in<'oinpatible  with  normal  in- 
telligence. Usually,  however,  there  arc  sclerosis  anfl  decrease  in 
size  of  some  of  th(>  gyri.  There  are,  of  course,  the  a.ssoctatt'd 
changes  usually   fboiitt   in  .sclerotic  conditions. 

Hypoplasia  of  individual  portions  of  the  brain  has  been  observed, 
p.'irtieiihirly  of  the  c(m']iiis  callosum,  the  <;ercbral  hemispheres,  and 
the  cercbeiliun. 

Hypo])lasia  of  the  crrrhral  hemUpkfres  is  usually  due  to  some 
pathologic  change,  and  will  be  discussed  under  sclerosis  and  jxiren- 
cephaly. 

\  The  congenital  ab.sence,  either  total  or  partial,  of  the  corpus 
fftUosum  has  been  observed  in  a  number  of  ca.scs.  It  may  occur 
in  brains  otherwise  normal,  but  is  usually  associated  with  micro- 
phaly  or  other  profound  structural  changes.     In  the  cases  in 
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whicli  no  otlier  K-sions  exist  the  intt-Uifjt'nce  may  bo  nortnal,  but 
in  the  great  majority  of  instances  the  juitients  are  idiots.  In  all 
cases,  however,  the  following  associated  alterations  have  bwn 
observed  :  absence  of  the  csillosivmarginal  sulcus,  division  of  the 
gyrus  fiirnicfttiis  by  p'rpendicular  fissures,  the  sjilitting  of  tlie 
fornix,  and,  in  certain  cases,  s^•conda^^•  clegcnerations.  The  tape- 
tum  is  usually  intact.  The  absence  of  the  transverse  fibers  in  the 
centrum  ovale  renders  the  sui^erior  longitudinal  fa-sciculus  wry 
distinct.  The  apjiearance  of  the  brain  is  quite  characteristic.  A* 
soon  as  it  is  removed  the  hemispheres  fall  widely  apart,  showing 
the  third  ventricle  <M)v<'rpd  with  a  deliciite  layer  of  pia  mater. 
The  inner  surfaces  of  lioth  lieinisplieres  are  divided  by  nuniewa* 
fissures,  and  app-ar  atypical.  When  only  a  portion  of  the  corpus 
callosum  is  aljsent  the  splenium  is  nearly  always  jiroservetl.  Id 
cases  of  marked  hydrocephalus  the  corpus  callosinn  is  extremely- 
thin,  and  may  be  torn  during  the  removal  of  the  bniin,  and  this 
may  possibly  be  mistaken  for  congenital  al)s<'nce.  A  careful  exam- 
ination, however,  will  usually  reveal  the  true  state  of  aifairs. 

Hypoplasia  of  the  cerebellum,  or  even  total  absence  of  one  or  both 
hemispheres,  has  been  occasionally  observed.  It  is  nearly  always 
associated  with  sclerosis.  A  collection  of  cerebrospinal  fluid  in  part 
supplies  the  place  of  the  absent  organ.  The  cerelielhun  may  Ik;  of 
normal  sha[»c,  and  even  micn)scopic;illy  show  no  changes  other  ihan 
diminution  in  size.  More  commonly,  however,  the  changes  are 
asymmetrical,  one  lobe  being  markedly  snuiller  than  the  other,  awl 
perhaps  rwUiced  even  tn  a  small  j)apilla.  There  arc  often  .sclerotic 
changes,  with  marked  atrophy  of  the  cortex  and  disiipjK-arance  of 
many  of  the  medullated  HIxts.  In  these  rases  the  cereljellum  is 
usually  of  ."iomewhat  firmer  consistency.  The  asswiate<l  changw 
are  dimintition  in  size  of  the  olivarj-  bodies;  in  the  unilateral  t-as**, 
of  that  u|>on  the  opjiosite  side ;  the  pons  and  medulla  are  usually 
smaller  than  normal,  and  in  the  former  the  ]>ynimidal  tracts,  on 
account  of  the  absence  of  the  transverse  fibers,  are  usually  com- 
pact and  distinct.  Sometimes  the  corpora  (juadrigenuna  are  alw 
altered,  but  this  is  not  invariably  the  case. 

Other  changes  of  unknown  significance  that  have  been  described 
are  abnormal  arrangement  of  the  convolutions.  Of  these  the  nift't 
important  is  the  j)resence  of  aniiectanl  f^i/ri  across  the  Rolantlii' 
fissure,  or  the  absence  of  annectant  gjri  in  the  jiarieto-tx-cinital 
fissure.  It  does  not  appear,  however,  although  the  claim  has  IxfD 
frefjuently  made,  that  these  changes  are  in  any  way  associattil 
with  intt'ilcctual  (iccidiarities.  Bundles  of  nerve-fibers,  taking  sn 
abnormal  course,  have  occasionally  been  found  in  the  pons  ii»u 
medulla.  These  seem  to  be  produce<l  by  premature  tleca'<sntii>n 
of  portions  of  the  pyramidal  tract,  and  are  of  no  cliniad  sig- 
nificance. 

Anencephaly,  or  total  absence  of  brain,  is  a  congenital  lesiou 
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u.«ufllly  associated  with  acrauia.  Sonu'timcs  it  is  atwofiatod  with 
total  absence  of  the  spinal  cord  ;  in  other  cases  a  portion  of  the 
|)ons,  nuHlulla,  and  the  cord  are  still  present,  althongli  much 
smaller  than  nornial.  The  enuiial  nerves  are  n.*ually  present,  and 
tlie  eves,  in  partieidar,  arc  nearly  always  jjerfeetly  devclopetl. 
Tlie  k'sion  is,  of  course,  in<'(jinpatihle  with  life,  althoiitrh  when 
the  medulla  is  present  a  few  respirations  may  take  place  after 
birth.  The  aj>ttcarance  of  the  monsters  is  very  chanicteriBtic. 
Frf>ni  the  orbital  ridfje  of  tlic  frontal  b(jne  the  sknlt  slopes  in 
almost  a  direi't  line  ti>  the  neck,  niakiiiff  the  face  and  eyes  un- 
usually prominent — the  so-called  frog-face.  Frequently  other 
deformities  are  also  present. 


POST-MORTEM    DEOENERATIVE  CONDITIONS. 


It  is  important  to  he  accpiainted  with  the  [Kist-ni<irteni  altera- 
tions tlmt  may  take  place  in  the  nervous  system,  in  order  to  avoid 
the  confusion  of  such  changes  with  those  tliat  have  occuiTcd  as 
the  result  of  disease.  Little  attention  has  been  paid  to  the  macro- 
scopic cimugcs,  and  they  are  n<jt  characteristic.  Their  degree 
depends  upon  the  temperature  at  wliich  the  liody  has  been  kept 
after  ileath,  the  nature  of  the  disease  that  preceiled  death,  and  the 
pi'rioil  that  elapsed  before  the  tissues  are  removed.  Ordinarily  no 
changes  will  be  noticed  uinlcr  tlilrty-six  liours  if  the  brwly  is 
kept  on  ice.  If  kept  at  a  temperature  of  about  16°  C.  (61°  F.), 
the  brain  and  cord  will  appear  normal  if  removed  within  twenty- 
four  hours.  There  is  first  softening  of  the  nervous  tissue,  that  is 
general  and  not  associated  with  jugmeutation  ;  the  tissues  may 
become  so  soft  that  it  is  almost  imjM)ssiblc  to  remove  them  with- 
out injury.  Later  thert^  is  ot'tcn  a  considerable  extravasation  of 
blootl-pigment  around  the  vessels  ;  and,  (inally,  if  putrefaction  is 
ativancetl,  the  tissues  become  almost  dilfluent  and  light  brown  in 
color. 

Lattdy,  Italian  authors  have  stuilied  methodically  the  micro- 
.sct)pie  changes.  The  nerve-cells  swell,  their  protoplasmic  processes 
break  off,  anti  there  is  a  gradual  loss  of  the  staining-jwwer  of  the 
chromatiii-biKlies  ;  vacuoles  appear  in  the  pnitoplasm  and  the  ont- 
line  of  the  cell  becomes  irregular;  and  finally  the  eliromatin-sub- 
stanee  completely  disjip]iears.  The  outlines  of  the  nucleus  become 
indistinct,  it  swells,  and  then  contracts,  with  irregularity  of  the 
outline.  It  stains  homiigeneously,  due  to  ditfusion  of  the  chro- 
matin, and  may  contain  small  granules  of  hyaline  material.  It 
is  ot'ten  placed  excentrieally  in  the  ceils.  Liiter  it  loses  its  stain- 
ing-jK)wer,  and  finally  disjippcars  completely.  The  nucleolus  is 
the  last  structure  to  show  alteration  ;  it  may  swell  slightly,  be- 
come filled  with  vacuoles,  and  then  i>reak  up  into  granular  mate- 
rial and  disappear.     The  protoplasmic  processes  do  not  exhibit 
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varicosities,  hut  apparently  become  more  fragile,  and  are  very  apt 
to  be  broken  off  during  staining.  Changes  may  take  place  in  the 
rayelin-sheaths  that,  when  studied  by  Marchi's  method,  are  not 
greatly  different  from  those  seen  in  areas  of  softening — that  is, 
small  fatty  granules  appear  along  the  course  of  the  ner^•e-fil)e^. 
In  post-mortem  lesions,  however,  there  is  no  jjerivascular  round- 
cell  infiltration ;  no  compound  gr.mular  cells  can  be  fouD<l  in  the 
tissue ;  there  are  no  signs  of  prf)liferation  in  the  neuroglia ;  and 
the  process  is  more  general  and  uniform  than  is  apt  to  be  the 
case  in  morbid  conditions. 


QENERAL  PATHOLOQIC   ANATOMY  OF  THE   NERVOUS 
SYSTEM. 

The  pathology  of  the  nervous  system  differs  from  that  of  the 
other  organs  of  the  Ixxly  chiefly  in  the  fact  that  the  special  stnict- 
iires  of  which  the  nervous  tissue  is  comjHised  have  no  close  anal- 
ogies to  tlie  epithelial  cells  and  connective  tissues.  It  is  desirablr, 
therefore,  to  discuss,  first,  the  genend  changes  occurring  in  tlie 
nerve-cells,  nerve-filjers,  and  the  neuroglia. 


The  Nerve-cell. 

Of  late  years,  considerable  progress  has  been  made  in  the 
elucidation  of  the  finer  pathologic  changes  that  occur  in  the  nerve^ 
cell.  On  account  of  their  characteristic  appearance  and  sharplv 
differentiated  structure,  the  cells  of  the  anterior  connia  of  tJie 
spinal  cord  have  been  most  carefully  studied,  and  it  is  necessary, 
therefore,  that  we  should  give  a  brief  description  of  their  anatomy. 
The  a|>pearancc  depcTids  largely  u|)on  the  methotl  of  staining  ejn- 
ploved.  By  the  Golgi  niethotl  the  cell  appears  as  an  irregular 
body,  from  which  come  a  number  of  thick  processes,  that  rapidly 
divide  and  subdivide,  until  they  apjK-ar  as  a  maze  of  indejKuilent 
delicate  branches,  ujwn  cither  side  of  which  can  be  seen  minute" 
projections,  the  so-called  gemmides  ;  from  one  ])ortion  of  this  cell 
a  fine  process  arises  that  is  of  nnifVimi  width,  the  neurnxon.  At 
regular  intervals  this  gives  off  the  so-called  collaterals,  delicate 
branches  that  spring  from  it  at  right  angles  and  have  a  differ- 
ent course.  By  this  meth(xl  other  ganglion-cells  in  the  nervoii* 
system  have  also  been  canfnlly  studied,  and  show  numcrmw 
variations  in  type,  the  most  iiiijwirtant  being  the  number  and 
complexity  of  tlie  j)rotoplasmic  processes,  and  the  division  nr 
even  excessive  branching  of  tlie  neuraxon.  The  n)orbid  chanjjcs 
that  can  be  obser\'ed  by  the  application  of  this  stain  are  but  few, 
since  it  appears  that  the  pathologic  cells  soon  lose  their  jMiwer 
of  impregnation.  Golgi  and,  in  this  country,  Berkley  have  made 
the  most  extensive  investigations  by  this  method.     It  must  lie 
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said,  however,  that  in  the  majority  of  instances  their  studie.*  were 
made  upon  tlie  pyramidal  cells  of  the  cerehral  cortex,  and  not 
those  of  tiie  anterior  coruna  of  the  curd. 

Recently,  Apathy  and  Betlie,  by  the  employment  of  certain 
exceedingly  complex  staining  methodi-,  have  claimed  to  have  dis- 
covered that  the  nerve-cells  are  really  nothing  lint  stations  in  the 
paths  of  certain  delicate  fibrilla,  called  the  neuro-fihrils,  that  pass 
from  one  cell  to  another,  not  lieing  limited  even  to  the  ganglion- 
cells,  Vjiit  alrio  passing  through  the  neuruglia-cells.  Tliey  there- 
fore believe,  and  Xissl  has  agreed  with  them,  that  these  fibrils 
are  the  real  functioning  elements  in  the  central  nervous  system, 
and  that  the  ganglion-cells  have  probably  only  some  nutritiTe 
influence. 

The  alterations  are  essentially  of  two  kinds :  first,  the  apj>par- 
ance  of  rariconitkn  upon  the  pnjtoplasmic  processes  in  their  thicker 
branches ;  second,  the  dUftjipmmnce  nf  the  ffcmmttlfn  from  the 
terminal  filaments.  Such  alterations  Golgi  has  seen  in  chorea, 
Nageotte  in  general  paresis,  and  Berkley  in  alcoholism  and  other 
forms  of  poisoning.  Sailer  has  found  very  marked  changes  of 
this  character  in  the  spinal  cords  of  guinea-pigs  killed  with  teta- 
nus-toxin, and  Steele  has  descrilicd  a  varicosity  upon  the  axis- 
cylinder  in  the  cortical  cell  in  an  animal  killed  by  diphtlieria- 
toxin.  Lenhossek  appears  to  regard  the  varicosities  of  the  proto- 
plasmic pnxiesses  as  the  result  of  an  accumulation  of  the  chromo- 
philic  boilies,  and  Kcilliker  states  that  they  are  merely  artefacts,  a 
view  held  by  most  zoologists.  Sailer '  has  found  very  character- 
istic changes  of  this  type  in  the  brain  of  a  guinea-pig  that  waa 
apparently  healthy  and  killed  for  histologic  ]>nrposes. 

In  ltS><5,  Nissl  described  a  metluxl  for  .staining  the  nerve-cella 
which,  on  account  of  it^  flirt'erentiation  of  the  structures  of  the 

Srotophism,  and  the  possitjility  that  by  it  cells  in  any  stjige  of 
egeneration  may  be  stained,  has  yielded  most  valuable  results. 
It  consists  essentially  of  staining  tissue,  hardened  in  alcohol,  by 
one  of  the  basic  anilin-stains,  such  as  thionin  or  methylene-blue. 
The  cells  of  the  anterior  cornua  show  the  irregular  outline  and 
the  numerous  protonlasmfc  processes  as  before.  Throughout  the 
protoplasm  are  small,  irregular  IjimIics,  sometimes  vacuolated,  that 
take  the  basic  stain  intensely.  Tiiey  are  arniiigi^l  somewhat  con- 
centrically arf>und  the  nucleus,  but  at  tlie  points  where  the  pro- 
toplasmic processes  come  off  become  spindle-shaped  and  turn 
into  them,  and  are  also  found  in  the  processes  us  spindles.  Be- 
tween these  bodies  the  cytoplasm  refuses  to  take  the  stain,  and 
is  called  the  aehromnftr.  nifhufdwr,  Nissl  and  some  others  be- 
lieve that  it  has  a  delicate  filjrillar  structure,  hut  this  has  not 
been  positively  determined.  A  cuiJ-shaped  iMU'tion  of  tlu'  proto- 
j>lasm  remains  clear,  aii<l  is  usifally  ratiier  sharply  delimited  from 

'  Verbiil  rummiinicnlion. 


re 


TEXT-BOOK  OF  PATHOLOOT. 


the  remainder  of  tlie  cell.  From  this  extends  a  long,  fajntljr 
staining,  undifferentiated  neuraxon.  The  nucleus  does  not  Atain, 
but  remains  as  a  clear  space  near  the  center  of  the  cell,  contam- 
ing  a  round,  deeply  staining,  and  usually  vacuolatetl  nucleolus, 
surrounded  hy  a  membrane  with  irregular  thickeniiijpi  (Fip.  349). 
It  has  been  claimetl  (Kronthal)  that  these  so-called  ehromopbilic 
bodies  do  not  exist  in  the  living  cell,  but  are  the  products  of  dis- 
integration. In  1893,  De  Quervain  laid  down  the  following  cri- 
teria by  which  he  recognized  pathologic  changes:  (a)  mo^iitication 
of  the  nucleus,  (6)  vacuolization  of  the  nucleolus,  (c)  <Hsapjiear- 
ance  of  the  nucleus,  ((/)  diminished  stain ingnrapacity,  (r)  swelling 
of  the  ganglion-cells,  (/)  fragmentation  of  the  protoplasmic  |>n>- 
cesses,  {g)  shrinking  of  the  cell,  (h)  vacuolixation  of  the  pn;il<>- 
plasm.  He  does  not  consider  enlargement  of  pericellular  space  as 
of  pathologic  significance,  even  when  mononuclear  leukocytes  are 
found  in  it.     It  must  be  confessed  that  these  criteria  arc  not 
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Flo.  iM9.— Normal  and  di'K>  m'"'*"   unti -iilU  <.!    Hit:  utilvrior  comu«  of  the  tplaal 

cord ;  x  600. 

entirely  adequate,  nearly  all  of  the  changes  described  depending 
in  j)art  u[H)n  the  length  of  time  between  death  and  the  fixa- 
tion of  the  ti.Hsue  and  upon  the  methods  of  prejiaration.  The 
course  of  the  pathologic  changes  appears  to  be  somewhat  as  fol- 
lows :  The  granules  become  first  very  irregular  in  distribution  on<l 
somewhat  finer,  so  that  the  concentric  arrangement  is  no  longt-r 
distinct.  They  may  then  diiniiiii^h  considerably  in  number,  so 
that  the  cell  as  a  whole  apjHars  very  much  jwler ;  finally,  the 
prot)>plasm  may  become  entirely  clear,  a  small  amount  of  Im-io- 
philic  substance  only  remaining  that  is  collected  in  irregular 
ma.s.<es  around  the  nucleus.  This  also  may  disappear,  and  the 
cell  remain  a.^  an  irregular,  faintly  and  difl^usely  stainetl  nm.'^  in 
the  midst  of  the  ti.ssue.  This  series  of  changes  is  by  no  meun« 
the  only  one  that  has  been  deseribetl.  Occasionally  the  chromo- 
philic  granules  seem  to  dissolve,  altiiough  their  capacity  for  stain- 
ing is  unimpaired,  resulting  in  deeply  an<l  difliisely  staining  cells 
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witlifnit  ;iiiy  iipiNiri'iit  striifturc,  excepting  the  vesirli>  in  the  situa- 
tion of  the  luifk'us  {  pi/krtomorjihoun  utak).  Nissl  rcgiircls  these  as 
artefncte!,  and  it  is  true  that  they  are  frequently  found  in  tissues 
supposed  to  be  healtliy.  It  mnst  not  In*  forgotten  that  they  are 
always  far  more  nuinertnis  in  diseased  tissues  or  in  tiie  neifihln)r- 
hcKxl  of  foeal  lesions.  I  liave  observed  sonu*  singularly  beautiful 
examples  of  this  change  in  tlu'  bniiu  of  a  guinea-pig  killed  by 
anthrax,  in  which  the  niiero-organisnis  were  found  in  the  nervous 
tissue.  The  .solution,  with  or  without  loss  of  staining-power,  eor- 
resjjonds  very  closely  to  the  C'hanges  observed  in  the  (chromatin  in 
karyolysis,  and  may  be  very  profx-rly  described  as  a  sort  of  chro- 
inolysis.  In  other  cases  ehnmjophilie  bodies  may  collect  in  diffuse, 
irregular  masses  in  one  or  more  parts  of  the  protoplasm,  a  change 
I  which  I  have  obserNed  in  the  spinal  cells  of  ca.scs  of  tetanus. 
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Flo.  3S0.— Degenerated  nerveeiiir.  in  mi'  laiKliln'rhiKxi  of  a  coUecUon  or  pus;  the  gran- 
ular appearance  U  due  to  an  excess  of  pi^ent ;  :<  (300  (caae  of  Lloyd  aod  Sailer). 

Still  another  form  is  the  coalescence  of  the  ehromophilic  bod- 
ies, i*r>  that  each  individual  one  appears  larger;  their  number  is 
less,  and  they  still  maintain  a  rather  regular  arrangenu'nt  in 
the  proto])lasni.  These  masses  may  then  further  coalesce,  giving 
rise  to  the  appearance  just  previously  described,  or  may  break  up, 
causing  a  uniform  granulation  of  the  cell,  or  they  may  disappear. 
Berger  has  attempti'd  to  explain  most  of  these  phenomena  by  snji- 
posing  that  the  ehromophilic  bodies  are  really  comjiosed  of  small 
granules  that  are  adherent  to  the  sifies  of  the  sjKiees  formed  by 
the  reticulum  of  the  protoplasm  of  the  cell.  If  these  spaces 
dilate,  the  granules  will  be  more  widely  separated  and  the  appear- 
ance will  be  that  of  diffuse  granulation.  If  they  contract,  as 
occurs  in  ca.ses  of  general  cellular  contraction,  the  so-called  in- 
.spissatiim  of  the  cell,  they  will  apjiear  darker  and  the  neighboring 
ones  may  seem  to  coalese*.  The  changes  in  the  reticulum  may 
be  local,  and  give  rise  to  local  alteration  in  the  arrangement 
(Fig.  ;3oO.) 
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Another  change  that  frequently  occurs  in  patholot;;io  cells  \s 
vacuolization.  It  is  possible  that  a  few  vacuoles  of  small  sizK 
may  be  the  result  of  the  hanlening  processes.  In  some  cases, 
however,  this  alteration  is  very  extensive,  the  vacuoles  reaching 
70  /i  in  diamet<:T.  They  appear  to  be  filled  with  a  lii|uid,  pf)ssi- 
bly  lymph,  that  may  iindcrp)  slight  coagulation-necrosis  ;  at  least 
fibrillie,  that  may  be  fibrin,  have  been  observed.  The  cells  often 
acquire  extraonlinary  apptuirances.  Indeed,  it  K>oks  as  if  tlie 
pericellular  space  was  enormously  dilate<l,  and  that  bands  of 
toplasm  extend  from  it  to  the  surrounding  neuroglia 
arrangement  of  the  vacuoles  is  always  excee<lingly  irregular,  anil 
if  more  than  one  is  present,  as  is  usually  the  case,  the  vacuolw 
vary  greatly  in  size. 

Sometimes,  insti-ad  f>f  the  vacuoles,  there  may  be  found  in  the 
cells  masses  of  some  substance  that  differs  from  the  protoplasm. 
These  are  usually  homogeneous  irregular  masses  that  take  the  acid 
stain, and  have  been  describetl  as  "colloid  "  in  nature,  using  the  won! 
in  the  sense  given  to  it  by  von  Recklinghausen.  The  tnie  nature 
of  this  change,  however,  is  not  very  clearly  understood.  Some- 
times the  vacuoles  appear  to  be  replaced  by  clefts  distributed  irr^ 
ularly  in  the  protoplasm. 

In  nearly  all  degenerated  cells  there  is  accumulation  of  a 
peculiar  cellular  pigment.  This  may  be  fatty  in  nature,  as  it 
stains  black  witii  osmic  acid.  In  some  cases  it  seems  to  increase 
pari  pn»Kii  with  tlie  disappearance  of  the  chromophilic  IxKlies,  s<p 
that  ultimately  the  cell  appears  as  an  irregular  mass  filled  \rilb 
thia  vellowish-brown  pigment.  It  occurs  normally  in  old  age,  is 
found  in  the  cells  of  the  substantia  nigra  of  the  crura,  is  an  almost 
invariaiik'accouijmniment  of  those  diseases  in  which  a  sort  of  early 
senility  ajipcars  to  occur,  such  as  general  tmralysis,  and  is  ran-iv 
found  iti  cells  undergoing  very  acute  aegeneration.  Anotli'T 
fttrm  of  pigment  giving  the  iron  reactions  occurs  iu  certain 
pathologic  states.  McCarthy  has  rejwrted  its  occurrence  iu  tbff 
brain  of  a  rabbit  killed  by  snake-venom. 

The  changes  of  the  nuclei  first  api)ear  in  the  nucleolus  ;  this, 
as  has  been  sjiid,  normally  contains  one  or  two  vacuoles.  In  di'- 
generative  processes  it  begins  to  swell,  and  more  vacuoles  develop, 
so  that  finally  it  presents  the  appearance  that  has  been  likenefl  liv 
Berger  to  the  morula  stage  of  the  ovum.  Ultimately,  ns  the  lif^ 
generation  progresses,  it  may  grow  fainter  and  disap|)oar  eiitin-ly. 
Clumps  of  chromatin  are  often  observed  at  the  jwriphery  of  tlw 
niiclcdhis,  and  dccasionully  ray-like  fibers  project  from  them  int" 
the  nucleus  ;  acces.-ory  nuclei  are  also  often  jiresent.  Two  or 
more  nucleoli  have  also  been  observed,  but  it  is  doubtful  if  this 
is  a  innrbi<i  change,  although  Berkeley  contends  that  it  is  un  in- 
Viiriable  sign  of  irritation. 

The  nucleus  itself  exhibits  a  variety  of  changes.     Stained  with 
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hematoxylin,  it  :»li(i\v.s  a  delicate  elirniiKitiu  reticulitin,  and  t!iis  may 
exliiltit,  in  tlie  iirdiiiarv  fiirms  of  defeneration,  eiiaii^es  tliat  are 
found  in  other  eellfi.  in  the  process  of  karyolysi!- ;  occasionally  tlie 
chromatin  eolleets  in  a  diffuse,  invpnlar  mass  alumt  the  nucleolus. 
In  various  forms  of  dejieneration  the  nucleus  seems  to  be  stimu- 
lated, and  shows  knr\'okiiietie  (i;riire.s,  or  may  even  divifle  eom- 
pletcly,  s<)  that  two  miclci  are  found  in  the  same  cell.  Tliis,  how- 
ever, is  not  necessarily  a  de};euerative  change,  because  similar  ap- 
pearances are  found  in  emhryonal  and  in  lacerated  nerve-tissue. 
Perhaps  the  most  important  nuclear  ehanj;e,  and  one  that  is 
most  certainly  pathologic  in  nature,  is  (he  dislocation  of  the 
nucleus.  It  may  be  found  at  the  jK-ripherv  of  the  cell,  or  even 
protnuling  from  it,  as  if  to  he  expelled,  ^^'agner  has  even  de- 
scribed nuclei  lying  outside  the  cells  without  nuclei ;  but  liorger 
suggests  that  in  these  cases  the  cells  have  become  excessively 
vacuolated,  and  that  the  nuclei  lie  among  the  vacuoles,  whose 
situation  at  the  peri|(herv  of  the  cell  causes  it  to  appear  smaller 
than  it  really  is.  I  liave  never  seen  nuclei  more  than  slightly  pro- 
truding from  degenerated  cells.  It  has  been  said  tliat  the  nucleus 
can  disappear  from  the  cell  when  it  does  not  present  marked  de- 
generative changes ;  it  must  be  remembered,  however,  that  the 
large  diameter  rtf  the  multij>olar  cell  renders  it  j)ossil)le  with  a 
gofKl  microtome  to  make  a  nuinlier  of  sections  thnnigh  a  single 
cell,  and  it  is  very  likely  that  these  conditions  are  due  simply  to 
sections  beyond  the  plane  of  the  nucleus.  In  the  most  advanced 
types  of  degeneration  the  nucleus  certainly  di.sappears  completely. 
Changes  may  also  take  place  in  the  cell  as  a  whole.  In  the 
process  of  degeneration  its  outline  usually  becomes  irregular  and 
angular.  The  cell  a[tpears  to  be  smaller,  and  often  the  pericellular 
space  is  very  obvious.  In  many  cases,  however,  this  is  an  arte- 
fact, proiluced  by  the  hardening  Huid,  and  although  it  may  be  also 
the  result  of  some  morbid  process,  it  is  impossible  to  give  it  any 
value  as  such.  In  the  early  stages  of  degeneration  the  proto- 
plasmic processes  may  be  unimpaired.  Varicosities,  such  aa 
shown  by  the  silver-impregnation,  are  rarely  observed  by  the 
NissI  method.  I  have,  however,  seen  them  in  the  nerve-t>ells  of 
the  cord  of  a  guinea-pig  killed  by  tetanus.  Tortuosity  of  the 
pnjtoplasmic  processes  is  very  common,  jKirticularly  in  chronic 
condition.s,  such  as  sclerosis.  It  is  im[Hissible  to  stain  the  terminal 
ends  by  the  Nissl  method,  and  the  changes  in  the  gemnudes  can- 
not therefore  be  recognized.  Sometimes  the  [>rocesses  become 
friable,  break  off,  and  disappear  completely,  leaving  the  cells 
with  a  rounded  outline.  Finally,  dislocation  in  the  arnuigement 
of  tlie  pyramidal  cells  of  the  cortex  has  been  observed,  particu- 
larly in  cases  of  sclerosis  of  the  brain,  and  it  is  probable  that  it 
occurs  in  all  parts  of  the  nervous  system,  although  when  the 
normal  arrangement  is  irregular,  it  is  impossible  to  estimate  its 
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extent.  Bergpr  lias  recently  called  attention  to  a  very  pecnUa 
appearance  wliich  may  occur  in  tlegcncratc<J  cells.  .S)nietinies  in 
the  portion  of  the  nucleu.s  opposite  the  nucleolus  there  is  a  small 

firojecii<»n  from  the  wall  whicli  pa-ses  inward  toward  the  nucle 
us,  but  before  it  reaches  it,  branches  into  three  or  four  annlj 
that  have  dilate<l  ends.  These  seem  to  encircle  the  nucleolus,  bu 
are  not  directly  in  contact  with  it.  He  is  unable  to  give  a  satis 
factory  explanation  nf  this  ap[)earance,  but  suggests  that  perhap 
it  represents  some  form  of  duct  conveying  the  secretion  of  tli^ 
nncleus  to  the  protoplasm  of  the  cell,  ordinarily  unstainable,  ba 
in  degenerated  conditions  filled  with  altered  fluid. 

The  fonctions  of  the  different  portions  of  the  nerve-cell  are  bu 
imperfectly  known.     The  neuraxon  conveys  impulses    from  tliL 
cells   to  the  periphery,  or  transfers  them  in  some  as  yet  incxplid 
cable  manner  in  a  variety  of  directions  along  the  collaterals.    Th 
cell-body  has  a  distinct  trophic  influence  over  the  neuraxon,  anj 
when  this  is  removed,  either  by  destruction  of  the  cell  or  by  th 
division  of  the  neuraxon,  the  peripheral   portion   of  the  latt<ai 
rapidly   degenerates.     On    the  other   hand,  the   experiments  ofl 
Goldscheider,  Flatean,  and  Nissl   have  shown   that  the  neura.\on 
exerts  at  least  a  temporary  influence   over  the  nerve-cell,  and 
when  it  is  destroyed  in  any  way,  pathologic  changes  invariably 
occur.     There  are  many  theories  concerniug  the  function  of  tlial 
nucleus,  but  no  more  is  really  known  about  it  in  the  ncr\'e-cell|l 
than  in  any  other  cell.     It   is  concerneil   in  active  division,  but] 
this  is  apparently  an  exceedingly  rare  occurrence.     The  protoplavl 
mic  processes  have  been  regarded  as  nutritive  or  as  centripetal 
organs.     Lenhossek  has  suggested  that  the  long  axis-cylinden 
that  convey  impulses  to  the  cells  t)f  the  spinal  ganglia  are  only  »j 
nuKllficd  prot*>plasmic  process.     If  this  is  so,  it  would  be  sufficient 
proof  that  they  have  an  active  function.     The  fact  that  the  axis- 
cylinders  of  other  cells  terminate  in  arborization   about  the  den- 
dritic processes,  the  cells  forming  the  next  link  in  the  cliain,  ii  < 
also  a  proof  that  even  tlie  short  dendrites  receive  impulses.    The| 
fact  that  a  single  particularly  thick  dendrite  may  almost  ahviiys 
be  observed  passing  to  the  nearest  bl<X)d-vessel  indicates  that  tiny 
possess   also    some   uutriti%'e    function,  and   that    their  extensive 
arboriz;ition  is  partly  for  the  pur|>ose  of  exposing  as  great  a  sur- 
face as  possible  to  the  nutritive  fluid  in  which  the  cell  is  bathed. 
Concerning  the  jiathologic  physiology  of  the  nerve-cells  we  have 
at  present  little   information,  although  certain  dclinite  clmng"':* 
have  been  described,  particularly  by  Hotlge,  in  cells  that  have 
been  exhausted  by  excessive  stimulation.     What  clianges  (x^wir  in 
the  cell   preceding  the  protluction  of  energy  have  not  yet  been 
determine*!. 

The  nerve-fibers  are  of  two  kinds,  the  meduUated  and  the 
non-medullate<I.    Xon-raeduUated  nerve-fibers  consist  of  tlie  axis- 
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tcylinder  alone.  They  are  found  in  tlie  oifaeton*  nerve  and  in  the 
ympath«'tic  nervous  system,  and  when  tliey  iindor^jo  dep?ncration 
exhibit  swelling  and  varicosities,  and  ultimately  hrejik  down  into  a 
gninnlar  detritus.  Nou-meditllated  nerve-fibers  may  alsio  be  pro- 
vided with  a  sheath,  tfie  neurilemma  ;  sueh  fibers  are  found  in 
some  of  the  eerebros|)iiial  nerves.  Medullated  nerve-fibers  may 
consist  only  of  the  myelin-substance  and  the  axis-cylinder — that 
19,  the  neurilemma  is  absent ;  sueh  fibers  are  found  in  the  central 
nerviuis  system.  Oixlinarily,  they  consist  of  the  neurilemma,  the 
myelin-substance,  and  the  axis-cylinder ;  such  fil)ers  arc  foimd  in 
the  central  nervous  system  and  in  tlie  peripheral  nerves.  These 
fibers  may  branch,  either  giving  off  collaterals  in  their  course,  or 
formrng  more  or  less  complex  aborizations  at  their  terminations. 
The  axis-cylinder  usually  exhibits  a  somewhat  fibrillar  structure. 
The  rayel in-material  resembles  fat  and  ha.s  a  high  refractive  in- 
dex. It  does  not  extend  the  whole  length  of  the  fibers,  but,  at 
rather  regular  intervals,  is  absent  (nodes  of  Ranvier).  These 
Ipointa  are  perhaps  for  the  purpose  of  providing  access  for  nutri- 
'ment  to  the  nerve-fiber.  Uixin  the  iimer  surface  of  the  neuri- 
lemma are  found  a  few  oval  nuclei  surrounded  by  protoplasm. 
The  flinction  of  the  nerve-fibers  is  comparatively  simple.  Im- 
pulses are  conveyed  by  the  axis-cylinder,  the  neurilemma  and  the 
myelin  substances  apjiarentty  serving  for  proteelion  and  jierbaps 
nutriment.  It  was  formerly  supposed  that  the  myelin  acted  aa 
an  insulating  material ;  but  the  fact  that  non-medullatcd  fibers 
exist  shows  that  in  some  cases  at  least  it  is  unnecessary  for  this 
purpose. 

The  earliest  symptom  of  degeneration  in  tlie  nerve-fibers  is  the 
appearance  of  granules  in  the  myelin-slieath.  Tbe.se  .soon  nin 
together  and  form  drfiplets  that  give  all  the  reactions  typical  of 
fat.  Such  a  fiber,  examined  microscojiically  in  longitudinal  sec- 
tion, exhibits  these  droplet.s  arnmged  irregtdarly  along  its  course, 
giving  rise  to  a  somewhat  beaded  appearance.  (Such  axis-cylin- 
ders mav  be  stained  by  osniic  acid  (Marchi's  method),  or  by 
Sudan  III.,  providing  the  tissue  has  not  been  hardened  in  alcohol.) 
The  next  change  is  usually  found  in  the  axis-cylinder.  This  may 
swell  and  become  extraordinarily  varicose,  ,so  that  indeed  it  loses 
all  resemblance  to  a  nerve-fiber.  Instead  of  being  fibrillar,  it  has 
an  irregular  granular  appearance,  and  may  cuntain  here  and  there 
minute  droplets  of  fat,  <ir  the  fiber  may  shrink  and  become  granu- 
lar, and  ultimately  disajtpear,  nothing  remaining  to  indicate  its 
previous  existence  excepting  a  mass  of  delicate  gramdar  detritus. 
r  These  changes  may  be  brought  alxiut,  either  by  the  destruction  of 
Ithe  ganglion-cell  from  which  the  axi.<j-cy Under  forming  the  fiber 
ari.ses ;  or  by  separation  of  the  fiber  from  its  gangli<in-cell ;  or  by 
injurious  agencies  acting  locally  ujion  the  nerve-fiber.  The  second 
form  of  degeneration — that  is,  taking  jilace  in  the  peripheral  por- 
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tion  of  the  cut  nerve — is  known  as  Wallerian.  < 
proximal  end  also  occur,  but  rarely  extend  further 
node  of  Ranvier.  When  a  nerve  has  been  divid 
change  is  found  on  either  side  of  the  point  of  div 
sists  in  fragmentation  of  the  myelin.  About  the 
droplets  appear  in  the  myelin  ;  there  is  some  swelli 
cylinder ;  and  often  proliferation  of  the  nuclei  in  t 
may  be  observed.  As  the  myelin  breaks  down  int 
tus,  it  is  gradually  absorbed  by  the  compound  granu 
appear  all  along  the  course  of  the  nerve-fiber,  and 
three  or  four  months  it  has  entirely  disappeared 
period  the  neuroglia  is  undei^oing  proliferation ;  at 
slight  increase  in  the  number  of  neuroglia-cells ; 
liferation  of  the  fibers  preponderates,  and,  finally,  t 
area  is  occupied  by  a  thick  mass  of  coarse  fiber 
undergo  slight  contraction.  The  proliferation  of  i 
about  the  time  that  the  fibers  have  become  com 
crated.  The  subsequent  proliferation,  if  any,  occ« 
neuroglia-fibers.  The  central  portion  of  the  separ 
after  a  long  interval,  also  degenerate ;  this  is  p 
functional  inactivity,  and  appears  to  be  more  of  tl 
atrophy.  Thus  in  amputations  that  have  occurre 
the  anterior  roots,  forming  the  nerves  that  supply 
limb,  become  smaller  and  contain  fewer  fibers,  an( 
mately  some  degeneration  in  the  ganglion-cells  c 
horns.  Regeneration  of  nervous  tissue  occurs  in  tb 
and  possibly  among  fislies  and  reptiles,  although  I 
certain.  Regeneration  of  nerve-fibers  in  the  peri 
system  occurs  in  all  the  higlier  animals,  including  r 
nerve-trunk  has  been  cut,  the  peripheral  ends  of  tl 
of  the  central  portion  of  the  nerve  become  swolle: 
into  very  tine  fibrillse.  These  grow  in  various  dir 
they  unite  with  the  distal  portion  of  the  nerve,  « 
skeleton,  and  one  of  them,  at  least,  will  grow  towart 
ultimately  forming  new  nerve-fibers.  These  change 
sen!«orv  and  motor  fibers.  (See  section  upon  the  i 
the  Peripheral  Nerves.) 

The   nenrog^lia  of  the  nervous   system   may 
undergo  softening,  the  former  change  producing  va 
ricicro^is  or  glio.sis.     Sclerosis  of  the  brain  may  be  e 
oinnnKorilHtl,  and  the  latter  is  again  subdivided 
tropliic  and  atrophic  forms. 

Dirf'uM'  .<(•/<  yvx<i.<  of  the  brain  never  involves  all 
To  a  cortaiu  extent  it  is  normal  in  old  age,  and  is  u 
ho  limited  to  the  most  suiK^rficial  {x>rtion  of  the 
tlie  pia.  or  else  to  tiie  layer  of  the  gray  substance 
wiiito  matter.     Tlio  iieni-oglia-tissue  in  either  situal 
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be  composed  of  mtlier  coarser  fibers  tlian  conimon,  eitlier  forming 
wavy  Ijartds  or  a  coarse  network.  Macrf)scopically  tlie  bmins 
exhibit  only  i*liplit  alteration.  The  eonsisteiU'V  may,  on  account 
of  otiicr  senile  chiuifrcs,  he  even  slifjhtly  reduced  ;  tlic  jrrf'.V  matter 
i.s  usually  uarniwer  than  normal ;  the  ]iia  mater  is  <;cnerally  (irmly 
adherent,  liut  nut  invariably.  This  condition  sometimes  occurs  in 
connection  with  other  diseases,  as  epilepsy,  or  may  be  congenital. 

Disseminated  xdcroaiit  is  sometimes  only  slight  in  extent.  It 
raav  occur  in  the  brains  of  epileptics,  of  criminals,  of  old  persons, 
ami  of  idiots.  The  small  sclerotic  foci  are  usually  foumi  at  the 
junction  of  the  gniy  and  white  matter,  more  particidarly  in  the 
former  than  in  the  latter.  The  nenroglia-tissiic  forms  a  coarse, 
irregular  network  ;  as  a  rule,  it  is  untisiially  vascular  and  without 
any  or  only  a  few  true  nervous  elements.  These  areas  may  be 
detected  by  the  naked  eye,  when  large  enough,  by  the  fact  that 
they  are  paler  than  the  surroimding  tissue  and  often  slightly 
sunken.  If  tiie  process  is  more  extensive  and  involves  the  whole 
thickness  of  one  or  more  gyri,  it  gives  rise  either  to  the  atrophic 
or  hypertrophic  form,  or  both  may  coexist  in  the  same  brain.  The 
external  apjK'arance  in  these  cases  is  characteristic,  and  cannot  be 
mistaken  for  any  other  process. 

In  the  atrophic  ftirni  the  gyri  are  reduced  perhaps  to  the  thick- 
ness of  a  lead-jM'tieil,  they  an;  pale,  firm,  slightly  graindar  ujxin  the 
surface  ami  the  pia  mater  may  be  slightly  aillieirnt ;  but  this  is 
not  common,  fiection  through  one  of  these  convolutions  shows 
that  the  cortex  is  considerably  thinner  and  has  a  tendency  to 
retract.  The  white  substance  is  also  involved,  but  apparently 
less  severely.  The  extent  of  the  process  is  very  variable, 
one  or  two  convolutions  only  being  affected,  or  perhaps,  as  in 
several  reported  cases  of  epilepsy,  only  the  cornua  ammonis. 
Sometimes  a  number  of  convolutions  are  affected,  and  in  the 
majority  of  these  cases  there  is  some  tendency  to  an  irregularly 
symmetrical  distribution.  Microscopically  these  lesions  show 
marked  hy[)erplasia  of  the  neuroglia-tissue — that  is,  increased 
number  t)f  ncurog[ia-cells  and  coarseness  of  the  nenroglia-fibers, 
which  form  coarser  meshes  than  usual.  Many  of  the  ueiiroglia- 
cells  are  swollen,  the  nuclei  are  enlarged,  pale,  and  the  out- 
lines of  the  cells  are  irregular.  In  some  cases  a  number  of  the 
cells  show  a  slight  prfijection  upon  one  side.  The  nervous  elements 
mav  appear  to  be  nuire  thickly  |)laced  and  somewhat  irregularly 
distributed,  and  the  protujilasmic  jirocesses  of  the  gjuiglinn-cells 
are  often  tortuous.  More  frcfpientty  they  are  considerably  dimin- 
ished in  niuubcr  or  else  entirely  absent.  The  myelinated  fibers 
are  always  decreased,  particularly  the  tangential  fibers  of  the  cor- 
tex. The  vessels  are  more  nimieroiis  than  usual  and  often  show 
wide  perivascular  sjiaces  filieil  with  libnius  tissue.  In  the  most 
advanced   areas,  however,  the  vessels   mav  be   entirely  absent. 
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Corpora  aniylacoa  or  kindred  prcKlucts  of  nerve-d 
soineliincs  found.  Ordinarily  the  neuroglia-fiben 
in  bands  just  beneath  the  pia.  Sometimes  tliej 
whorls.  These  changes  are  u.fually  found  in  epilq 
and  when  the  lesions  occur  in  the  motor  region 
ciatc<l  with  motor  disturbance.-?. 

In  the  hyjK^rtrophic  nodular  form,  the 
iLsually  somewhat  enlarged,  and  nodules  are 
cortex  that  project  from  the  .surfac*  and  are  much  1 
surrounding  substance.  The  larger  ones  are  often  j 
cated.  The  surface  of  these  nodules  is  often  granull 
.scopic  changes  are  similar  to  those  found  in  atrttphij 
the  exception  that  the  excess  of  neuroglia-tissue 

Eronounce<l.  In  these  brains  there  are  often 
eneath  the  ependyma  of  the  ventricles,  the  lai 
being  more  frequently  affected  than  the  third  or 
nodules  are  small,  ruund,  and  very  hard.  Micit 
are  found  to  consist  of  neuroglia-fibcrs  arranged 
concentric  manner.  They  may  be  va.scular  or  ei 
of  bhxKl-vessels,  and  sometimes  contain  chalky  del 
of  hyaloid  material.  .\s  in  all  destructive  lesiori 
nervous  system,  secondary  degenerations  may  occU 
far  less  common  than  would  be  susjiected  from  the  I 
of  tfio  degenerative  processes.  These  forms  of  con| 
proliably  cuiiinience  after  the  seventh  montii  of  fet 
as  Kundmt  has  pointed  out,  the  arnmgement  of  t| 
is  rarely  disturbed.  They  have  been  ascribed  to  | 
flammatory  change,  to  congestion  of  the  lymphatioj 
akin  to  tuiimr-formation.  The  al>sonce  of  round-<| 
and  the  fact  that  tlie  pia  is  nirely  adherent,  even  S{ 
sis  taki's  |)l;ice  in  the  most  superMcial  layers  of  titj 
seem  to  exclude  inHaiuinatory  causation.  Neurogli 
occurs  about  gumma,  but  there  is  no  ground  for  M 
other  forms  are  also  due  to  syphilis.  The  dilata^ 
vascular  spaces  is  favorable  to  the  theory  of  co| 
lymphatic  system.  This,  however,  is  probably  s^ 
no  ex]>lanatioM  for  this  proce.ss  to  say  it  belongs  to 
at  present  it  appears  impossible  to  give  a  more 
ology.  Softening  of  tile  neun>glia  is  a  j)art  of  t 
softening  in  the  brain,  which  are  described  in  <| 
thrombosis  and  embolism.  A  condition  that  is  po|{ 
of  softening  during  fetal  existence,  but  may  be 
formation,  and  consists  of  the  formation  of  cavil 
may  properly  be  described   iiere. 

Porencephaly  is  a  condition  character! 
a  greater  or  less  amount  of  the  substance  of 
cerebnd  hemispheres,  leading  to  the  formation 
ities  filled  with  cerebrospinal  fluid. 
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Etiology. — Tho  cause  of  jwifncoplialy  is  not  definitely  known. 
A:-  Voti  Kulildcn  remarks,  tlie  similarity  of  tlie  lesions  in  typical 
cases  is  such  that  it  seems  reasonable  to  accept  a  uniform  etiology. 
Kundrat  belicviKl  that  the  lesions  were  due  to  anemic  infarction, 
as  a  result  of  the  ocelnsiou  of  the  Sylvian  arteries.  Freund  also 
acci'pts  this  a.s  the  c«uso  in  a  certain  number  of  cases.  Von 
Kalilden,  however,  believes  that  it  is  the  result  of  some  disturl)- 
unee  in  a  development  of  the  bniin,  and  bases  his  opinion  u|K)n 
the  symmetry-  of  the  lesions  and  their  peculiar  situation.  Other 
authors  have  suji;gested  an  inflammatory  origin  of  the  pnxiess, 
luso  of  the  adhesions  between  the  membranes.  A  certain  num- 
[•r  of  cases  certainly  develop  after  birth  ;  these  may  be  due  to 
mjuri',  such  as  might  be  pro<Iuced  by  instrumental  ddiverA",  or  by 
blows  upon  the  skull,  or  by  emlxilicor  itiHammatory  pn)cesses.  It 
can  only  be  said,  however,  that  the  <'tiolc)gy  is  at  present  miknown. 
Pathologic  Anatomy. — Von  Kalilden  has  divided  the  eases 
iitherto  rejHjrtetl  into  two  classes ;  the  typiwd  and  the  atypical. 
The  former  class  comprises  al>out  two-thirtls  of  all  the  cases,  and 
u  characterizetl  by  tlie  presence  of  a  funnel-like  cavity  in  the 
jotor  region  of  the  brain,  usually  bilatenil,  although  unequal,  that 
(tends  from  the  subarachnoid  space  to  the  cavity  of  the  ventricle 
(Fig.  351).  Frecjuently  this  condition  is  as-sociated  with  imperfect 
development  or  cxjHisure  of  the  island  of  Keil.  In  the  atypical  form 
the  lesions  are  exc(t<liiigly  various  ;  they  may  be  found  in  any  part 
of  the  cerebral  hemispheres;  the  shape  of  the  cavity  may  be  cither 
shallow  depression  or  a  consideral)!e  loss  of  substance.     Often — 
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in  fact,  usually — there  is  no  communication  between  the  cavity  and 
the  ventricle.  These  varieties  may  even  Iw  found  in  the  cerebel- 
lum, and  perhaps  are  most  frequent  in  the  lateral  lobes  at  the  point 
Li»here  they  unite  with  the  vermiform   process.     Cases  have  also 
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been  recorded  with  cavity-formation  in  the  baseof  tlie  bmin,  eon 
niunieatiug  sometime:?  witii  one  of  the  horns  of  the  lateral  veiiti 
cles.     A  sort  of  cystic   fonnation   ha.s   been  dest^ribed,   in  wliifl 
mnltiple  cavities,  not  communicating  with  either  the  ventricle  i 
subarachnoid  space,  have  been  found  in  tiie  substance  of  the  brai 
The  macroscopic  changes  observed  in  the  typical  form  are  as  fol 
lows:  ordinarily  a  distinct  <lepression  is  noticed  in  the  ilnra  art 
the  skull  has  been  renK>ve<l.     When  this  region  is  moit-  careful 
examined  it  is  found  that  the  iluni  may  or  may  not  be  udher 
to  the  anichnoid  which  covers  the  cavity.     The  pia  usually  dij 
into  an<l  covers  the  wall,  and  may  be  continuous  with   the  ejteg 
dyma  of  the  ventricle.     The  adjacent  cfinvolutions  of  the  hniT 
are  arranged  in  a  somewhat  radiate  manner  an»l  turn  <lown  ir 
the  cavity,  althougli  this  is  not  invariably  the  cjL-ic,  for  they  snrad 
times  may  apjK'ar  as  if  simply  cut  otF,  being  otherwise    normal 
arranged.     Associated  changes  in  the  brain  are  microgyria  ;  i)r 
liferation  of  the  neuroglia-tissue,  and  perhaps  also  of  the  col^ 
nective  tissue;  atrophy  of  the  nerve-cells  in  the  cortex,  partii.il 
larly  of  the   large   pyramiilal   cells ;  and   more   or  les*!   compifti 
destruction  nf  the  nerve-fibers  in  the  region  adjacent  to  the  defi.-< 
Rarely  there  is  a  sort  of  cystic  degeneration  of  the  walls  of  tli 
cavity.     The  spinal   cx)rd    usually  exhibits  a   secondary  de^ 
emtion  in  the  pyramidal  columns ;  this,  however,  is  not  alway 
the  cnse.  for  sfjmetimis  it  appears  that  one  or  both   pyramid* 
colutuus  have  failed  entirely  to  develop,  giving  rise  to  a  conditiol 
of  micromyelia.     (Jtlier  parts  of  the  brain  appear  to  be  r.inlj 
atfi-cted  in  the  typical   form  of  the  condition.     When  the  lesinfl 
is  situated  in  any  other  part  than  the  central  region,  corresp<jndL 
secondary  degenerations  may,  of  course,  occur. 


THE  BLOOD-VESSELS. 

The  arteries  of  the  brain  may  be  divided  into  two  gtoaps,l 
those  nourisiiing  the  cortex  and  those  nourishing  the  biLsalgun-j 
glia.  The  former  are  the  ramifications  of  the  terminal  brancbrfj 
of  the  circle  of  Willis  ;  the  latter  arise  directly  from  the  main  V«- 1 
sels  of  the  base  of  the  brain. 

Atheroma. — The  changes  that  occur  in  the  arteries  arc  those 
ordinarily  occurring  in  the  vessels  of  the  other  parts  of  the  body, 
atheroma  of  the  arteries  of  the  base  of  the  brain  being  [»erliupt 
more  frequent  than  of  the  arteries  of  the  majority  of  other  oipiuj. 
These  atheromatous  changes  usually  lead  to  calcareous  infiltration, 
and  in  old  age  often  the  entire  circle  of  Willis  is  com[)osetlof 
typical  pi|)e-stera  arteries.  When  the  process  is  less  extensivi', 
the  calcareous  infiltration  is  most  apt  to  atieet  the  two  internul 
carotids,  (he  middle  cerebrals,  and  the  basilar  artery. 

Hyaline  degeneration  may  also  occur.    It  is  of  two  kind»: 
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that  which  forms  simply  the  early  stage  of  arterial  sclerosis,  and 
another  process  that  i.s  apparf  ntly  indepetulc-nt  of  this,  ami  o<-ours 
as  a  (litl'iisc  tl(?gt;nt'ratii>ii  of  tlie  intinui  ami  nunlia.  This  lutttT 
form  is  Avqiiently  fouml  in  the  brains  of  chronic  idiots  oven  dur- 
ing early  life.  Oceasionally  it  is  also  found  in  senile  brains,  hut 
in  these  cases  is  not  so  certainly  indepontlent  of  arterial  sclerosis. 
Amyloid  degeneration  of  the  hlood-vessels  may  oecnr  as  a  part  of 
general  amvloid  disease,  l)ut  is  not  especially  common  in  the  l)niin. 

Colloid  Degeneration. — A  mre  form  oi'  degcueratimi  has 
heeii  s[>oi;cn  of  as  colloid,  idth(ni<;h  tlie  material  discovered  in  the 
hiood-vesseJs  seems  more  akin  to  that  of  hyaline  degeneration.  In 
this  pnxK'ss  tlie  adventitia  antl  tiic  media  are  greatly  thickened  aa 
a  result  of  their  infiltnitiim  with  a  homogeneous  translucent  mate- 
rial, which  may  he  deposited  irrcgidarly  in  masses,  or  else  cause  a 
dirt'nse  thickening  of  the  wall.  'Die  masses  project  into  tlie  sur- 
rounding nervous  tis.sue,  and  may  sometimes  hi-  detachetl,  forming 
then  independent  clumps  that  an'  not  unlike  tlie  so-called  amyla- 
ceous bodies,  although  they  fail  to  give  all  the  characteristic  amy- 
loid reaetion.s.  This  condition  is  usually  associated  with  profound 
disturbances  of  tlie  intellect,  and  may  give  rise  to  clinical  symp- 
toms that  resendde  those  of  general  paresis.  A  case  of  this  nature 
has  been  reporte<l  by  Alsfheinier.  This  colloid  or  hyaloid  material 
is  soluble  in  boiling  water  and  in  alkaline  solutions.  It  .stains  a 
bright-red  by  Van  (Jiessen's  method,  and  usually  blue  by  Wei- 
gert's  fibriu-metlKMl.  Sometimes  it  .stains  brown  with  io<lin,  but 
not  invariably.  There  is  usually  extensive  degeneration  of  the 
nervous  element-s  which  may  be  associated  with  secondary  changes 
in  the  spinal  cord. 

Injury  followed  by  softening  of  the  brain  causes  eonsiderable 
thickening  of  the  walls  of  the  blo<Kl-vessels,  which  seems  to  be 
due  chiefly  to  jirolifenition  of  the  intima  ;  but  there  is  also  dis- 
tinct proliferation  of  ilie  mediij.  As  a  result,  the  lumen  is  con- 
siderably decreased.  These  changes  occur  in  all  the  blood-vessels 
throughout  the  atreete<l  area. 

SjTplliliS  frecpicntly  causes  thii-kniinff  of  the  intima  or  tnilnrtr- 
■itix,  which  may  be  ilue  either  to  the  usual  roiiiid-cell  infiltration 
or  to  the  I'ormation  of  fibrous  tissue.  Tuberculosi.s  may  iilso  cause 
endarlt'ritis.  This  form  is  most  frc(|uently  nssociaterl  with  tuber- 
cular nieniugitis,  and  therefiur  the  basilar  artery  is  the  one  most 
frequently  afli'cted. 

Aneurysms  may  occur  in  any  of  the  comjionents  of  the  circle 
of  Willis.  The  basilar  arterj'  is  the  ime  most  frc<]ncntly  involved, 
iLsually  just  at  its  posterior  e.xtrt'inity.  Large  aneurysms  of  the 
arteries  of  the  brjiin  ju-oper,  or  of  the  arteries  of  the  vertex,  are 
e.xeeedingly  rare,  A  saccular  ancnry.=m,  as  large  as  a  cherry, 
springing  from  the  anterior  communicating  artery,  was  observetl 
at  the  Philadelphia  Hospital.    Miliari/  aneuri/ifmg  oi'  the  brain  are, 
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on  account  of  tlioir  etiologic  relation  to  corebml  luniorrhagt-,  tlm 
most  important  form  of  vascular  tiiscuBe  in  the  brain  (Bee  Fig.  18:j), 
These  aneurysms  may  be  ectatic  or  saccular.     The  ectatic  forms 
are  usually  fusiform  in  shape,  and  ofWn  consist  of  htit  a  f-ingle  vat 
of  the  vessel -wall ;  that  is  to  sjiy,  they  are  merely  en<lotheliuni 
surrouiuled  by  a  thin  layer  of  filiroiis  tissue.     The  saccular  aneu- 
rysms are  usually  somewhat  larger  ;  they  appear  as  bullxjus  swell- 
ings on  one  side  of  the  vessel,  connecting  with  the  lumen  by  nar- 
row openings.    They  may  consist  of  a  .single  m  all,  as  in  the  fusifonn 
type,  the  most  common  variety,  or  of  the  intimn  or  adventitia,  with 
a  considerable  amount  of  fibrous  thickening.     Occasionally  the 
fusiform  aneurysms  may  exhibit  distinct  atheromatous  change,  iuit 
even  in  these  instances  the  media  is  atn)phie,  and  they  are  certainly 
exceptional.     It  is  doubtful  whether  arteriosclerosis  is  of  much 
jnnwrtance  in  connection  with  the  formation  of  these  aneurysm.s, 
and  it  is  certain  that  in  the  majority  of  cases  the  first  change  in 
the  vessel  is  a  fatty  <legcneration  of  the  media.    This  li-sids  to  local 
weakening  of  the  wall  and  to  consequent  distention — a  change  tliat 
is  favored  by  the  considerable  degree  of  pressure  to  which  tbe 
arteries  springing  from  the  middle  cerebnd  or  from  the  beginning 
of  the  basilar  artery  are  subjected.     According  to  stmie  authors, 
these  aneurysms  are  to  be  regarded  as  hernia?  of  the  intitna,  really 
the  resuh  of  atrophy  of  the  nniscularis,  nevertheless  they  are  more 
frequent  in  the  old,  and  eertiiinly  in  the  majority  of  ca.ses  in  which 
they  are  found,  the  tirteries  i)f  the  ba.se  are  distinctly  atheromatous. 
The  formation  of  thrombi  in  miliary  aneurysms  is  exceptional. 


CIRCULATORY  DISTURBANCES. 

Circulatory  disturbances  in  the  bniin  differ  from  those  in  ntlior 
parts  of  the  body  on  account  of  the  pri'sence  of  a  rigiil  bony  ni]*- 
sule  (the  skidl),  which  preventa  any  increase  or  decwase  in  ihi' 
size  of  the  contained  vi.scus.  Variations  in  the  quantity  of  blond, 
however,  do  take  pla(;e  iu  adults,  and  are  rendered  jH>ssible,  first, 
by  the  elasticity  of  the  nervous  substance  itself,  which  is  cjjpililc 
of  undergf>ing  a  slight  degree  of  comjiression  or  extension,  iiml. 
.second,  by  the  free  comnnuiication  of  the  subarachnoid  spaces  "f 
the  brain  and  cord  and  the  ventricular  cavities,  so  that  the  a'ff- 
brospinal  fluid  may  be  in  greater  or  less  quantity  in  the  cftvitjf 
of  the  skull  or  in  the  spinal  canal,  and  thus  jiermit  variation 
in  the  amoimt  of  blood  in  either  region.  Local  congestion  »' 
anemia  may  occur  as  a  result  of  local  disturbances,  but  the  In* 
anastomosis  of  the  arteries  of  the  circle  of  Willis  provides  .■*ui'h 
facility  in  equallizing  the  amount  of  bbxHl  flowing  to  the  different 
parts  of  the  brain,  that  neither  is  often  found  in  general  condi- 
tions. In  very  young  children  these  mechanical  restrictions  'lo 
not  obtain,  because  the  fibrous  union  between  the  bones  of  the 
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skull  permits  of  very  considerable  changes  in  the  size  of  the 
cranial  cavity. 

Acute  anemia  of  the  brain  may  occur  as  a  result  of  severe 

heniDrrluifre,  or  of  hyiHTcmia  in  otlirr  j«rf.s  of  the  l)o<lv,  particu- 
larly the  |)ulmnnary  ami  alulotiiitml  iirgan.s,  an<l  it  lias  betni  sup- 
posed to  exist  in  t'aiiitinf^,  during;  hystfrical  crises,  and  in  sleep. 
It  must  be  admitted,  howewr,  that  certain  proof  of  its  existence 
either  jis  a  cause  or  effect  of  the  thn-e  latter  conditiotis  is  lacking. 
Microscopically  the  brain  is  Lisually  jwle  and  firm.  Then'  is  little 
or  no  temlcney  on  the  part  of  the  small  venules  of  the  white  sub- 
stance to  bleed  u|H)n  cross-section,  and  the  gniv  matter  is  dis- 
tinctly pder,  so  that  the  distinction  between  it  and  the  medullary 
substance  is  not  so  distinct  as  is  the  case  in  normal  tissue.  Some- 
times in  these  cfuiditions  there  is  overfilling  of  the  veins  of  the 
pia  as  a  result  of  the  slirinkiri<;  of  the  Viniin,  The  changes  in  the 
fii nrt'iDiw  of  the  brain-tissne  ascribed  to  this  condition  are  partly 
irritative,  partly  [mralytie.     They  arc  very  indefinite. 

Chronic  anemia  of  the  brain  may  c>ccur  in  severe  cachectic 
condition.s,  such  a.s  progressive  peruiciiais  anemia,  lead- or  malarial 
poisoning.  It  may  also  be  the  result,  though  less  frcfjuently,  of 
atheroma  of  the  cereljral  arteries,  with  a  gener.d  narrowing  of 
their  luiuina.  The  brain  is  small,  the  consistency  varies  ai'i'urd- 
ing  to  the  dunition  ami  nature  of  the  process,  Iicing  at  first  hiird, 
later,  probably  as  a  residt  of  ilegenerative  changes,  slightly  softer 
than  normal.  The  ventricles  are  not  dilated  at  first,  but  the  con- 
volutions are  shrunken  and  the  stdci  are  wider  as  a  result  of  the 
diminution  in  size  of  the  brain  as  a  whole.  The  substance  of  the 
bniin  is  (mle,  and  (tftcn  seems  slightly  moister  than  normal.  I>ocal 
anemia  may  occur  as  a  result  of  thromliosis  or  embolism,  and 
usually  leads  to  softening. 

Active  hyperemia  of  the  brain  is  ucarly  always  iis.s<K!iated 
with  infiammatory  or  toxic  coiulitions.  It  is  perhaps  most  fre- 
quent in  as.sociation  with  meningitis  or  encephalitis,  it  is  always 
found  after  death  from  .sunstroke,  acute  delirium,  cholera,  and 
hydrophobia  ;  as  well  as,  occasionally,  after  death  from  infectious 
disease.     It  may  be  local  or  general. 

Local  hyperemia  is  usually  associated  with  meningitis,  and 
may  be  liniite<l  to  the  superh<'ial  layer  of  the  cortex  beneath  the 
meningitie  areas.  The  affected  p:irts  are  darker  than  normal  and 
may  even  contain  pimctiforui  hemorrhages.  Microscopically  the 
blood-vessels  are  found  to  be  dilatc«l,  and  there  is  more  or  less 
degeneration  of  the  adjacent  nerve-substance,  aceorditig  to  the 
duration  of  the  pr<K'ess.  Ijiwal  hy]H'rcmia  may  ali<<i  occur  after 
thrombosis,  and  lea<ls  to  red  softening  of  the  nerve-tis.-*ue. 

General  active  hyperemia  is  suppos<'d  to  be  as.so<-iiitcd  with  un- 
usual activity  of  the  mind,  particularly  prolongetl  and  intense 
^inental  effort.     Certain  proof  of  this,  however,  has  not  yet  been 
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fiirnmhcd.  The  brain  is  darker  and  larger  and  its  fonsisU-ncy 
sofler.  The  blotxl-vesHels  of  the  pia  are  injected.  The  gray  mal 
ter  is  darker  an(l,  as  in  the  Itx-al  t'omi,  may  contain  minute  henioi 
rhagic  fix^i.  The  white  matter  is  nioiht ;  its  color  is  rarely  altend 
but  as  soon  as  the  section  is  made  it  is  eovcri'd  with  nmall 
spots,  representing  hemorrhages  from  the  veins  and  capillarie 
These  may  be  readily  distinguishetl  from  interstitial  hemorrhages b; 
allowing  a  little  water  to  flow  over  the  surface  of  the  section,  wli 
they  will  disappear.  Microscopically,  aside  from  the  disientii 
of  tlie  vessels  with  lilooil,  priinoiuiced  degenerative  cliangt>s  a; 
rarely  foimd,  excepting  in  those  cases  R'sulting  fnjm  infcctioi 
diseases.  In  these  the  alterations  commonly  assfx-iated  w  jth  s<:vh: 
toxemia  are  present,  but  are  to  be  considere<l  as  coniplicationst,  a 
not  a.s  tlie  result  of  the  circulatory  disturbances. 

Occasionally,  in  acute  infectious  dii^eases  such  as  typhoid  fcv« 
a  condition  occurs  in  which  there  is  evidently  excessive  irritaiii 
of  the  central  substance,  manifested  by  symptoms  not  unlike  thua 
of  meningitis.  Post-mortem  in  these  cases  the  only  chaiijr 
found  are  hyperemia  of  the  brain.  Even  microseopicsilly  no  di 
tinct  inflammatory  lesions  cwn  be  discovered.  This  couditiou  hi 
been  teriued  inrn'mcjininns. 

Passive  hyperemia  may  In-  asstx'iated  witli  valvular  hca: 
disease  or  rlironic  lung-<lisease,  or  it  may  1h'  caused  bv  tumoral 
ill  tile  neck  pn-ssiug  ujxjii  the  jugidar  veins,  or  by  intracnuiiii 
cniiditiiins.     Of  the  latter,  the  most  important  are  brain-funm 
compressing  the  veins,  whilst  the  arteries  still  continue  to  con 
vey    blootl,   and   thus   cause    increase   of    the   cninial    eonten 
Wlicn   the  tumors  press  upon  the  veins  of  Galen    passive   hv|MT- 
emia  and  distention   of  the  ventricles  are   parti<-uiarly   coninion. 
Passive  liypercmia  may  also  be  caused  by  thrombosis  of  the  dura! 
sinuses.     In   acute  jiassive  congestion  the  veins  of  the  dura  iin; 
widely  distended ;    the  subarachnoid  space  is  moist ;    the  bmin 
seems  to  be  slightly  larger,  softer  and  moister  than  normal.    The 
gray  matter  is  of  a  slaty  color.     The  white  matter  may  have  a 
faint  bluish  tinge,  and  its  capillaries  and  ventrii^les  blow!  freely 
upon  cross-section.     The  ventricles  may  not  be  larger,  but  ap|)car 
to  contiiin  thiid  under  pressure,  that  wells  forth  when  they  are 
opened. 

Edema  of  the  brain  nearly  always  occurs  when  psissive  hyper- 
eiuia  persists.  This  is  characterized  by  the  distention  of  the  siil)- 
anu'iiuiiid  space  with  liijuid,  so  that  the  convolutions  are  no  loiip'r 
distinct,  ami  the  surface  of  the  brain  has  a  clear  or  jK-arly  ai)|X'ar- 
anee.  Tlic  arachnoid  is  usually  thicker,  particularly  along  the 
sulci.  The  fluid  is  clear,  or  perhaps  very  slightly  turbid  ;  it  has  a 
higher  sp-cific  gravity  than  the  cerebrtwpiual  liquid,  coagulates 
upon  boiling,  and  is  usually  found  to  contjiin  numerous  cellular 
elements        A   microscopic   examination    of  the   brain   and    its 
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membranes  shows  marked  distention  of  the  subanichnoiil  space, 
which  is  usually  ilivkled  into  irretjular  .■i|)acL's  by  delicate  fibrous 
bands.  Tiic  einlotliclial  cells  appear  to  liavo  uiHlurt^one  Bome  pro- 
liferation, and  in  many  plaeori  liave  desiinatiiatcd  anil  tie  free  in  the 
areolar  s[)aces.  Around  the  blowl-vessels  there  is  occasionally 
slight  extnivasation  of  round  cells,  which  are  usually  niononuck'ar 
and  resemble  lymphocytes,  and  indicate  an  inHamraatorv  reaction 
to  the  long-continued  pressure.  The  amclmoid  is  usixally  thicker, 
the  thickeniiifi  l)einfj  almost  exclusively  titirous  in  nature.  The 
pia  is  sli)^htly  thicker,  and  sometimes  may  be  seen  to  have  coalesced 
with  the  sujKTiieial  layer  of  the  cortex.  In  the  brain-substance 
the  perivascular  spaces  are  distended,  the  ueiirofi;liar  meshwork  is 
coarser  than  normal,  and  there  may  be  slight  evidences  of  degen- 
eration in  ihe  i^ells. 

Local  edema  of  the  brain,  the  fio-<'alled  apojilexia  gerom,  ia 
occasionally  fmnid  in  tlie  neiglilxirbood  of  areas  of  softening.  In 
cases  of  acute  hydrocephalus  this  sjtous  inliltration  sometimes 
occurs  in  the  neighboring  internal  capsules,  and  may  even  lead 
to  traasient  hemiplegia. 

Cerebral  hemorrhage  occurs  in  two  varieties :  the  so-called 
punctate  form,  and  massive  hemorrhage. 

Punctate  hemorrhages  are  due  to  sume  alteration  of  the  vessel- 
walls  or  of  the  degree  of  blood-]iressure,  clausing  extmvasiition 
of  blot)d  into  the  surrounding  tissues.  The  hemorrhages  are 
small,  often  microscopic,  and  an^  by  far  most  common  in  the  gray 
matter,  especially  in  the  cortex.  The  principal  causes  are  hy- 
peremia, particularly  if  associated  with  inflammattiry  conditions 
of  the  l>rain,  or  convulsions.  The  wall  of  the  blood-vessel  may 
l>e  diseased,  l)ut  diK-s  not  always  show  solution  of  continuity.  The 
bloo<l-pigment  is  more  or  less  altenn!,  acconling  to  the  length  of 
time  that  has  elapsed  between  the  occurrence  <if  the  hemorrhages 
and  the  examination  of  the  tissues.  The  nervous  tissue  immedi- 
ately involved  is  I'dr-iuntous,  and  there  is  usually  some  prolifera- 
tion of  ilie  tieiM'ogiia-ivlJs  in  the  vicinity.  Such  hemorrhages,  of 
coiir-^e.  may  ln'al  without  leaving  any  trace,  for  the  secowlary  de- 
generatiims  that  may  po.ssibly  be  caused  are  too  sliglit  to  be 
detected. 

Massive  hemorrhages  usually  occur  irom  the  branches  of  the 
middle  cerebnd  artery — that  is,  from  the  vessels  most  frefjuently 
the  seat  of  miliary  aueurj'sms.  They  may  also,  however,  riccur 
in  the  centrtmi  ovale  or  the  |)ons,  or,  in  fact,  in  almost  any  portion 
of  the  central  nervous  system.  The  IjUhmI  usually  collects  in  the 
form  of  an  irregular  dark-re<l  mass  that,  in  recent  cases,  rapidly 
becomes  bright  red  upon  exiwisure  to  the  air.  The  size  of  the 
hemorrhagic  area  naturally  varies  with  its  location  and  the  amount 
of  bliMiKl  extrava.sated.  Its  outline  is  exceeilingly  irregular,  and 
almost  always  small  separate  hemorrhagic  ft)ci  are  found  in  the 
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Burroiindinj^  tissue.  According  to  the  density  of  the  tissue,  the 
hlowi  is  more  or  less  dii«]xTse<l.  Thus,  in  tlio  white  matter  the 
extnivasiitiou  is  ui^nullv  iimre  diffuse  tlmn  in  the  gray,  where  heni- 
atoniatu  arc  exceedingly  apt  to  form.  The  stiijstauce  of  the  lirain 
is  soon  softeiio<l.  Its  structure  is  usually  entirely  lost,  allliotigh 
it  may  be  [Kjssihle  in  recent  ca.ses  to  recognize  the  presence  nf 
altered  cells  and  nerve-fibers.  The  neuroglia  usually  shares  iu 
this  softening ;  but  if  the  hemorrhage  is  not  extensive,  it  may 
remain  and  form  a  sort  of  skeleton  ;  the  tissue  then  is  not 
nearly  so  soft,  and  the  surface  upon  section  usually  is  smooth. 
If  the  hemorrhage  occurs  in  the  internal  c^npsule,  jis  is  usuallf 
the  case,  and  is  at  all  extensive,  the  blood  may  creep  inwani 
toward  the  ventricle,  into  which  it  may  rupture,  filling  liie 
lateral  ventricU;,  and  sometimes  extending  into  the  thin!  ventricle 
and  into  the  latentl  ventricle  on  the  other  side  (Fig.  352).     Oc- 


Fio.  S5Z— Hemorrhnee  Into  the  intrmiil  eapaule  and  the  caudiite  and  IcnUcuUr  BudfM 
of  the  right  cerebral  hemisphere  (fruiu  botllngvrj. 

casionally,  in  exceedingly  severe  cases,  almost  the  whole  of  on 
of  the  hemispheres  may  be  destroyed ;  this  is  usually  a-ssociat? 
with  sudden  death,  and   is  known  as  the  foudroyant  form  of  aj; 
plexy.    The  softened  l)rain-substancecan  usually  Ik;  readilv  \vush 
away   by  a  current  of    water,  leaving  the  blood-vessels,  whio 
should  then  be  examined  with  a  low  power  for  tiie  presencf 
mitii^^^•  aneuri'sms.     If  the  patient  survives  ills  first  attack,  n\pi< 
alterations  begin  to  take  place  in  the  diseased  tissue.     The  throm- 
bus contracts,  causing  e«lema  in  the  sunnunding  tissues.     A  <^p- 
sule  of  delicate  fibrous  tissue  may  even  be  formed  about  it.     Tlit 
small  hemorrhages  in  the  surrounding  tissue  are  absorbed.     Th 


color  of  the  softened  region  becomes  dark  brown,  and  it  may 
either  go  on  to  complete  iifjiiefaetion,  with  the  subsequent  absorp- 
tion of  thf  [litrincnt  and  the  fnrmation  of  a  eyst,  or  else  be  gradu- 
ally entirely  absorbed,  leaving  a  juginented  sear.  The  walls  of 
the  eysts  are  usually  disi:olore<l  liy  pigment,  and  in  the  neighbor- 
hood pigment-granules  and  comiKtinid  granular  cells  are  foimd  in 
great  nuiubers.  These  old  heniorrluigie  eysts  arc  verj'  ditfieult  to 
distinguish  from  those  produced  by  other  forms  of  softening. 
Otk'n  tile  eimtents  are  slightly  dist;nh>red,  the  walls  are  dense  and 
s<jmewhat  sclerotic  in  nature,  and  may  contain  crv'stals  of  hema- 
toidin.  It  is  somewhat  doubtful  whether  tiie  walls  are  comjiosed 
of  neurogliar  tis.sue  or  of  true  iibrous  connective  tis.sue  derivcil 
from  the  bliKxl-vesscls.  It  is  certain,  however,  that  shortly  after 
extravasation  of  the  blotxl,  hyperplasia  of  the  neuroglia  in  the 
immediate  vicinity  takes  place.  This  may  (tcciir  very  rapidly,  so 
that  in  the  <'"urfle  of  a  few  days  new  ncuroglia-fihery  may  be  seen 
pushing  their  way  into  the  hemorrliagie  area  fmm  the  collection 
of  neun>glia-cells  in  the  nearest  healthy  tissue.  After  healing  has 
tiiken  place  the  hemisphere  is  usually  nnluced  in  size.  This  re- 
duction is  not  merely  ecpiivalent  to  the  amount  of  nerve-tissue 
that  has  been  destroyed,  but  represents  also  the  secondary  ilegon- 
eration  that  occurs  in  the  nerve-fibers  whose  course  has  l)een  in- 
terrupted by  the  lesion.  This  is  both  ascending  aivd  descending, 
and  fretjuently  causes  .sclerosis  that  involves  not  only  the  brain, 
but  extends  throughout  the  pyramidal  columns. 

Pathologic  Physiology. — The  lUntarhonees  in  the  functioiiJt  of  the 
central  nervous  system  produced  In'  hemorrhage  are  among  the 
most   interesting  in   the  riomain  of  nervous  physiology.     At  the 

■  time  of  the  rupture  of  the  vessel  the  patient  almost  invariably 
becomes  suddenly  unconscious  and  falls,  the  face  is  flushed,  anil 
there  may  be  convulsive  movements.  This  is  termed  npoph'xif. 
The  jjcriod  of  unconsciousness  may  persist  for  a  longer  or  shorter 
interval,  according  to  the  amount  of  hemorrhage  that  has  taken 
place.  If  the  patient  recovers,  the  sidjsequcnt  changes  depend 
upon  the  situation  of  the   hemorrhage  and   the  extent  of  the  de- 

■  struction  of  nervous  tissue  that  has  taken  place.  As  will  readily 
be  seen  from  the  description  of  the  pyramidal  tract,  lesion  in  any 
part  of  it.s  course  above  the  first  cervical  segm<nit  produces  paralysis 
of  the  o|)p<)sitc  side  of  the  body  ;  if  aliove  the  middle  of  the  pons, 
paralysis  of  the  lower  portion  of  the  face  ou  (he  opposite  side  is 
also  ]>riMluced  ;  if  below  this  point,  jiaralysis  of  the  same  side. 
Monoplegias  are   likely    to  occur  if  otdy  a  small    portion  of  the 

t  fan-like  projection-fibers  of  the  pyramidal  tract  is  involved,  such 
as  would  be  pnwbiccfl  by  a  lesion  in  the  cortex  or  in  the  centrum 
ovale.  In  all  theM^  cases  only  the  superior  motor  neuron  is 
affected,  and  in  cnnseqitcnee,  either  because  some  inhibitory  in- 
fluence  is   removed   or   because   the    lower   motor   neurons   are 
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irritatod  by  tlie  jHDtlucts  of  defeneration,  a  condition  of  spasticity 
arises  in  the  museies.  Subsecjuentlv,  their  nutrition  is  inip!iire<l^^ 
iind  fiiey  eontract.  An  interesting  series  of  distiirbanees  is  pru-^| 
<bice<l  by  lesions  occurring  in  those  portions  of  the  cortex  that  ^^ 
have  to  do  witli  manifestations  of  speech,  either  receptive  or 
motor.  If  the  former  are  involved,  we  speak  of  it  as  amnesia; 
if  the  latter,  as  aphasia.  Lesions  of  the  optic  tract  posterior 
tlie  chiasm  canse  liemiaiiopsia. 

Secondary  Degeneration  after  Hemorrhages. — As  a  result  of  hem-^ 
orrliagc  into  the  l>niin-snbstanee  witli  dcstnietion  of  tissue,  setmnd' 
ary  (K'generations  ap|>ear,  whieli,  of  course,  are  sy.stemic  an<J  fol- 
low the  direction  in  which  tiie  nerve-tibers  convey  impulses.     Of 
these  the  most  important  are  the  <legenerations  of  the  pyramidal 
tract,  of  the  optic  tract,  and  of  the  projet^tion-fil>ers   from   the 
teraporo-sphenoid  lobes.     A  discustjion  of  this  subject   involves 
consideration  of  the  anatomy  nf  the  bniin  more  tlian  of  tlie  jwthol- 
ogy,  and  only  the  most  imjwrtant  fletails  can  Ije  given  here.     De- 
generation of  tlic  pymmulal  tract  may  be  sharply  circumscribed  if 
the  focal  lesion  is  situated  in  the  cortex  or  the  centrum  ovale.    la , 
this  case  a  slender  i>and  of  degenerated  fibers  may  be  traced  along 
the  pyramidal  tract.     This  is  only  possible,  however,  if  the  lesioa 
is  sufficiently  nreeut  to  permit  the  einjdoyment  of  Mandii's  stain- 
in^-uietiiod,  for  otiierwise  it  is    inijKissible  to  recognize  a  smal 
nunil)er  of  degenerate*!  fibers  in  the  midst  of  a  group  of  healtiiv 
ones.     As  the  hemorrhage  usually  takes  place  from  the  lenticuk>-j 
caudate  artery  and  involves  the  complete  destruction  of  the  pyram- 
idal Hbers  in  the  internal   aipsule,  it  not  unfre«juently  happens 
that  the  entire  pyramidal  column  of  one  side  undergoes  secondary 
degeneration.      Hoche,   who   has  recently  studied   two   cases  of 
cerebral  hemorrhage,  involving  complete  destruction  i>f  the  motor 
libers  on  one  side,  by  Marchi's  method,  has  found  a  rather  pe- 
culiar distribution  of  the  motor  fibers  in  the  crusta.     Dividing 
this  region  into  five  parts,  he  finds  that  the  two  median  sections 
an^  free  from  degenerated  fibers.     The  middle  section  is  alniiutt 
completely  degenerated,  and  there  is  also  an  area  of  degeneration 
in  the  median  part  of  tlie  fourth  section,  exteniliiig  partly  into  tiic 
fifth.     Degenerate*!  fibers  can  also  be  traced  going  to  the  nucleus 
facialis  of  the  opposite  and  the  same  sieles,  and  to  the  nucleus 
hypoglossus  of  both  sides.     There  were  also  degenerated  fibers  in 
the  lateral  pyramids  of  the  same  side.     Interruption  of  the  fiU-rs 
of  the  optic  radiation,  or  destruction  of  the  j)rinuiry  optic  centers, 
causes  secondary  degeneration  which  does  not,  however,  ap})ej»r  as 
promptly  as  in  tiie  motor  fibers.     There  is  degeneration   in  tbe 
external  geniculate  body,  in  the    pulvinar,  and   in   the   anterior  j 
corpus  quadrigeininus  of  the  same  side.     Ultimately,  degenera- 
tion may    also  oceur    in    the  optic    nerves.     Destruction  of   the 
second  and  third  temporal  lobes,  or  of  the  projection-fibers  aris- 1 
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mg  from  them,  causes  seuoiidary  ilegeneratioii  in  the  posterior 
limb  of  the  intenial  cjipsule.  The  filnTs  appear  to  extend  into 
the  thalanuis,  and  also  into  the  erusta.  Destrnetion  of  other  parts 
of  the  brain-eortex  eaiises  degenenition,  whieh  seems  to  affect 
chiefly  the  projection-filiers.  Extensive  hemorrhages  into  the 
cerebelhim  usually  tause  death,  as  a  result  of  pressure  ujion  the 
medulla.  If,  however,  the  patient  survives,  and  if  tlie  nucleus 
dentatus  is  particularly  involved,  there  is  degeneration  of  the 
superior  eeref»ellar  peduncle,  whicli  may  he  traced  as  liir  as  the  red 
nucleus  in  the  tegiut'utuni.  Degenenitions  have  been  produced 
experimentally  in  the  other  peduncles.  All  tlic.«e  secondary  de- 
genertitions  are  (piite  typical  in  character.  Tiiey  appear  about  the 
ninth  day,  the  first  elianges  being  the  degenenition  of  the  myelin- 
slieatii.  This  i.s  followed  by  the  appearance  of  compound  gran- 
ular cells  and  hyperjilasia  of  the  neuroglia,  and  later  corpora 
atnvlacca  may  sometimes  be  found.  ITItiuiatcly  notliing  but  tite 
ni'umgMa  remains,  and  tliis  is  cijmposed  of  <;oarser  tibers  than  are 
fotmd  in  normal  nervous  tissue.  Occa.sion;dly  nerve-fil)ers  without 
[nyelin-sheatlis  are  foinid  traversing  the  seh:rotie  tissue. 

Thrombosis  and  embolism  "f  the  vessels  of  the  brain  are 
due  to  causes  tliat  produce  the  .same  processes  in  otiier  parts  of  the 
bodv.  Thromljosi.s  may  occur  anywhere.  It  is  perhaps  more  I're- 
quent  in  the  basilar  artery  than  in  other  .situations,  but  this  ride 
is  by  no  means  certaitdy  estal)lished.  The  causes  are,  of  course, 
chiefly  atheroma  of  the  vessels  or  syphiiitii^  eiulart^Titis.  Kmbo- 
lism,  on  the  other  hand,  u.sually  occurs  in  the  artery  of  the  Sylvian 
fissure.  Perhaps  HO  per  cent,  of  all  cases  occur  in  this  situation. 
Less  frequently,  an  cndiolus  will  lodge  in  the  anterior  cerebnil, 
but  it  is  probalilv  extremely  nire  tor  an  endiolns  to  travel  along 
the  posterior  communicating  artery  anrl  bulge  in  the  posterior  cere- 
bnd.  A  more  frequent  route  of  embolism  into  the  latter  artery  is 
along  the  vertebrals  to  the  basilar.  Embolism  in  the  basilar  artery 
can,  of  course,  never  occur,  as  its  lumen  is  greater  than  that  of 
either  of  tiie  branches  from  which  it  receives  itloml.  A  .sjidrile-embo- 
lus  may  o<'casionally  lodge  at  its  bifurcation  and  give  rise  to  local 
thrombosis.  Sometimes  the  two  processes  occur  simuitan<'ously — 
that  is,  fragments  of  a  jiarietal  thrombus  in  one  of  the  vessels  may 
be  washed  ofi'  into  tlie  blood-stream  and  be  ciirried  along  the 
artery  until  they  occlude  its  lumen  or  that  of  one  of  its  branches. 
The  results  of  embolism  or  thrombosis  may  be  either  infarction,  or, 
if  the  obstruetion  takes  piac-e  slowly,  as  in  thrombosis,  and  it  is 
possible  for  a  eoilatend  circulation  to  be  esttddished,  there  may  be 
no  changes,  or  such  only  as  arc  temponiry. 

Infarction  of  the  brain  usually  leads  very  rapidly  to  cerebral 
.softening  {erwephfthntn/acin).  It  has  been  usual  to  descriljc  three 
forms  of  this — red,  yellow,  and  white  softening. 

The  functional  dLsturbance'sare  very  similar  to  those  of  hemor- 


I 


796 


TEXT-BOOK  OF  PATHOLOGY. 


rhagp.     As,  however,  the  h-sions  frtiiuently  <>ccur  very  elovrlt! 
the  Hiiddt'ii  sht>ck  may  not  occur,  ami  tlie  paralysis  may  supervf 
without  any  jxriofl  of  unoonsciousnesa. 

Red   softening   corrcspontls   very  closely  to   the    hemorrhu 
infarct.     It  consists  of  a  serous  infiltration  of  the  tissue,  the  ej 
travasateil  li(|ui<l  containing  numerous  re<l  corpuscles.     The 
tlieories  that  have  been  suggested  for  the  explanation  of  a  heina 
rhagic  infarct  have  been  used  to  cx])lain  its  occurrence. 

Yellow  softening   is   rcjilly  only  the  red  softening  after   ma 
corai)lete  liipiefiiction   lias  taken  place  and  most  of  the  pigined 
hiLs  l)eeu  absorlicd. 

White    softening    is    a    term    appliixl    to    two    very    differvtit 
conditions.      The    first    con-esponds    to   the   anemic    infarct,  and 
a|)pe!irs  very  shortly  alYer   the   occhisions  of  the  vessels.     Th 
second  is  a  late  stage  of  any  form  of  softening,  and  is  chaniete 
ized  ijy  the  formation  of  an  excessive  amount  of  fat  in  the  sot\en« 
area,  produciin;  an  emulsion.    Tlie  white  color  becomes  even  moa 
pronounced  after  tlie  fat  lias  been  absorbe<l,  and  the  lesion   is  re| 
resentetl    only   by  coarse    neuroglia-fibers.      Macros<?opienlly    to 
earliest  changes  usually  afijK'ar  toward  the  end  of  the  (irst  twent_ 
four  iiours.     'I'he  bniiu-substance  in  tiie  .s<tttened  area  is  swoliei^ 
softer,  and  somewhat  mottled  in  ajjiutarance  and  may  even  exhibit 
small  piuictiftu'm  hemorrhages.     The  lesion  is  not  .sharply  delim- 
ited, but  fades  gnidually  into  the  surrounding  tissues. 

If  a  large  artery  lias  Ijei-n  obstructed,  a  considerable  |jortion  i>f 
the  bniin  may  be  softened  and  there  will  be  a  large  extravassitioo 
of  IjUhxI.  In  this  case,  the  jwrts  of  the  brain  showing  the  gn-afe 
est  altcnition  are  those  nearest  tiie  jMfripher)-  of  the  distributio 
of  the  obstructed  vessel,  and  these  changes  may  even  occur  with 
out  eoiiqiletc  oiistriiction  if  the  geuenil  circulation  is  immireil, ; 
in  valvular  heart-disease,  or  as  a  result  of  profound  geiier 
anemia.  As  the  priK-ess  continues,  more  and  more  blood  is  eX'^ 
travasatcd  into  the  tissue,  giving  it  a  bright-red  apjiearanee.  Th 
lesion  by  this  time  becomes  more  circumscribed,  although  the  sur 
rounding  tissue  may  be  somewhat  softened,  and,  as  in  the  c^ase  of 
licNKirrliage,  may  contain  punctifbrm  hemorrhages.  As  s<K»n 
the  demarcation  is  eoni]dete,  the  iirain-tissue  becomes  nipirlli' 
softer,  probably  as  a  result  of  the  obstruction  of  the  lymph-elian- 
nels  by  which  the  nutritive  fluids  enter.  The  nerve-eells  under 
almost  complete  degeneration  ;  they  lose  their  axis-cylinders  awl 
tlieir  tinctiibilitv,  and  may  eitlier  disapjH^ar  completely  or  be  no 
longer  recognizable.  The  myeliu-slieaths  undergo  a  fatty  drgeii-j 
eration,  in  which  the  nerve-libers  soon  take  jmrt.  The  whol« 
tissue  is  filled  with  comp<iHnd  granular  cells.  The  neun>glii 
fibers  may  also  become  softened  and,  to  a  large  extent,  liuuetii'J 
altiiougli  they  persist  longer  than  the  other  elements.  Tne  wa 
of  what  has  now  become  a  cyst  is  comjwsed  of  the  surroundin 
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nourngliar  tissue,  newly  foniuHl  pnpillarits,  iiiiil  nervous  tissue  in 
an  lulvanewl  stajje  of  (lejicnenition.  Tlie  lilooil-vesscls,  liowcver, 
usually  persist  for  some  tiiiu',  altliuujrli  tliey  are  filled  witli  thrombi 
and  torni  an  irrej^jnlar  spouiry  iiet\vf»rk  in  tli<'  li*ion. 

Wlien  orpinization  cuninK-nees  the  l)lood-]ii}j;rneiit  gnidiuilly 
disap|K'ars,  and  tlie  material  rliaiip's  frDtii  a  hrtiwnisli,  tiirljid  fluid 
to  a  lighter  yellow  mass,  often  irregularly  surrounded  by  deeply 
pigmented  cells.  Later,  eomplete  eontmetion  takes  plaee,  and  a 
sear,  eoniposed  chiefly  of  nciiroglia-tissue,  Init  also  containinfi;  some 
fihroii-;  ronneetive  tissue  that  lias  developed  from  the  walls  fif  the 
bloixi-vessels,  is  k>ft.  It  is,  of  eoursc,  clear,  that  red  softeninij  is 
more  fretjuent  in  the  vaseular  parts  of  the  braiu,  and  white  soften- 
ing in  those  regions  that  ai-e  poorly  supplied  with  Idoixl,  partieu- 
larly  in  the  white  substance  of  the  eerchruni.  The  ureas  are  nirely 
as  well  cirenmst^ribed  as  those  of  rwl  std'teniiig,  and  often  <lo  not 
It^ad  to  complete  (h'struetion  ol'  the  tissue,  causing  only  numerous 
adjacent  minute  foea!  lesions,  the  si>-ealled  I'faf  vriUi'. 

A  peculiar  tortii  of  solteuing  occurs  in  the  cort<'X  of  the  liniin. 
It  is  usually  found  as  lesions  that  liave  existed  for  S(jme  time. 
The  area  is  yellow,  depressed,  and  somewhat  circumstTibed.  The 
pia  mater  over  and  around  the  lesion  is  somewhat  thickened,  and 
otYcn  the  surrounding  blood-vess<'ls  show  thickening  of  the  walls, 
although  this  latter  change  is  probably  the  cause  and  not  the  result 
of  the  changes.  These  are  the  so-called  jtlaiitirxjiiiiiut!  of  French 
writers,  and  if  extensive  they  lead  to  considerable  retraction  of 
the  bniin-snbstance  and  to  the  formation  of  collections  of  liipiid 

the  subarachnoid   space   {hi/dropK  ex  vacuo;    external   hydro~ 

Areas  of  softening,  pnilialdy  due  to  capillary  thrombosis,  are 
frefpiently  finind  in  children  suH'cring  from  tulicrcular  meningitis. 
They  may  also  wcur  in  other  forms  of  meiungitis,  and  also  in 
encephalitis,  although  in  these  latter  conditions  the  presence  of 
pyogenic  micnujrganisms  in  the  endjoli  lead  tt)  somewhat  difi'er- 
ent  changes,  which  will  be  descrilted  in  connection  with  enceph- 
alitis, imumatism  may  also  cause  softening,  often  multiple  in 
character,  anri  not  neccss;irily  situated  directly  beneath  the  puint  of 
injury.  As  a  result  of  the  destruction  of  tissue,  secondary  degen- 
erations occur  that  difler  in  no  res|M'ct  from  those  following  hem- 
orrhage. 

INFLAMMATION. 

Encephalitis,  or  inflammation  of  the  brain-stihstance, 

Ls  probably  not  essentially  ditferent  fnim  inflamuuition  of  the  otlier 
tissues  in  the  Ixxly.  The  nature  of  nervous  tissue,  however,  and 
the  peculiar  reaction  that  it  nuinifests  to  various  injurious  agencies, 
render  this  subject  one  of  the  most  doubtful  and  difficult  in  the 
pathology  of  the  central  nervous  system.     The  various  forms  may 
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be  clas.sifiod,  first,  as  acute  and  clironic.  The  important  forms 
acute  enccplialiti.s  are  the  pannehyinalous,  the  simple,  the 
rhajjiP,  and  the  siippiirativo.  Chronic  encephalitis  may  take  the 
form  either  of  sclerosis  or  of  scar-formation,  which  is  really  onlv 
a  modification  of  the  former.  Acute  encephalitis  may  be  consicf- 
ercd  to  be  invariably  disseminated  or  focal.  No  case  ha.s  been  n,-- 
conlcil  in  wiiich  there  was  e.ictensive  inHammatory  chan|(:e  in  the 
brain,  and  it  is  inconceivable  that  such  a  condition  should  be  com- 
patible with  life. 

Acute  parenchymatous  encephalitia  is  rather  a  form  of  degt' 
eration  than  a  disease.  Chanires  in  the  nerve-cells  without  ass- 
ate<I  viiscular  phenomena  have,  in  the  last  few  years,  been  obscn- 
and  described  in  a  number  of  intoxications,  either  the  result  of 
poisoning;  or  infection  ;  thus  Berkeley  has  carefully  studied  tl 
changes  in  the  brain  in  alcoholic  poisoninp.  More  or  less  extei 
sive  changes  have  also  been  recordi'd  as  a  result  of  poisoning  b; 
mulon  nitrite,  arsenic,  and  other  jK)isonnus  substances.  Of  ilie 
infectious  diseases  tiiat  have  been  studied,  tiic  most  important  iin- 
diphtheria,  tetanus,  lepro.sy,  and  hydrophobia.  The  changes  dilJVr 
somewhat  in  nature,  and,  of  course,  in  the  different  cases,  consid- 
erably in  degree.  The  most  important  and  typical  have  beei 
already  described  in  the  section  ujnin  degeneration  of  the  ner\"( 
cells.  These  forms  of  enecpiuilitis,  if  the  name  may  properlv  Ik* 
applie<l  to  them,  may  lead  to  death,  but  recovery-  even  from  the 
advanced  stages  is  not  imjunssible,  as  has  been  indisputablv  prtjv 
by  the  experimental  research  of  Goldscheider  and  Flatau.  ^citi 
the  brain  nor  the  coixl  in  these  cases  exhibits  anv  niacroscopn. 
changes,  excepting,  perhajw,  passive  congestion  of  the  membnin(4 
when  ilejitii  was  preceded  by  violent  convulsions,  us  in  tetanus. 

Simple  acute  focal  encephalitis  is  characterizetl  by  the  <U-vel(ip- 
ment,  in  various  pjirts  of  the  brain,  of  areas  of  softening  that  may 
range  from  a  millimeter  to  several  centimeters  in  diameter.  Tbty 
are  usually  irregular  in  size,  and  verj"  indistinctly  sepjiratetl  from 
the  sumjundiiig  tissue.  The  most  common  situations  are  the  regioB 
of  the  tliinl  and  fourth  ventricles  and  the  aqueduct  of  SvlviiiN 
The  gray  matter  is  more  often  involved  tlian  the  white. 

Etiology. — The  cause  is  jirobably  in  all  cases  the  j)n'>sen<t'  «f 
infection  in  the  body,  such  as  influenza,  typhoid  fever,  or  sentic<'mia. 
Authors,  whose  opinions  we  must  respect,  have,  however,  uescrilMHl 
encephalitis  as  the  result  of  simple  concu.ssion  of  tlie  brnin,  or  of 
various  I'uiius  olpuisfjuing,  such  as  lead.  The  difliculty  in  the  latter 
group  of  cases  is  due  to  the  close  rcseml)lancc  between  encejihaln- 
malaeia  and  encephalitis.  Collections  of  roun<l  cells,  with  slight 
degenerative  changes  in  the  nervous  system,  have  been  descrilicd 
in  chorea,  and  have  been  supposetl  to  represent  the  subacute  or 
chrniu'c  i'orni  of  encephalitis.  The  observations  are,  however,  st 
present  insufficient  to  establish   this  point.     References  will  [w 
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made  again  to  it  under  the  hcadiufiof  Clironir-  Enct>jihi(liti.s.  Some 
years  ago,  various  oljsorvers  ri'jwn-tfd  the  iK-currenee  of  sieiite 
encephiilitis  in  iiew-h(»rn  eliildrcn,  hut  it  ha.-*  s^ince  lieen  shown 
that  compound  prannlar  eells  oceiir  normally  in  the  brain  of  the 
fetus  and  persist  for  some  days  after  birth. 

Patboloeric  Anatomy. — Tlie  two  most  important  ehanpes  are 
those  in  t!ie  eolor  and  consistenj'v.  The  former  is  nsually  slightly 
darker  than  normal,  but  may,  if,  as  is  not  nnfn>i(iiently  tlie  ease, 
extensive  hemorrhajje  has  mrnrred,  beenme  a  bright  red,  resem- 
bling, upon  inspection,  an  area  of  hemorrhage,  or  perhaps  more 
closely,  an  area  of  red  sofleninjj.  The  consistency  is  always 
decreased,  )Drob;iblv  as  a  result  of  serous  infiltration.  Often  the 
diseased  area  jirojeets  slightly  from  the  surface  of  the  section. 
Microseopically  the  charjietcristic  change  is  the  perivascular 
round-cell  infiltration.  This  usually  involves  the  majority  of 
vessels  in  the  lesion,  and  may  also  he  found  in  regions  of  the 
brain  in  which  softeninij  has  not  already  commenced.  Usually 
there  is  the  chanu-terisfic  inflanMiiatnrv  I'ongt'stion,  th<>  blood-ves- 
sels, anti  particularly  tlie  small  cajiillaries,  being  sometimes  greatly 
dtstende<I  and  packrd  with  red  bioml-cells.  In  some  cases 
tiiroml>i  have  funned.  Hemorrhages  are  exceedingly  freipient ; 
these  art;  sometimes  punetiform  and  sometimes  difl'use  extrav- 
asations into  the  tis-*ue.  Often  they  appear  to  represent  rupt- 
ured {'apithiries,  and  produce  a  peculiar  sju'ckh-d  apiK'arance  on 
the  siirljice  of  section.  In  the  early  stages  the  cellular  exudate 
is  chiefly  com[M>si-d  ol'  |M)lynuclear  leukocytes.  If  the  process  is 
more  aclvanccd,  tlwse  may  exhibit  more  or  less  degenerative 
change.^.  Later  they  are  re[ilaced  by  inononu<'lcar  cells,  jirobably 
representing;  proliferation  of  the  endothelial  cells,  and  perhaps  of 
the  neuroglia-4'ell.s.  The  gaiiffliou-ci'ils  in  the  iuHaiuuiatory  re- 
gion unilcr^o  rapid  degeneration,  usually  passing  tliroiijrh  various 
stages  of  chromatolysis,  until  thev  an?  reduced  to  little  colorless 
vesicles  of  iri-egular  form.  The  nerve-tibers  also  dep-ncnite  ;  the 
myelin  forms  fatty  droplets;  the  nxia-cylindors  at  first  swell  and 
then  share  in  the  finuiidar  disintegration.  In  the  mitlst  of  the 
fo<rns,  the  neuroglia  urdiuiirily  shares  in  the  softeiiiug.  .\t  the 
jK-riphcrv  there  is  usually  a  noticeable  pn>lifcratioii  of  the  neu- 
roglia-i'i'lls  and  the  fonn;ition  of  a  coarse,  thick  network  of  neu- 
rogliii-fibers.  Of  course,  these  clianges  are  not  found  about  very 
esirly  lesions.  In  tlie  earliest  stages  compoiiml  granule-cells  are 
usually  ab.sent ;  later  they  may  ap|)ear  in  consi<lerable  numbers, 
but  their  presence  is  by  no  luranssufHcient  to  indicate  the  existence 
of  an  acute  or  chn)nic  inflaniuiatory  procrss.  Pisiippcarauce  of 
the  tangential  fibers  in  the  cortex,  in  lesions  situateil  in  this  area, 
have  also  been  described.  Ordinarily  in  these  forms  of  ence])ha- 
litis,  the  re.st  of  the  brain  exhibits  no  macroscopie  changes,  and 
often  none  can  be  detected  by  the  microscope.     The  membranes 
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are  Bmooth,  tlif  vessels  of  normal  elasticity,  and  not  .siirroiiiw 
by  a  nmnd-ccll  inliltnition.     Complete  resolution   may   |mtIi:i 
oeour  ;  of  course,   thi.i  cran   only   be   supposed   from    tbe  clinical 
fiyniptoms  of  the  disease,  there  being  no  detinite  experimental 
pathologic  evidence  to  support  it. 

The  focal  lesions  may  undcr}^  softening  and  lojid  idtimat<'ly 
«car-fonnation  ;  and  if  they  are  jxtensive,  there  will  be  consiilc 
ble  atrophy  of  the  atf'ectcd  j)art  of  the  brain.     Tlie  gresit  majorii 
of  cases,  however,  in  all  prolmbility  terminate  fatally.     The  nat 
of  the  process  is  generally  accepted  to  be  primarily  vascular ;  tl 
•secondary  changes  being  the  result  of  alteration  in  the   nutriti' 
•of  the  surrounding  part. 

Suppurative  encephalitis  has  already  been  in  part  described 
■connection  with  piiriilent  meningitis.  In  that  conditiftn,  tbe  pi 
genie  emboli  apjx-ar  to  enter  the  brain-substance  along  the  lym 
phatics  that  dip  into  it  from  the  pia.  They  are  usually  small,  n^^ 
<^irenni8cribetl,  and  more  apt  to  be  found  in  the  gray  matter  of  t|^| 
•cortex,  particularly  near  the  base  of  the  brain  and  in  the  struc^^ 
ures  adjacent  to  the  ventricles,  than  in  the  white  substiinoe.  (X- 
esisionally,  larger  cullectiuiis,  forming  rather  ill-tlefined  absces; 
arc  found.  In  a  iu-.iin  that  I  recently  removed  at  autopsy,  tl 
changes  in  the  pia-nrachnoid  were  slight  antl  were  liniitt^^f  to 
small  area  ttver  the  motor  region  for  the  leg  on  the  left  side ;  hi 
beneath  this  there  was  an  extensive  area  of  pnrident  infiltration 
•of  the  hrain-substanee,  not  sharply  circumscribed. 

Abscese  of  the  brain  is  a  condition  characterized  by  tlie  pi 
ence  in  the  brain-substance  of  one  or  more  cavities  containing  pi 
The  usual  cause  is  suppurative  bone-<lisease,  particularly  tliat 
suiting  from  otitis  media.     The  condition  may,  however,  occur 
general  pyemia  as  a  result  of  metastasis  from  some  neighboring 
n-mote  focus  of  suppuration.     Suppuration  may  also  occur  in  the 
■course  of  jyiieuriionia,  or  in  chronic  suppin-sUive  diseases  of  ihe 
lungs,   sui'li  as  i'etid   bronchitis.     Direct   infection  of  the  bniiu, 
eitlier  ('X|>erimentally  or  as  a  result  of  wounds  penetrating  the 
skull,  has  al.Mi  been  oiwerved.     In  many  of  these  cases  the  nafii 
■of  the  transmission  is  clear;  thus  the  abscess  resulting  from  di 
ease  of  the  ethmoidal  sinuses  or  from  direct   inoculation  is  usiiallj 
situated   in   tlie   immediate   neigliborhoo<l   of  the   original   I'ik-ii 
Abscess  secondary-  to  pulnionan,'  disetise  is  usually  found  at  tl 
base  of  the  cerei>ral  heniispheres,  and  is  probablv  transniitt 
along  the  retropharkugeal    lympliatics.     Abscess  due   to   injurv 
without  penetration  of  the  skull  has  occasionally  been  reeord^l. 
Sometimes   it   is  found   in   the  contust^d   area,  sometimes  on  the 
opposite  side  of  the  brain.     The  micro-org:inisms  that  have  Uv 
found  in   the  pus  are   practical ly  all   the  pyogenic  fonus.     Thi 
most  frequent  are,  perhaps,  the  staphylococcus,  the  strepttK-ooU!*, 
and  the  pneumocoecus.    (Jecsisionally  the  aetinomyces,  the  Bacillus 
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t)yocyancus  anfl  the  Bjieilliis  ttiluTeiilosis  have  boi-n  found,  the 
atter  in  cases  tlmt  were  apiKiwntly  ac-tite  abscesses  of  the  hrain, 
and  not  softened  solitary  tubcreles. 

Statisticsil  studies  of  tlte  titeniture  show  that  in  about  two- 
thirtls  of  all  eases  the  eerebriini  is  the  seat  of  the  lesion.  In  the 
remaining  third  it  is  ehiefly  the  eerebelliini.  Umistml  seats  are 
the  pons,  enira,  and  medulla.  This  distribution  dues  not,  of 
course,  apply  to  the  ilisseniinatcd  fomis  of  purulent  encephalitis. 
Solitary  abscesses  are  usually  the  residt  of  endKilisin  or  exte'usion 
from  the  Ixtnes.  They  may  he  small  or  of  eonsiderable  size,  and 
one  is  on  record  from  whieh  4(K(  e.o.  of  pus  were  removed.  They 
may  be  either  snrrontided  by  softened  brain-substance  or  dis- 
tinctly eneapsulattHl.  The  latter  condition  usually  occurs  if  they 
have  histe<l  any  lenjitli  of  time — that  is,  three  or  four  weeks; 
although  eases  are  on  record  in  which  a  distinct  wall  did  not 
develop  about  an  abscess  that  had  existed  for  sevend  months. 
The  wall,  when  it  exists,  varies  in  thickness  from  a  half  to  several 
millimeters.  The  contents  of  the  cavity  are  pus  and  detritus,  and 
in  it  may  frequently  Ix'  found  thromljosed  bhxid-vessels.  The 
surroundinp  bniin-tissue  is  usually  undcrfroinp  sol'teninj;.  It  may 
be  either  wliite,  or,  as  a  result  of  hcmorrhafiic  extrava.sjttion,  red 
in  color.  The  abscesses  usually  sprea<l  more  or  less  pnulually ; 
that  is  to  say,  there  is  probably  no  tendency  to  heal  spontaneously. 
If  largt!.  tliey  cause  ronsi<lend>Ie  intnu'iiinial  jiressure,  which  is 
indicated  by  the  tlatti'uing  of  tin'  cnuvolutiuns  or  bidding  of  the 
brain  after  the  skull  has  bcon  trejdiiued.  T!u)se  due  to  punctured 
woumls  are  usually  assfwiatcd  with  meningitis.  Those  due  to 
caries  must  also  be  associate<l  with  intlamniatory  changes  in  the 
meninges,  and  not  unfre<juently  there  is  thromlxisis  of  the  cerebral 
sinuses.  Microscopically,  we  find  the  ordinar\-  clinracteristics  of 
pus.  The  wall  or  jieriphery  is  usually  undergoing  fatty  degener- 
ation, and  there  is  a  eonsiderable  accumulation  of  round  cells  in 
the  surrounding  tissiu^  Multi|)le  abscesses  an'  usually  metastatic. 
A  group  may  bo  found  cither  in  one  situation  in  the  brain  or  they 
may  be  very  widely  distributed.  Occasionally  the  course  of  the 
case  is  so  chronic  that  secondar\'  degeueration  may  occur.  In 
such  a  case,  examined  by  Sailer,  with  abscesses  in  the  cerebellum, 
cerebrum,  and  particularly  the  jxins,  there  was  degeneration  of 
both  pyramidal  tracts.  This,  of  course,  is  a  rare  condition. 
In  cases  of  severe  encephalitis,  more  or  less  pronoimced  changes 
may  be  observed  in  the  ganglion-cells  in  other  j>ai-ts  of  the  cen- 
tral nervous  system. 

Primary  Acute  Hemorrhage  Encephalitis. — Striimpell  has  de- 
scribed under  this  name  a  form  in  which  the  dura  was  normal  but 
somewhat  dry ;  the  pia  injected,  the  centrum  ovale  sot\ened,  ede- 
matous, slightly  pinkish  or  gray,  and  marked  by  fine  hemorrhagic 
pointi*.  Microscopically  there  were  no  granular  cells,  but  drops  of 
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myelin  ami  some  detritus.     There  wa'S  some  hyperemia  and  i 
luinr  iiifiltnition  of  the  pia.    The  pvnglion-tiells  ot  the  cortex  we 
niinnal.      In  the  whit*:-  matter  the  vessels  were  di.st<'n(Jed  wi^ 
blow!  and  surrounded  by  thick   masses  of  round  cells;  the  pery 
vascular  spat^es  were  dist«n<led  ;  the  neurofjliar  tissue  coarser  tha 
normal.     In  many  situations  there  was  bleeding  from  the  eapil 
lanes. 

General  Progressive  Paralysis. — Tln-re  has  been  muolT 
diversity  of  npinion   coiiefrning  tlio   true  nature  of  general   pro- 
gressive paralysis.     The  lesions  hitherto  described  have  varied  a 
nature  and  situation.     Nevertheless,  there  seems  to  be  good  reas« 
to  accept  an  infectious  origin  of  the  disease,  and  unqiiestionab^ 
tlie  symptomatology  and,  to  a  certain  extent,  the  morbid  chu 
indicate  that  the  iirain  is  the  org:in  chiefly  involve<l.     The  ehao 
fnun<l  riiHst  frequently  areas  follows  :  the  dura  mat<?r  is  adherent  I 
the  skfill  ;  it   may  be  thickenefl,  and  often  shows  upon   its  und^ 
surface    the    exu<latc  of   a    hemorrhagic   pachymeningitis.      Th 
arachnoid  is  thickened  and  opaque,  pjirticularly  along  the  cour 
of  the  veins ;  and   in  the  subarachnoid  space  there  is  oft<;n  a  cod 
siderable   effiision   of   liquid.     The   pia   mater  is  thickened 
o|)aque,  and   may  or  may  not  be  adherent  to  the  cortex  ;  in  th 
latter  ease    the   subpial    areolar   tissue    is   distende<l    with    flni'I. 
Microscopically,  tljere  is  often  found  a  round-cell  infiltration  about 
the   I)loo<l-ve8sel8 ;    their   walls  are   thickened   and   show   some 
hyaline  degeneration.      The  fluid  in  the  areolar  sjiaces  muv  l>r 
clear,  or,  as  is  more  commonly  the  ca.se,  it  is  viscid  and  even  c<.>l!(iiil 
in  nature.     The  gross  appearance  of  tlie  brain  is  frequently  con- 
siderably  altered.      The    convolutions    are    flattened;    the    !<tilci 
bniader  than  normal  ;  the  consistency  of  the  brain  is  .slightly  in- 
creased ;  the  cortex  is  usually  pale  and  greatly  rethicetl  in  thick- 
ness.    The  white  matter  may  ajypear  to  be  slightly  looser  in  te.xt- 
ure,    but   ordinarily   presents    no   change.       Microscopically,  die 
blood-vessels  in  tlie  cortex  have  thickened  walls,  and  occ4isionallv 
one   is   found   with   a  conijiletely  ol)literated    lumen.     Then'  il 
usually  distention  of  the  perivascular  spaces,  which  may  be  filie 
with  round  cells  and  various  prcKlucts  of  degeneration,  such 
pigment-granules.    The  glia-cells  are  greatly  increased  in  nurahef 
although  it  is  ilitiicult  to  decide  wliether  this  is  ab.solute  or  relative 
The  neuroglia-tiljers  are  usually  slightly  coarser  than  normal.  Tlu 
tangential    lil)ers  of  the   cortex    may  be  reduced  in  number  olj 
entirely  ab.sent.     The   gang!ion-('ells  exhibit  a  great  variety 
alterations.    The  protoplasmic  processes  are  varicose,  and  when  suP' 
fieicntly   well   impregnated  show  the  absence  of  the  genimuk*. 
The  axis-<'ylinder  is  usually  distinct,  due  to  the  degeneration  of 
the  myelin-sheath.     The  body  of  the  cell  may  be  irregular  anil 
vacuolated,  and  there  is  often  extensive  ehromatolysis.    The  ventr' 
cles  of  the  brain  are  usually  slightly  distended,  probably  the 
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'  atrophy,  and  the  choroid  plexus  is  often  cystic.  C'lianjfes 
cntly  (bund  in  tlie  spinal  cord.  Tlic  gsuiglion-cplls  in  all 
parts  show  pronounced  degenerative  characteristics.  This  is  par- 
ticularly interesting  in  view  of  the  fact  that  the  motor  synrptoms 
progress  so  gradually.  The  posterior  roots  are  often  slightly 
aegencratc<l,  and  there  is  systemic  degeneration  of  the  jKisterior 
columns  not  unlike  that  founti  in  the  early  stages  of  tabes  dor- 
salis,  excepting  that  ortlinarily  it  is  most  jjronounced  in  the  cervi- 
cal region.  The  pia  and  arachnoid  of  tlje  cord,  jiartienlurlv  those 
portions  covering  the  posterior  columns,  are  thickened  jind  ninre 
or  less  adherent.  Tiie  iluru  is  often  nuirkedly  thickened,  anrt  nwy 
exhihit  [KicliynK'ningitis.  The  etiology  tif  pmgressive  general 
paralysis  is  not  clear.  The  great  majority  of  cases  eoinnienee  in 
luidtlle  adult  life,  and  have  been  preceded  by  an  attack  of  syi)hilis. 
Certain  ca.ses,  however,  lail  to  give  any  syphilitic  history,  and  pre- 
sent no  signs  of  the  disease. 

Chronic  encephalitis  may  take  the  form  of  sclerosis  or  of 
scar-formation,  which  is  really  but  a  variety  of  sclerosis. 

Lobar  sclerosis  is  usually  an  extensive  but  sharply  circum- 
scribed process  affecting  the  whole  or  part  of  one  or  nmre  lobes  of 
the  brain.  The  involved  area  is  usually  considerably  diminishtHi 
in  size.  The  convolutions  are  smaller,  the  sulci  broader,  hut,  of 
course,  not  .so  deep ;  the  surface  is  often  finely  granular,  and  the 
pia  is  adherent.  The  consistency  is  greatly  increased,  the  tissue 
being  almost  like  cartilage.  Microscopically  there  arc  the  same 
changes  found  in  tlie  other  forms — that  is,  excessive  proliferation 
of  the  neuroglia,  with  partial  or  complete  disapiK'aranec  of  the 
nervous  elements.  The  ejuise  afipears  to  Ik'  some  vascular  dis- 
turbance occurring  during  fetal  existence,  as  the  loeali/Jition  nearly 
always  correspjnds  to  the  distribution  of  one  of  the  arteries  sup- 
plying the  brain.  If  the  anterior  cerebral  artery  is  affected,  the 
frontal  lobe  is  sclerotic.  If  the  artery  of  the  Sylvian  fissure  is 
involved,  thert!  will  be  sclerosis  of  all  the  hemispheres,  with  the 
exception  of  a  part  of  the  occipitjil  lobe  ;  and  if  the  lesion  is  situ- 
ate<l  on  the  proximal  side  of  the  lenticular  striate  artery,  this  part 
will  also  be  degenerated.-  If  the  posteriiu"  ecrebntl  artery  is  oc- 
cludwl,  the  lesion  will  be  found  at  the  tip  and  in  the  lower  half 
of  the  ocoiijital  loi)e.  Exteu.sive  secondary  degeneration  always 
occurs  in  this  form. 

Multiple  sclerosis  is  a  condition  characterized  by  the  formation 
throughout  tlic  nervous  system  of  various  foci  in  which  tlu>  neu- 
roglia is  somewhat  hyperplastic,  the  myeliu-sheaths  more  or  less 
degenerattfd,  and  the  axis-<jylinders,  as*  a  rule,  slightly,  if  at  all, 
affected.  The  sclerotic  areas  are  of  very  irregular  size  and  dis- 
tribution, ami  are  much  more  frequently  fomul  in  some  situa- 
tions than  in  others.  When  they  affect  the  white  matter  of  the 
brain  and  cord  they  appear  as  grayish  or  grayish-pink    areas, 
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which  may  even,  if  at  the  surfuoe,  be  observed  through  the  pla. 
Thev  resemble  the  gray  matter  of  the  eonl  too  closely  to  be  clearly 
distinguishtMl  from  it.   Their  edges  are  usually  shan».    After  hard- 1 
ening  in  Muller's  fluid  they  appear  of  a  bright-yellow  color  andl 
are  exceedingly  distinct.     The  smallest  may  be  only  a  millimeterl 
in  diameter,  and  the  largest  may  occupy  the  whole  transverse  !*(v| 
tion  of  the  spinal  oonl  or  even  entire  convolutions  of  the  hniin.| 
Occasionally  sclerotic  areas  may  be  found  in  the  nerve-roots.    The 
most  important  (change  that  is  foun<l  upon  microscopic  cxamin 
tion  is  a  tiiickening  of  the  walls  of  th<'  blood-vessels.     This 
sembles  hyaline  degeneration,  and   may  be  so  extreme  that  thel 
lumen  is  almost  obliteniteil.     The  perivascular  lymphatic  space: 
is  often  filled  with  cells  containing  droplets  that  stain  black  with 
osmie  acid.     Occasionally  the  ve.s.sels  appear  to  be  increa.sed  in 
number,  although  this  is  possibly  due  to  contraction  of  the  s«ir- 
rf)unding  tissue  bringing  them  more  closely  together.      Immedi- 
ately around   the   <tisease<l    vessels  the   neuroglia   is   proliferate!. 
In  the  center  of  the  foci  the  neumglia-cells  an?  not  markeillji 
increased;   in  the  periphery,  however,  they  seem  to  have  undi-r-j 
gone  a  distinct  hyperplasia.     The  neuroglia-fibers  thmughout  are] 
somewhat  thicker  and  more  irregular,  and  form  a  large-nieshed  net- 
work.    In  tlie  midst  of  the  neuroglia   com])i)uud  granular  cells  i 
an<l   amyloid  bodies  are  often   fotmd.     If  stained   by   Weigcrt'* 
niethcKl,  it  is  at  (mce  evident  that  the  myclin-sheaths  have  dL^ap 
pearwl  almo.st   entirely,  all   the  sclerotic  areas  apj)earing  bright 
yellow.      If  the    Marchi    method    bo    used,   however,    a    certain 
nimd)er  of  degenerated  myelin-sheaths  will  be  found,  as  a  rule, 
.still   present.     The  edge  of  the  sclerotic  area  does   not  end  a« 
sharply  as  appears  macroscopically,  but  gradually  fades  into  the 
healthy  tissue.     The  axis-cylinders,  in  spite  of  the  destruction  of 
the   myelin-sheaths,  are   nearly  always  present,  and    apparently 
normal,  a  fact  which  explains  the  absence  of  secondarv  degenem- 
tion  beyond  the  lesions.    In  those  situations  where  the  nyp<'rplii.«ia 
of  the  neurnglia-libers  is  most  pronounced,  the  axis-cylinders  nwv 
be  swollen  or  show  partial  fatty  degeneration,  or  be  entirely  ab- 
sent.    Popoif  believes  that  these  persistent  axis-cylinders  are  not 
those  that  originally  pa.ss  through  the  lersion,  but  are  rcgenenitrti 
nerve-fibers;   a  view,  however,  for  which   there  is  not  suffii'ii'nt 
proof.     The  gdiigl inn-cells  are  shrunken  and  pigmented,  and  mar, 
in  rarc  cases,  cumpletely  disappear.     In  advanced  cases  of  the  dis- 
ease, the  piTvcess  re.sembles  more  closely  a  chronic  myelitis ;  the 
axi.s-iylinders  j>a.«siug  through  the  lesion  may  be  totally  dcstroyiil 
and  seeoudary  degeneration  occur.     In  tha«e  cases  that  liavc  km 
studied  in  the  early  stages  of  the  process  jwrivascular  inflamma- 
tory  ehang<'S  have  been  present,  and  it  is  about  these  that  the  scli^ 
rotic  areas  have  formed.     In  some  cases  thrombi  have  been  nl.^o 
detected  in  the  vessels,  and  many  of  them  showed  the  early  stages 
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of  hyaline  degeneration.  For  tliiB  reason,  and  because  dissemi- 
nated sclerosis  frefjiiently  develops  after  an  infectious  disease,  it  ia 
gcnemlly  accepited  that  (he  proeess  is  due  to  infectious  embolism, 
a  view  particularly  supported  by  Marie.  Certain  authors,  how- 
ever, partieularly  Taylor,  liuld  that  the  vessels  are  not  the  primary 
origin  of  the  disease,  as  in  many  of  the  sclerotic  foci  they  are 
rfectlv  liealtliv. 


INJURIES  TO  THE  CENTRAL  NERVOUS  SYSTEM. 


Injtiries  to  the  central  nervous  system  produce  a  great 
variety  of  lesions,  aecortlinfi  Ui  tlicir  nature  and  severity. 

Concussion,  either  from  a  single  shftck  or  from  repeateil  blows, 
may  give  rise  to  transient  or  jwnnanent  changes.  Ordinarily 
there  is  considerable  hemorrhage  at  the  site  of  tlie  blow.  This 
may  be  either  between  the  dura  and  tlie  skidl  or  between  tlie 
arachnoid  and  the  pia.  Not  infreipjently,  hemorrhage  is  also  found 
in  the  subaracjmoid  space  of  the  opposite  side  (bemorrbage  by 
contre  coup).  Tliis  is  e.vplained  either  by  supposing  a  flattening  tif 
the  elastic  skull  or  by  ascribing  it  to  the  force  with  which  the 
brain  rebounds  against  that  side.  Small  hemorrJiages  are  not  in- 
frecpiently  found  in  the  central  nervous  substance,  and  appear  to 
occur  particularly  in  the  direct  line  of  the  force  applie<l  to  tiie 
skull.  In  the  latter  raise  autopsies  have  shown  the  existence  sotne- 
times  of  multiple  hemorrhages,  sometimes  of  disseminated  areas 
of  sclerosis  in  the  white  and  the  gray  substances.  Occasionally 
in  the  spinal  cord,  after  experimental  repeated  concussions, 
changes,  somewhat  systemic  in  character  and  affeeting  chiefly 
the  posterior  columns,  have  been  observe<l.  The  hemorrhages 
may  be  punctate  or,  in  some  cases,  particularly  if  the  injury  is 
severe  and  the  arteries  are  diseased,  massive. 

Lacerated  wounds  of  the  brain  are  usually  produced  by  fract- 
ure of  the  sknil.  Then-  is  extensive  interstitial  henmrrhage 
an<l  sot\ening,  and  the  siuTounding  tissue  is  edematous.  IC  oidy 
sulxlunit  henmrrhage  (weurs,  it  may  produce  c^ompression  witli 
secondary  yellow  softening.  Any  of  tbe.se  lesions  may  heal  with 
the  formation  of  a  sear  and  the  prfKliictiun  of  more  or  less  exten- 
sive wcondary  degeneration.  Extensive  lacerations  of  the  brain 
are  sometimes  ttie  result  of  injury  during  birth,  giving  rise  to  so- 
cidled  cerebral  palsies  of  ehil(Uioo<l.  In  these  cases,  as  the  centnd 
nervous  system  is  not  fully  developed  when  the  injurj' ocelli's,  there 
is  hypoplasia  of  the  aHeeted  piirts. 

Punctate  wounds  of  the  brain  are  due  to  fragments  of  bone,  to 
sharp  instruments,  or  to  bullets.  In  nearly  all  cases  a  certain 
amount  of  infection  occurs,  giving  rise  to  encephalitis.  Tfie  in- 
juretl  area  usually  undergix>3  complete  neen>sis,  and  this  extends 
for  some  distance  into  the  surrounding  tissues.     The  necrotic  area 
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ia  oompoHi'd  of  ji  >;raniilar  detritiw,  in  the  midst  of  which  at« 
found   altva-d  biocxl-pigmcnt  and  broken-down  nuclei.     At  the 
Ijerijihcry  there  is  usually  some  granulation-tissue,  proliferatioa 
iif  the  neuroglia,  an<l  more  or  less  round-cell  infiltnition,  accord- 
ing to  the  intensity  of  the  iuHatnnuitory  process.     Experimental 
lesions  may  be   produced    in  various  ways ;  tite   most  intcrestin!; 
results,  periuips,  being  those  found  after  the  introtluction  of  for- 
eign bodies,  or  after  careful  aseptic  laceration.     In   either  case,, 
shortly  after  the  ojieration,  necrotic  changes  will  be  found  iu  ths 
enlarged  area.     There  is  marked  proliferation  of  the  neiirogli 
cells,  even  as  early  as  the  tliird  day,  and  of  the  neumglia-filxTS. 
New  capillaries  may  be  seen  pushing  into  the  area,  the  endothoiiiil 
cells  of  their  walls  exhiliiting  karyokinetic  Kgures.     The  ncrvnui 
tissue  in  the  immediate  neighborhixKl  is  in  various  stages  of  de 
generation.     The  myelin-shoaths  form  balls  of  fat ;  the  ganglio; 
cells  l>peome  swollen,  vacuolate*!,  and  lose  their  protoplasmic  proc- 
esses.    If  there  has  l)een  much  hemorrhage,  the  bliMxl-pigmi-ni 
will  be  f<iuii(l  in  irregular  homogeneous  masses  or  in  the  tonn  of 
heniatoidin-erystals.     Ijater,  evidences  of  regeneration  in  the  nerv-      i 
ous  tissue  may  be  observed,  particularly  the  ap|x?arance  of  karyo-fl 
kinetic  figures  in  the  nuclei  of  the  gsinglion-eells.     The  enlarged^ 
area  is  ultimately  replacetl  by  a  mass  of  cairse  neumglia-fi ben- 
containing,  usually,  fewer  cells  than  normal.     That  true  rcgeii- J 
eration  of  the  central  nervous  system  ever  occurs  in  the  human  V 
body  is  exceedingly  doubtful  ;  indeed,  it  is  not  certain  that  it  owurs 
in  any  of  the  vertebrates,  although  after  removal  of  the  tail  in  liz- 
ards a  spongy  mass  of  neuroglia  may  be  found  in  the  new  oi^gao. 


INFECTIOUS  DISEASES. 

Tuberculosis  occurs  in  the  brain  in  the  form  of  miliary  'u- 
bcrvlfi*  or  as  large  masses,  the  so-called  golitary  tubercle,  or  tyroma. 

Miliary  tubercles  are  met  with  in  association  with  tuberculous 
meningitis.      They  are  most  frequent  at  the  base  of  the  braiu. 

Solitary  tubercles  occur  independently  of  tuberculosis  of  tiit 
meninges.  Tiiey  are  more  frequent  in  children  than  in  a<lult8, 
and  usually  occur  in  cases  in  wliieh  there  is  tubercuhxsis  of  other 
parts  of  tlie  boily,  notably  the  lymphatic  glands.  The  infi-ction 
reaches  the  brain  through  the  Idood-vessels.  The  lesions  an- 
rounded  masses  of  gmyisli  or  yellowish  color,  sometinieii  showing 
fresh  gray  tubercles  at  the  perij)her)-.  The  growth  of  the  inassis 
caused  by  increase  in  size  of  the  original  tubercles  and  bv  con- 
glomeration of  new-formed  tubercles  at  the  j»eriplierj'.  Early 
casciitioii  is  u,<ual.    Secondary  infection  of  the  pia  sometimes  occuts. 

Syphilis  appears  in  the  brain  in  the  fonii  of  gummata  or  as  a 
diffuse  vascular  disease  witli  secondarj'  degenerative  conditions. 

Onmmata  usually  beein  in  the  subaraennoid  space,  originatiog 
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in  the  membranes  and  involving  the  brain-substance  socomlarily. 
The  dura  may  be  simult«neoiisly  involved,  and  tlie  three  ni(>in- 
bnmi'S  may  be  adherent  to  eaeh  other  and  firmly  attaehed  ti>  the 
br.iiii.  Primary  fjumma  iif  tlie  i>niiu-sub.stariee  is  eertaiidv  very 
rare.  In  the  earher  wtage.s  tlie  gunuua  is  u  gniyish  and  iiitlier 
transhiec'Ut  growth,  hut  secondary  caseation  oecurs  so  raj)idlv  that 
the  primary  h^tnge  is  nirety  observed.  As  a  rule,  the  lesion  a|»iiears 
in  the  form  of  an  irn>gular,  dry,  caseous  area  occupyinif  the  eortical 
portion  of  the  bmin  au<l  attaehed  to  tlie  pia  and  anichnoid,  and 
even  the  dura.  Wieroscopieally  tlie  substanc'e  of  the  growtli  eun- 
eists  of  round  and  sjiindie  or  stellate  cells  in  the  earlier  stages, 
and  of  granular  material  in  the  later  stages.  The  ecrebral  sub- 
stance surroHuding  the  growth  is  more  or  less  softened  and  degen- 
erated. Tlie  blowl-vessels  in  th(;  alfected  area  or  its  vicinity  arc 
the  seat  of  endarteritis,  which  in  some  eases  causes  complete  (K'cIu- 
sion  of  the  lumen.  In  liereditarv'  syphilis  symmetrie  gunmiata  of 
the  brain  are  occasionally  finnid. 

Syphilitic  disease  of  the  blood-vessels  of  the  brain  takes  the 
form  of  more  or  less  diffuse  emhirteritis.  Secondary  degenerations 
and  softening,  or  sclerosis,  of  a  diffuse  or  focal  ehanicter,  may  re- 
8uh  from  the  vascular  disease  ;  but  neither  these  changes  nor  the 
vascidar  changes  are  fM'euliar  and  distinctive. 

Actinomycosis  of  the  hnxin  is  generjilly  secondary  to  actino- 
mycosis of  the  tis.sues  of  the  neek,  and  results  from  extensicm  up- 
ward through  the  base  of  the  skull.  The  mentbranes  are  first  in- 
volved ;  the  hrain-sub.stanec  secondarily.  The  lesiem  may  take 
the  form  of  a  chronic  abscess  or  may  be  tumor-like  in  appearance. 


TUMORS. 

Tumors  of  the  brain  are  important  clinically  on  account 
of  their  situation  rather  than  on  account  of  their  nature.  The 
most  common  is  probably  glioma,  but  almost  equally  as  com- 
mon is  sarc(»ma.  Carcinoma,  excepting  th<'  fe>nii  springing  from 
the  lateral  ventricles,  is  almost  inner  a  primary  growtli,  but 
seconilary  nwlules  are  frcipicntiy  found  in  the  brain.  C'ho- 
le.steatonia,  lipoma,  enih)thelioma,  and  teratoid  eysta  also  oc- 
cur, but  they  spring  from  th<;  membmnes,  anrl  have  been  de- 
seril)e«l  in  eonuectiun  with  them.  (jumma  and  tyroma  also 
occur  very  frequently  in  the  brain,  but  as  their  etiology  is  in- 
fectious they  are  described  in  conueetion  with  the  infectious 
conditions. 

Glioma  usually  appears  as  an  infiltrating  mas,s,  causing  little 

alteration  in  the  structure  of  the  bniiu,  somewhat  Imrder  in  con- 

.  sisteney  than   the   brain-substaucc,   and    slightly  darker.      It    i.s 

jrarelv  a  nudtiple  growth,  and  shows  no  marked  predilection  for 

»ny  particular  portion  of  the  brain,  although   it  occurs  more  fre- 
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r'Otly  in  the  cerebral  hemispheres  tlian  in  the  basal  ganglii 
cerebellum.  It  always  springs  from  the  neurogliiir  tissuel 
the  oentral  nerN'ous  system,  and  is  remarkable  for  its  ext 
richness  in  cells,  that  by  suitable  staining-methods  may  be  shnwi 
to  possess  pn>toplasmic  processes  {tiKtroetjtcj*).  These  protopUsai 
ppicesses.  either  wholly  or  in  part,  form  the  so-calle<l  matr 
the  tumor,  which  appears  to  bo  complied  of  numerous  fine, 
lacing  fibers,  in  the  midst  of  wliich,  by  the  onlinary  staining-met] 
the  cell  appears  to  lie.  Usimlly  the  tumor  is  exceedingly  va.'<ca]a 
the  vessels  consisting  of  small  capillaries  or  larger  spaces  Tim 
with  endothelium,  and  this  vascularizjition  may  l>e  so  exce.*.-ii\ 
that  the  tumor  in  parts  has  a  delicate  pinkish  or  reddish  i-olor.i 
ing  to  the  crosa-section  a  mottled  appearance.  Stmebe  cot 
as  one  of  the  characteristics  of  this  tumor  the  fact  that  it  <l<ti 
infiltrate  the  pia  mater,  and  «m  invariably  be  shown  not  to  siirii 
from  it.  In  some  casi-s  the  consistency  of  the  tumor  is  quite  bar 
and  in  these  the  cellular  elements  are  increa.sed  in  amount  pr 
tionatcly  to  the  fibrous  ti.ssue.  Onlinariiy  true  nervous  tia 
absent  from  the  midst  of  the  tumor,  the  mass  in  the  center 
made  up  of  the  neuroglia-tissue.  This  gradually  dirainishe 
wanl  the  peripherA-,  and  ultimately  fades  into  the  true  ner^ 
tissue,  that  may  l>e  stmiewliat  edematous.  In  some  cases,  howcvr 
as  in  onlinary  sclerosis  of  the  central  nervous  system,  mvelimit' 
nerve-fibers  may  be  found  in  the  midst  of  the  tumor,  and  itj 
quently  happens  that  the  secondary  degeneration  extending  fn 
glioma  is  much  slighter  than  the  apparent  extent  of  the  pr 
WDuid  lead  one  to  exp<'ct.  ()ccasit»nally,  either  glionia-eeil 
jiKSsibly  gjinglinn-cells,  that  liave  mxlergone  prolifenitivc  choop 
in  tlie  midst  of  the  growtli,  may  be  found.  These  are  much  Id 
than  the  ordinary  cells  and  contain  numerous  branche<l  pnK>< 
and  often  (me  or  .scvend  large  nuclei.  This  is  the  8o-calle«l 
glionnr  ncuroglioma. 

Sntne  pnthologiHtH  huUl  that  the  starting-point  of  glioma  is  aIwdtI 
or  more  cpeii<lynial  cells  tlint  have  heen  displaced  in  embryonal  cxia 
and  have  tailed  lo  assume  the  type  ofglia-cells,  basing  their  theory  it 
upon  the  atypical  shape  of  many  of  the  glioma-cells. 

Sarcoma  of  the  brain  is  prohaljly  the  next  most  fp 
tumor.     It  usually  occurs  in  middle  adult  life,  although  it  is  i 
frequent  in  children.     The  cfjtiimonest  seat  is  tlie  cortex,  which 
probably  invades   from  a  priniary  focus  of  prtiliff-nition  in  ih 
membranes.     The  tumors  arc  ordinarily  no<lu!ar  gniwth>«. 
distinctly  circumscribed  from  the  surrounding  tissue,  an<I  in  i 
cases  even  surroundcnl  by  a  fibrous  capsule,  from  which  thcfl 
be  readily  removed.    They  are  rather  firmer  than  the  brain-tif 
and  s«)metinu-s  slightly  umbilicati'tl  if  at  the  suriace.     The  sul 
of  s*>etion  is  pale  and  dry,  but  frequently  mottled  on  acci>unt  t«l 
prcaenee  of  hemorrhages.     If  primary,  the  sarcomata  are  singlei 
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Becondary,  more  frequently  multiple,  and  in  these  cases  they  are 
very  apt  to  be  found  upon  the  convex  snrfaee  of  the  hemispheres, 
forming,  if  large,  irrefiiilar  flattened  masses.  Histologically,  almost 
any  type  of  sarcoma  may  he  found,  the  most  frequent,  jwrhaps, 
being  the  round-cell,  uou-pigmented  form.  CJiant-eells  are  very 
frequently  found.  In  the  midst  of  true  sarcoma,  proliferated 
fibrous  tissue  is  not  found,  but  many  of  the  tumors  are  traversed 
by  fibrous  trabeculie,  and  some  of  them  contain  considerable 
ma.*scs  of  filirous  tissue,  giving  rise  to  the  so-called  tibrosarcoma. 
Ordinarily  the  tumoi-s  are  extremely  vascular,  and  occasionally 
contain  interstitial  hemorrhages.  The  snrn)unding  brain-tissue 
ehows  the  symptoms  of  marked  compression,  is  edematous,  and 
may  contain  small  interstitial  hemorrhages.  The  true  nervous 
substance  is  ordinarily  degenerated,  and  wc  find  extensive  second- 
ar\'  degeneration  as  a  result  of  the  presence  of  the  tumor.  Sar- 
coma springs  primarily  f"n)ni  the  brain,  aiul  nearly  always  grows 
toward  the  surface  and  infiltrates  the  pia  nuiter. 

tCertiiin  forms  of  tumors  have  been  described  that  appear  to 
spring  from  the  adventitia  of  the  bloiHl-vesscls.  They  consist  of 
masses  of  cells  usually  sharply  ein.Mmiseribed,  somewhat  cylindri- 
cal in  shape,  having  in  their  center  a  small  lumen  in  which  blood- 
cells  may  sometimes  be  detected.  These  are  the  so-called  peri- 
thelioma. 

Many  authors  believe  that  a  combination  of  glioma  and  sarcoma  may 
occur,  nnd  pliosarcomatsj  have  been  fretjaently  described.  As  the  neuroplia- 
tissue  h.-js  the  functions  of  connective  tissue,  and  in  many  respecU  resembles 
it  in  its  pathologic  proces-scs,  it  is  natural  that  a  (glioma  should  be  similar 
to  a  sarcoma,  and  this  has  possibly  caused  an  error  of  diagnosis  in  some 
cases.  As  the  two  tumors  arise  from  tissue  of  diflerent  iiatun-s,  and  develop 
in  different  situations,  their  combiaation  is  theoretically  unlikely. 

H  Fibroma  tx-curs  as  a  hard,  circumscribed  tumor,  sometimes 
found  in  the  hemispheres,  but  it  is  extremely  rare. 
I#yinp1iaiigioina  appears  to  arise  from  the  pia. 
Osteoma  is  usually  an  extension  inward  from  the  skidl  or 
membranes,  but  occasionally  occurs  as  a  tumor,  apparently  origi- 
nating in  the  brain-substance,  forming  hard  masses  from  the  size 
•  of  a  pea  to  that  of  a  cherry,  and  somewhat  irregular  in  shape. 
Psamiilom.a. — This  spt^cial  term  has  been  given  to  tumors 
containing  calcareous  granules.  It  has  already  been  mentioned  in 
connection  with  the  choroid  plexus  and  the  membranes.  (>cc4i- 
sionally  circumscribe*!  fibrous  tumors  containing  calcareous  gran- 

Iules  are  found  in  the  brain-substance,  but  these  are  extremely 
rare  (Fig.  353). 
Carcinoma  of  the  substance  of  tlie  brain  is  invariably  a 
metastatic  growth.  It  appears  either  as  small,  round,  circum- 
scribed nodules,  of  firm  consistency  and  pale  color;  or  as  larger, 
more  or  leas  infiltrating  masses  with  softened  interior.  Histologi- 
1  cally,  the  tumor  may  present  any  type  of  carcinoma,  according  to 
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the  nature  of  the  primary  growth.     It  usually  replaces  entirely 
the  nervous  tissue,  either  pushing  it  aside  or  destroying  it,  an 
gives  rise,  therefore,  to  more  or  less  pronounced  secondarj-  degen 
enition.     Multiple    metastatic   carcinomatous   growths,  howevf 
may  exist  in  the  bniiu  witiiout  causing  clinical  symptoms. 


THE  CHOROID  PLEXUS. 


The  choroid  plexus,  as  has  been  stated,  consists  of  a  plexi 
of  vessels  derived  from  the  niesolilast,  that  are  everj'where  ool 


Via.  3&8.— rkammuuui,  vhuwlug  colciueoiu  apicalea  and  whorls. 

€red  by  a  layer  of  cuboidal  or  columnar  epithelium.  Histol  ^ 
cally,  therefore,  it  consists  of  an  inner  layer  of  endothelial  cells 
and  an  outer  layer  of  epithelial  cells,  seimrated  by  a  small  anumiit 
«f  areolar  tibrous  tissue.  This  condition  is  most  distinct  and 
typical  in  the  lower  vertebrates,  particularly  in  amphibians,  in 
which  the  choroid  plexus  consists,  in  .some  jxirts,  of  a  siuglc 
vessel  covered  by  epithelial  cells.  The  structure  of  the  choroid 
plexus,  therefore,  bears  a  very  close  resemblance  to  the  structure 
of  the  glomeruli  of  the  kidneys,  and,  as  it  is  obvious  that 
blood-vessels  of  which  it  is  compose*!  can  have  no  nutritive  funi 
tion,  excepting  in  so  liir  as  they  supply  the  epithcliun*  that  cov 
them,  it  has  been  supposed  tiiat  the  choroid  plexus  is  a  secretin 
organ,  its  object  being  to  secrete  the  cerebrospinal  fluid.  This 
tlieory  is  sustjiinetl  by  the  fact  that  the  cerebros])inal  fluid  differs 
in  composition  from  the  lymph,  or  from  the  fluid  p<jurpd  out  in 
serous  exudations.     It  would    naturally  be   supposed,  therefore, 
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that  in  all  conditions  in  wliich  the  alterations  in  the  composition 
of  the  oerebrospin.il  Hiiiil  liiivt-  been  ik'tectod,  there  is  |)riniarily 
some  disease  of  the  [ilexus. 

Hypersecretion. — In  fertaiu  fjisos  in  which  conuuiinieation  he- 
twceu  ttie  cavities  of  tiu'  brain  and  the  interior  exist-. — as,  for 
example,  thnviigh  the  ethmoid  j>late  of  the  iio.se — there  is  distinct 
hypcrseoR'tion  of  the  eerebrospinal  fluid.  In  a  case  described  by 
St.  Clair  Thomson,  as  much  as  a  ])int  was  discharf^ed  in  twenty- 
four  honrs.  In  these  rases,  if  for  any  reason  the  flow  is 
cheeked,  symptoms  of  iiitnieranial  ]iressnre  weiir.  Keirardinjj 
the  patholoLjie  ehani;res  in  the  elmroid  ]ilexiis  that  are  associated 
with  this  t'ondition  we  have  at  [tresent  no  information.  Hy- 
persecretion probably  also  takes  place  in  all  inflammatory  con- 
ditions. 

Inflammataon. — In  inflammatory  conditions,  particularly  men- 
ingitis, encephalnmyelitis,  and  ependymitis,  either  se|)arate  or  com- 
bined, and  associated  with  the  presence  of  an  abnormal  quantity 
of  albumin  in  the  cerebrospinal  fluid,  more  or  less  inflammation 
of  the  choroid  plexns  is  nsnally  hmnd.  This  is  indicated  particn- 
larly  by  round-cell  infiltnition  about  the  ves-sels  and  beneath  the 
epithelium.  Sometimes  there  is  a  slight  amount  of  exudation 
ui^von  the  epithelial  surface,  and  occasionally  small  foci  of  suppnni- 
tion  can  be  detect etl. 

Infectious  Diseases. — Among  the  infectious  diseases  the  only 
one  of  importance  is  tnberenlosis.  In  this  condition  miliary 
tubercles  or  large  chee.sy  foci  may  be  found. 

Chronic  inflammation  appears  t<>  be  exceetlingly  rare,  or,  what  is 
probably  more  at^curate,  has  ntrely  Iveen  described,  for  there  is 
every  rea.son  to  believe  that  the  choroid  plexns  shares  in  all  con- 
ditions that  involve  the  pia  mater.  Atheronrat<nis  conditions  seem 
to  be  very  infrequent,  but  a  certain  amount  of  thickeoing  of  the 
walls  of  the  vessels  may  be  observed  in  old  age.  A  certain 
amonnt  of  overgrowth  of  connective  ti.ssue,  .sometimes  assrtciated 
with  slight  round-cell  infiltration,  is  also  occa.sionally  found  in  old 
peoj)l<'. 

Hemorrhage  may  take  place  into  the  choroid  plexus,  and  is 
usually  an  agonal  phenomenon. 

Degenerations. —  CfiMfi'ah'on  is  the  most  frequent  of  the  infil- 
trations. This  may  bo  rccognize<l  by  the  gritty  sensation  vijHin 
cutting  into  tlie  elmroid  plexus.  Microscopically,  the  calcareous 
nodules  appear  as  minute  dark  granules  that  stain  puqilish  with 
hematoxylin.  Masses  of  cholest^'rin  are  by  no  means  uncommon  ; 
they  rarely  present  the  form  of  ty|tie^il  pholesterin-]>lates,  but  are 
somewhat  irregnlar  in  outline,  of  a  liiint  yellowish  color,  and  shine 
brightly  when  examined  by  obli(|ue  light.  Both  conditions  are 
common  in  old  people. 
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Pigmerdary  injUlraiion  probably  also  occurs,  certainly  in  milir^ 
ria,  and  perhaps  in  old  age. 

Amyloid  de/fcnernlton  occurs  in  cases  of  amyloid  disease. 

Tumors. — A   great   variety   of  tumors   occur   in    the   plexu 
CyKiM  may  be  eitiier  retention-  or  extpavassition-cysts,  or  parasitic 
The  rcteutiou-frysts  may  be  lined   with  epithelium,  and  pr 
reprt-sent  a<llio.sions  at  the  e<lges  of  tis.sure8  with  jK>n*i:<ten< 
secretory  activity.     More  commonly  they  are  rme<l  with  endoihfl 
lium  and  represent  dilated  lymph-epaces.     They  may  be  lungle  i 
multiple,  and  often  are  more  numerous  upon  one  side  of  thelirau 
than  on  the  other.     They  appear  as  small  tranyhu-ent  sacs,  fiUe 
witii  a  clear,  slightly  yellowi.-.ii  liijuid,  or  else  a  colloid-like,  visci^ 
mass.     Parasitic  cysts  are  usually  due  to  Ttenia  solium.     The 
may  be  either  single,  the  Cysticcrcus  cellulosse,  which   may 
attjiched  to  the  plexus  or  lie  free  in  the  ventricular  cavity, 
multiple,  forming  the  so-called  Cysticercus  racemosa  of  the  brain 

Among  the  lienign   tumors,  jibrnmnUi,  possibly  but  orgauiz 
thrombi,  and   fi/xnnain   have  been   described.     The   latter  is  ex- 
eeiMJitigly  raiv,  and  is  usually  associated  with  uiultiple  li]iomata  ia 
otiicr  i)art,s  of  the  brain.     A  dermoid  cyM  h;w  Ix-en   reporte<l  hf 
Lebert.     Eadothflioiiutta  may  sjiring  from  the  lymphatic  space 
They  arc  small,  white,  infiltrating  growth.";,  of  firm  eonsistencyj 
They  possess,  niicrosf.npiailly,  the  ordinary  alveolar  structure,  th« 
cjivities  being  lined  by  endotiielial  cells,  which  have  proliforatodl 
and  niny  lie  loose  in  or  fill  up  the  lumen.     Degenerative  changi-i 
in  the  stroma  or  in   the  cells  themselves,  (xjrticiilarly  of  a  hyalnid] 
nature,  are  very  common  in  these  tumors.    Eplllielioinain  may  ari.-* 
from  the  epithelial  covering.     Two  varieties  have  Ix'cn  deseril)e<i: 
the  impilloiiuitoim  epithelioma  is  a  small,  oft*'n  microscopic,  tumor 
that  ap])ears  as  a  villous  outgrowth  upon  the  surface  of  the  plexus, 
and  is  comjxised  of   flat  or  jwlygonal   epithelial  cells,  with  dis- 
tinct evidence  of  proliferation  that  may,  in  the  lower  layers,  cau.s«i 
a  breaking  through   of  the  basement-membrane.     These   tumors,! 
however,  are  apparently  non-malignant.     The  so-calle<l  cylimiric'alj 
earcinomata  also  (X'cur.     These  grow    very  nipidly  and    usmilly] 
become  attached  to  the  wall  of  the  ventricle,  and  fi-om  this  sitiia- 
ti(ju    invade   the   substance  of  the   brain.     They  are   alveolar  ia| 
structure  and  soft  in  consistency.     There  is  some  doubt  a*  to 
whether  these  tumors  do  not  arise  from  the  ependyma,  and  it  has] 
also  been  suggested  that  they  are  sarcomatous  m  nature  and  sprinj^ 
from  the  adventitia  of  the  blootl-vessels.     They  are  usually  sinifle 
growths  and  do  not  give  metastases.     The  choroid  plexus,  as  aJ 
whole,  may  be  altered,  by  the  presence  of  cysts,  into  a  mulberr*'-! 
like  mass,  or  by  a  general  fibrous  change,  into  ji  |)ale,  solid  boay 
of  cylindrical  shape  with  a  finely  granular  surface. 
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THE  VENTRICLES. 


^m^     DL 

■  The  cerebrospinal  flaid  is  a  clear  liquid  with  a  speciiio 
gravity  of  about  KJOK,  :i  wligiitly  alkaline  reaction,  and  a  fiiint  salty 
taste.  TIk'  Hiiid  i)l)t!iiii(>d  from  a  calf  was  ciin-iully  stiidicd  fiy 
Nawnitzki,  and  it  was  found  to  eontnin  \.H\Kl  jiir  cent,  of  solid 
material,  t)f  which  about  t(.S  per  cent,  was  organic.  The  avemge 
Qiiaiititv  of  albumin  was  U.(*2  per  cent.,  just  sufficient  to  cause  a 
elight  oijalesceuee  ufKm  boiling.  The  .sjimc  author  has  als(^  ex- 
amined the  cerebrosjiina!  fluid  in  human  beings,  anil  Hiids  that  it 
is  ven,'  similar  in  conipositinu,  with  the  exception  of  the  grcatiT 
proportion  oi"  albumin,  which  at  times  reaches  0.177  jier  cent. 
Fresh  cerebros]iinal   fluiil   from  either  man  or  the  lower  animals 

» contains  a  small  proportion  of  grape-sugar,  equivalent  to  between 
0.17  and  0.27  per  cent.  Acconling  to  Ilalliliurton  and  Hanimer- 
stcn,  the  reducing  sulistanee  is  not  sugar,  but  brenzcatechin.  This 
reducing  sub.>}tance  invariably  disappeai-^  \vithii»  a  lew  hours  after 
death. 

Pathologically  the  fluid  may  shois-  the  following  changes.  The 
color  may  become  yellowish  from  the  admixture  of  bloiKl,  or  turbid 
from  the  admixture  oi'  jnts.  Micro-orgsiuisnis  are  frequently  found 
in  it  in  all  forms  of  meningitis,  but  jxirticularly  in  epidemic  ecrebro- 
((jiinal  meningitis.  It  must  not  be  forgotten,  however,  that  in  the 
late  stages  ol'  thi.s  and  in  the  early  stages  of  meningitis  due  to  the 
tuberele-baeilhis,  the  fluid  may  be  clear.  Nawratzki  ob.>rerve<l  a 
considerable  increase  in  the  ntnount  of  albumin  as  the  only  change 
in  a  ease  of  hemon-hagic  pachymeningitis.  Microscopic  exam- 
ination, even  in  normal  cerebrospinal  fluid,  usually  shows  the 
existence  of  some  blomlHlises  and  leukocytes.  In  pathologic 
changes  a  greater  or  less  number  of  pus-eelts  may  be  present, 
and  often  ther<>  i.*  a  considerable  amount  of  flbrin. 

Hydrocephalus. — Exces.H  iu  (|uantily  of  the  cerebrospinal 
flui<l  in  the  ventricles  is  known  as  bydroeephalus.  This  may  be 
pro<luee<l  by  a  great  variety  of  causes.  It  may  lie  congenital,  and 
perhaps  due  to  a  malformation,  but  is  more  often  a  result  of  dis- 
ease. Congenital  hydrocephalus  frequently  ajtpcars  to  be  due  to 
some  defect  on  the  part  of  the  parent,  and  is  jwrticularly  common 
in  the  children  of  drunkards. 

Congenital  hydrocephalus  intemus  is  characterized  by  a  gnulual 
aceumuIatiiHi  of  cerebrospinal  fluid  in  the  lateral  and  thinl  ven- 
tricles of  the  brain,  probably  the  result  of  exces.«ive  secretion 
from  the  clioroid  plexus  (Fig.  354).  A.»  a  general  rule,  the  fourth 
ventricle  is  not  involved.  The  a«piedLiet  of  Sylvius,  however, 
is  often  dilated.  Sometimes  the  fifth  ventricle  is  distended,  or 
the  septum  has  atrophied  an<l  disappeared,  allowing  free  comnui- 
nication  lietween  th<'  two  lateral  ventricles.  Less  frequently,  the 
infundibulum  is  di.stended  and  forms  a  small  sac  at  the  base  of 
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the  brain.  Usually  the  disoiise  is  nianit«-st  at  liie  time  of  birth, 
and  the  head  may  even  at  tliis  jx-Tiod  luive  attuiiied  the  circum- 
ference of  more  than  50  cm.  Extfmally,  the  head  is  spherical 
and  large  ;  the  face  is  small,  and,  with  the  bulging  furehead,  give« 
to  these  ))jitientj4  a  ehanicteristic  expression.     The  cranial  bones 

are  usually  more  or  less  sepirated  ;  fre- 
quently the  e<lgfs  of  the  sutures  are  an 
inch  or  more  apart.     The  anterior  fon- 
tanelle  is  large  and  usually  bulging.    If 
the  bones  of  such  a  skull  be  examined, 
it  will  usually  be  found  that   they  are 
ver\-  thin,  and  that  ossification  is  in- 
complete.    The  dun  mater  is  tea*, 
and    beneath    it    may    be    tbund    tlie 
greatly  flattened   convolutions.      Tlif 
l)niiu-substiince    seems    softer;     often 
there  is  distinct  fluctuation,  although 
the  brain  collapses  as  soiin  as  it  is  re- 
moved from  the  cranial  cavity.     The 
distjince  from  the  wall  of  the  ventricle 
to  the  surface  is  much  less   tlian  nor- 
mal, this  atrophy  seeming  to  affect  the 
white  substance  more  than  in  the  cor- 
tex.     The  total  weight  of  the  brain, 
however,  is  often  normal  or  nearly  so, 
and  it  is  impossible  to  sjiy  that  an  act- 
ual   atrophy   has   really   taken   place. 
The    suljstance  of  the    brain    is   pale, 
probably  as  a  result  of  the  pn-ssun', 
and  often  softeneil,  particularly  in  the 
neighborhood    of  the    ventricles,  al- 
though this  is  probably  only  an  unusually    rapid    post-mortem 
change.     The  floor  of  the  ventricles  raav  be  smooth  or  slightlv 
roughened,  and    occasionally  distinct  noilules    may  be  observc«i. 
In  the  latter  case  there  is  usually  considerable  pniliferation  of 
the  neuroglia   in  the    cortex,  and  just  beneath  the  floor  of  the 
ventricle  a  sort  of  sclerosis  of  the  brain-substance.     The  cere- 
brospinal fluid  is  usually  clear,  and  not  abnormal  in  consistency. 
Occasionally,   however,   it   is   somewhat  turbid,   particidarly  if 
there  are  any  signs  of  old   inflammatory  action.      The  (-horoid 
plexus  is  oiU-n  somewhat  enlarged,  pale,  and  may  contain  evst^ 
As  the   patients    increase   in    age    there  is   usually    consitli-rahle 
increase  in  size  of  the  head  ;  nevertheless,  the  convolutions  grad- 
tially  become  more  rounded,  and  the  white  sub.<tance  ap) tears  to 
undergo  a  .sort  of  redevelopment,  for  the  layer  of  brain-tissue  be- 
tween the  ventricle  and  ttie  surface  becomes  thicker.     Systemic 
degenerations  of  the   white  fibers  are  uncommon.      Tlicre  may, 


Fir..  :!'><.— CiingenlUl  InUsrnal 
hyjroci'philiif,  witli  niarkvd 
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owevcr,  be  markeil  tliiuniiig  of  the  corpus  fallosiim  and  the  ante- 
rior conimissiin.'.  Curics  have  been  dt'serihcd  in  which  a  descendiug 
degencnition  along  the  [nmniidal  eidunins  was  fimnd  in  the  cord. 

Partial  hydrocephalus  has  liecn  dewerihed.  It  is  jtnthahlv,  in 
the  great  majority  of  cases,  of  congenital  origin.  It  may  affect 
only  one  ventricle,  or  even  only  a  part  of  a  ventricle,  as,  for  ex- 
ample, the  anterior  or  post<'rior  horn  of  one  of  tlie  lateral  ventri- 
cles. It  aj)jR'ars  to  Ijc  the  result  of  an  obliteration  of  one  of  the 
normal  pas-sages  by  wliieh  the  ventricles  couinamicatc  witli  one 
anotlier. 

External  hydrocephalus  is  the  aceunuilation  of  fluid  that  oc- 
curs in  the  subarachnoid  space  to  re}>lace  bniin-tissue  that  has  nn- 
dergone atrophy,  or  to  fill  the  cavity  of  jioreneejdialy.  Occasionally 
svtnmetrical  eollectiims  of  tiipiid  are  t'unnd,  as  in  a  brain  that  I 
removed  from  an  idiot,  in  which  lioth  teinporosphenoidal  lobes 
were  excavated  and  rejilaeed  by  large  cysts. 

Acquired  hydrocephalus  may  be  either  acute  or  chronic.  The 
acute  forms  are  usually  secondary  to  inflannnatory  changes  in  the 
meninges,  extending  to  the  choroid  plexus  and  to  the  epcndyma, 
or  are  caused  by  some  abnormal  growth  |n'essing  npon  the  veins 
of  Galen.  In  t!ic  atrophic  brains  of  the  aged  dilated  ventricles 
are  frequently  found. 

Acute  acquired  internal  hydrocephalus  is  usually  the  result 
of  actite  basilar  meningitis,  (ntlier  inflannnatory  or  tubercnbnis. 
The  brain,  in  aihlition  to  the  meningitic  changes,  presents  all  the 
characteristics  of  intense  intracranial  pressnre.  The  convolutions 
are  flattened  and  pale.  The  Itniin-tis.sue  is  usually  soft,  or  at  least 
solans  rapidly  after  death,  particularly  the  [lart  that  surrounds 
the  distended  ventricles.  Upon  opening  the  brain  the  fluid  is 
usually  fotmrl  under  considerable  pressure,  and  often  almost  gelat- 
inous inconsistency.  Frequently,  niicros<'opic  examination  of  the 
brain-substance  will  show  the  presence  of  acute,  dissenTinated, 
suppurative  encephalitis.  The  ependytna  of  the  ventricles  is 
injected  and  often  covered  with  lymph.  In  the  tubercular  form 
it  may  be  roughenwl,  as  a  result  of  the  ]>reHence  of  numerous 
miliary  tubercles.  The  choroid  plexus  is  injected.  In  the  acute 
forms  it  also  has  sfime  lymph  upon  tlie  suri'ace,  and  in  the  tuber- 
cular form  may  contain  miliary  tubercles. 

Chronic  hydrocephalus  is  usually  a  late  result  fif  meningitis, 
partit.'ularly  the  epidemic  form.  Occasionally  it  is  the  result  of 
gradual  compression  of  the  veins  of  Galen,  as,  for  example,  by  a 
tumor  of  the  cerebellum.  Perhaps  most  frequently  it  is  tlie  result 
of  a  chronic  granular  ejwndymitis.  In  these  eases  the  distention 
is  more  pronounced  tliiin  in  the  acute  form.  The  epcndyma  is 
thickenefl  and  opaque,  and  often  contains  .small  hanl  mnlulas. 
Occasionally  bands  of  organized  fibers  may  be  found  in  the  cavity 
.of  the  ventricle. 


816 


TEXT-BOOK  OF  PATHOLOGY. 


Bpendymitis  may  be  chrome  or  acute.  The  acute  form  la 
always  setxnulary  to  meningitis,  and  is  characterized  by  prolif- 
eration of  the  ependymal  cells  and  the  usual  inflammatory  changes. 


^^5!^ 


Fio.  355.— Sclerotic  nodule  In  the  floor  ui   ...v.  — :til  Tentrlcle,  with   wrinkling  of  i 
ependjma;  x  IW  tcsailer). 

Chronic  ependyraitis  is  usually  a.ssociated  with  sclerosis  of  the 
brain.     The  surface  is  granular  or  even  no<lular.     The  cpendyina 


Fio.  SM.— Sclerosla  of  Uie  bi«ln;  XXO. 

18  throMm  into  folds,  and  there  is  great  proliferation  of  the  sub- 
ependymal neurogliar  fibers  (Figs.  355,  356). 

THE  PITUITARY   BODY,  OR   HYPOPHYSIS  CEREBRI. 

The  hyjjophysis  is  a  small  glandular  organ,  situated  at  the 

of  tlie  brain,  lying  upon  the  upper  surface  of  the  bodv  of  tl 
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sphenoifl  iKinc,  and  fiirtluT  pnitwfcil  posteriorly  by  a  ivall,  forni- 
iug  a  cavity  wliifli  is  known  as  the  nclln  turcica.  It  varies  slightly 
in  size,  the  average  weight  in  the  adult  being  from  0.59  gm. 
(Schonemann)  to  0.48  gni.  (Conite).  It  reaches  its  niaxinuim 
between  twenty-one  anil  torty  years  of  age. 

TLo  hypophysis  is  a  double  organ,  developed  from  the  central  nervous 
system  and  from  the  alimentary  canal.  The  nervous  part  originates  from 
the  inidUle  ]>riiiiary  ccn'bral  vesiek.'  as  an  evagiuatitm  from  the  cavity. 
This  form.s  tlie  infundibuliini  ami  the  Mnall  |)o»terior  lohe.  The  larger 
anterior  lobe  apjiean*  to  arise  I'miii  two  sources,  one,  tiie  primitive  oral 
ti.4sue  in  early  embryonal  lilV,  and  the  otiier  the  anterior  portion  of  the 
aliiueotury  ranul ;  hotli  portions  become  contracted  at  their  origins,  fuse, 
and  are  ultimately  separated  from  the  aliitu'iilary  canal,  allhuitgh  this 
separation  is  not  complete  in  some  of  the  lower  vertebrata.  Histolngt- 
cally,  the  organ  may  be  divided  into  three  parts:  the  anterior  portion  of 
the  anterior  lobe  is  composed  of  somewhat  jinlygonal  epithelium-cells  en- 
closed in  alveoli,  whose  walls  an-  made  U[>oftibrou»  connective  tissue.  These 
groups  of  cells  are  very  irregular,  although  sitnielinies  they  are  arranged 
about  the  periphery  of  tlic  cavity,  Iciiving  in  the  center  a  small  lumen, 
which,  more  frequently  than  not,  is  filled  with  an  oxyphilic  homogeneous 
mass  that  is  supposed  to  be  colloid.  Tlie  amount  ol  connective  tissue  is 
nsually  relatively  sniiiU,  and  it  contains  a  considerable  [irojiortion  of  cells 
fitB  compared  with  connective  tissues  of  other  parts  of  the  body,  and  is  ex- 
ceedingly vascular.  The  cells  are  of  two  kinds,  the  chroniophilic  and  the 
chromophobic.  The  former  are  further  divided  by  Comte  into  the  co.sino- 
philic,  in  which  the  protoplasm  stains  deeply  and  homogeneously  with 
eo«in,  and  nsually  contains  vncuolcs;  and  tlie  cyanophilic  cells,  in  which 
the  protoplasm  cidors  dark  blue  with  hematoxylin,  and  rarely  contains 
vacuoles.  The  protoplasm  of  tlie  chromophobic  cells  does  not  stain.  Some 
authors  consider  that  these  di.stinctions  are  not  morphologic,  hut  only  indi- 
cate that  the  different  cells  are  in  difl'erent  stages  of  secretory  activity. 
The  posterior  part  of  the  anterior  lobe  usually  contains,  in  man,  a  smali 
bilobed  cavity  lined  with  cylindrical  ciliated  ejiithelium.  In  addition, 
there  are  also  a  few  larger  cavities  lined  by  columnar  or  polygonal  epi- 
thelium, and  usually  filled  with  colloid  material.  The  jiosterior  or  nervous 
lobe  consists  of  neuroglin-tissue,  and,  according  to  Berkeley,  a  few  ganglion- 
cells  containing  an  excess  of  pigment,  and  some  varicose  fibers  may  be 
found  in  it.  Kiilliker.  however,  denies  that  there  is  any  nervous  tissue  at 
all  in  the  posterior  lobe,  and  has  been  able  to  find  nothing  but  neuroglia. 

From  its  analogy  in  striteture  ti»  tlie  tliyroi<l  plund,  it  lias  been 
supposed  that  (he  fniu'tinn  of  the  pituitary  liody  is  to  abstract 
some  material  from  the  bltxHl,  to  alter  it,  atui  tlien  (o  return  it  to 
the  circulation — that  is  to  say,  it  is  one  of  the  internal  secretory 
gland.<3.  Pronoiineed  eluuiges  following  its  removal  or  destruction 
cannot,  however,  be  s;iid  to  have  lir^en  definitely  established.  If 
we  can  believe  the  a.*serti<ins  of  (li<ise  wlm  have  systematii-ally 
examined  large  numbers  ol'  tlu'se  bodies,  a  normal  gland  is  the 
exception  ;  thus,  iS'lii'memanu  f'nund  onlv  27  normal  specimens  in 
110  eases,  and  Comte  33  in   108. 

H3rpertrophy  of  the  hypophysis  occurs  in  cretinism,  myx- 
eflema,  and  acroiiieg:ily.  In  some  of  these  ca.ses  the  livjiertrfiphy 
is  due  to  tumor-formation  ;  in  otliers,  particularly  in  tho.se  occur- 

52 


818  TEXTBOOK  OF  PATHOLOGY. 

ring  as  a  result  of  removal  of  the  thyroid  gland,  it  appears  to  be 
compensatory,  or  rather,  as  the  functions  of  this  gland  and  the 
thyroid  cannot  be  exactly  identical,  at  least  vicarious.  This  en- 
largement, often  apart  from  tumor-formation,  may  be  very  con- 
siderable. De  Conlon  records  a  case  in  which  the  hypophysis 
weighed  1.55  gm.,  and,  aside  from  an  apparent  proliferation  of 
the  epithelium-cells,  was  normal  in  structure. 

Cu-culatory  Disturbances. — ^The  gland,  as  ha.s  been  men- 
tioned, is  excessively  vascular.  It  is  possible  that  in  some  cases 
this  vascularity  may  increase  and  give  rise  to  a  true  hyperemia, 
althougli  it  is  difficult  to  be  certain  of  this.  Changes  such  as 
are  found  in  the  thyroid  gland  in  exophthalmic  goiter  have 
certainly  not  been  described.  In  case  of  passive  congestion  re- 
sulting from  thrombosis  of  the  cavernous  sinuses  intense  edema 
may  be  present.  Hemorrhage  in  the  gland  is  a  frequent  agonal 
phenomenon.  In  these  cases  the  blood-cells,  usually  normal  in 
appearance,  are  found  infiltrating  the  connective-tissue  stroma. 
Hemorrhages  during  life  may  occasionally  occur,  and  give  rise 
to  small,  deeply  pigmented  areas  of  softening,  which  ultimately 
form  scars. 

Inflanunatioil  is  usually  secondary  and  suppurative.  I  have 
ob/servetl  a  case  in  which  the  anterior  lobe  was  infected  from 
the  parotid  gland,  probably  as  a  result  of  ascending  infection 
along  the  retropharyngeal  lymphatics.  In  this  case  the  capsule 
enclosing  the  gland  was  inflamed,  and  there  were  small  collections 
of  round  cells  in  the  substance. 

Degenerations. — Infiltrations  with  either  calcareous  mate- 
rial or  pigment  have  not  l)een  hitherto  describe<l.  The  degenera- 
tions, however,  are  numerous.  The  most  important  and  frequent 
is  citlloid  degeneration,  the  colloid  material  being  found  in  the 
cavities  of  tlic  epithelial  nests,  or  even  as  small  masses  in  the  con- 
nective-tissue septa.  This  may  be  looked  upon  as  almost  physi- 
ologic. It  swrns  to  lie  incrcjised  in  those  conditions  in  which  we 
have  R'ason  to  susj>ect  increased  functional  activity  of  the  glands; 
but  also  is  more  pnmouncctl  in  cases  of  partial  atrophy.  Amt/loid 
degenenition  occurring  in  the  blood-vessels  has  been  observed  in 
cases  of  irenonil  amyloid  disease.  The  walls  of  the  blood-vessels 
frequently  uudei^>  hyaline  degeneration  in  old  age. 

A  sort  of  cheesy  or  liquefactive  necrosis  is  also  observed  in  the 
center  of  adenomatous  formations,  and  is  probably  due  to  pressure- 
uicrosis,  as  a  result  of  the  limited  space  in  which  the  hypiphysi? 
i»  pliici'il. 

Infectious  Diseases. — Of  the  infectious  inflammations,  the 
only  oiu'S  <«t"  ini|>ortance  are  tuberculosis,  in  the  form  of  miliarv 
tnhiTclc-,  and  .tvp/ii/i.'~\  in  the  form  of  gummatous  nodule?.  Oiva- 
sionally  a  larsje  sinsjle  srumma  has  been  obsen-ed. 

Tumors   art>   jHrhaps   the   most    interesting  and   important 
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changes  tliat  occur,  anJ  tliere  is  still  considerable  ilifference  of 
opininn  regardinf?  tlieir  niiture. 

Cr/Kts  art'  very  eniniiKm,  jiarticiilarlv  a  form  of  cystic  dt-gfiiera- 
tion  with  distention  of  the  follicles  liy  colloid  siibstimce.  These 
are  almost  normal  in  old  age,  the  only  interesting  feature  hcing  the 
atrophy  and  dis;i|)])e;ininee  of  the  eiiitiielial  cells,  Tirattiid  eyste 
have  been  described,  but  are  nuich  less  frecpient  than  woulil  be 
expected  from  the  complicated  eniljryology  of  the  glaiul.  Of  this 
nature  is  the  mifonairoma  deseribed  by  White. 

Of  the  malignant  tumoi-s,  the  only  uue  hitherto  described  is 
the  Hai-foitin.  Tiiis  is  usually  mundn'ell  or  spindle-cell  in  type, 
and  apjKirently  springs  fntni  the  eapsnie  of  the  gland  and  re|)laee8 
its  substance,  but  rarely  intiltnttes  tlie  surniunding  tissues  or  gives 
rise  to  nietastitsis.  Cases  have  been  rejjorteil  as  hjmjtJKmii-roma  in 
which  there  were  uumerons  collections  id'  round  cells  in  the  alveoli 
of  the  connective  tissue  aiul  some  hyp<'rlrM])hy  id'  the  latter  ;  appar- 
ently, however,  no  otiier  lyni|iluitie  nrgaus  were  involved. 

.-I'/'viomr/ of  the  iiytiojihysis  causes  increase  in  tlu'  size;  the 
organ  remains  soft  or  may  be  sliglitly  induratetl,  and  is  of  normal 
color.  Tlie  n-sistance  of  the  bony  strnetures  that  surnnmd  it  may 
cause  the  gland  tt>  assume  extraitrdinary  shapes.  Microscopically 
there  is  prolifenitiou  of  the  epithelium-cells,  \\  Inch  form  long  tor- 
tuous and  ,<<inH'tinies  bninehed  tubes,  anil  ed'ten  com|ilete  atrophy 
of  the  ntTVous  lobe.  These  tuuinrs  have  been  de.^eribed  partien- 
larly  in  cornieetiou  with  the  disease  known  as  acromegaly. 

iPathologic  Physiology. — The  relation  of  disease  of  the 
hyjwphysis  to  acromegaly  is  a  much  dis|)uted  qne.'-tion,  In  all 
cases  that  have  hitherto  come  to  autopsy  the  hypo|(hysis  hiis  been 
found  rliseascd  and  in  all  but  oui%  enlarged.  In  view  of  the 
analogy  iifstructun'  lietween  the  !iy|ni])hysts  and  the  thyroid  gland, 
and  the  certain  etiologie  relation  of  disense  of  the  latter  to  myx- 
etlema  and  cretinism,  it  was  at  first  assumed,  almost  without  rpics- 
tion,  that  acrotuegaly  was  caused  by  disease  of  the  pitnitnr\'  b(Kly. 
Many  eases  buve  been  re|>()rted  in  whieii  there  was  disease  oC  this 
gland  witlutut  any  synipt<iuis  td"  aernniegaly,  and  a  certain  degree 
of  generjd  splauehiu)rnegaly  lias  been  ol)served  in  aemmegaly.  It 
is,  of  course,  possible  tliat  the  enlargement  of  the  pituitan-  is  sim- 
ply a  part  of  the  latter  conditiiiu.  Ttu-  thyroid  gland,  hoAvever, 
tXocM  not  pjirtakc  of  this  change,  nor  do,  apparently,  any  of  the 
other  secretory  organs,  the  various  enlargements  being  usually  the 
result  of  a  hyjvcrplasia  of  the  lyniphnid  tissue.  Neither  are  the 
changes  of  otder  organs  as  cnustant  as  those  of  the  livjinphysi.s. 
There  is  certainly  no  chamcteristic  lesion  in  the  latter  organ,  for 
nearly  all  forms  of  disease  have  been  described — adenoma,  sar- 
coma, cystic  degeneration,  and  sclerotic  change.  If  acromegaly  is 
the  result  of  disturbed  function  of  the  thyroid  gland,  it  is  probably 
due  to  excessive  rather  than  deficient  functional  activity,  for,  as 
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above  stated,  the  gland  is  usually  cnlarml,  and  pituitary  extrao 
hsis  proven  useless  in  the  treatment  of  tl>e  diseasie.  In  the  abseno 
of  definite  knowledge  of  the  results  of  ex|H>riniental  lesions,  th 
que&tioa  must  remain  at  present  undecided. 


THE  PINEAL  QLAND,  OR  EPIPHYSIS  CEREBRI. 

The  pineal  glan<l,  or  epiphysis  eerei)ri,  is  an  outgrowth  from  the 
roof  of  the  posterior  portion  of  the  anterior  vesicle  of  the  braii^^ 
It8  base  is  soon  constricttrd,  and  it  is  finally  completely  scparateJ^f 
fa)m  the  primary  e^'rebral  vesicle  and  enclosed  in  a  sheath  of  eon- 
nctrtive  tissue  which  is  surruundcd  by  pia  mater.     Histologieaily, 
it  is  found  to  consist  of  septa  of  connective  tissue,  dividing  it  inti 
numerous  alveoli,   in  which   arc   found   epithelial   cells,  .some 
which  are  branched.     It  is  very  vascular,  and  contains  a  plexus 
of   svm|>athctie    nerve-fibers.     The   gland    is    in    all    pmbabilitj- 
wholly  without  function.     It  resdly  is  a  hypoplastic  or  degenerate 
central  eye,  that  is  much  better  developed  in  some  of  the  reptile 
but  cea.sed  to  exist  as  a  functioning  organ  in  prehistoric  times. 

At  all  ages  it  contains  small  calcareous  concretions  (ace-rvulm 
brainr-ttand),  which  must  therefore  be  looked  upon  as  physiologic 
It  is  sometimes  enlarged  in  acromegaly  and  cretinism,  or  as 
result  of  a  hyperplasia  of  the  epithelial  structures,  giving  rise 
adenomatous  or  utriimoiin  formntiom.     As  a  result  of  its  position 
it  may  in  these  conditions  occlude  the  veins  of  Galen  and  prtKlui.'e 
Ijydrocephalus.     Pathologically,  aside  from  the  calcareous  infiltra- 
tion already  mentioned,  hyaline  degeneration  of  the  blo<xl-vesseii 
may  occur.     There  are  usually  signs  of  inflammation,  more  or  1«»1 
marked,  in  ca,ses  of  meningitis,  which  may  even  lead  to  pus-for-f 
mation.     Of  the  tumors,  the  most  imj>ortant  are  probably  mtr-l 
comata  springing   from  the  connective-tissue  septa.     Adenomata' 
may  also  occur.     f]iiKfic  condiliom,  associated  with  the  presence  of 
hair,  cartilage,  and  other  tissues,  liave  been  described. 


CHAPTER    XIII. 

DISEASES  OF  THE  SPINAL  CORD  AND  ITS  MEMBRANES.' 

THE    DURA    MATER. 

Diseases  External  to  the  Dtira  Mater. — Among  the  mi- 
mjr  processes  that  may  occur  externally  to  the  spinal  dura  mater 
fatty  infiltration,  sometimes  associated  with  general  obesity,  butj 
occasionally  found  in  patients  that  are  moderately  emaciated. 

Hemorrhage  may  occur  on  the  external  surface  of  the  dura,  th( 
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hl<Ki«l  heiiif^  fomid  (iistribiitol  in  the  extraduni!  sin-ular  tissue. 
Tlic  usual  canst?  is  triinnattsu),  l)iit  it  may  also  owur  in  convulsive 
Conditions.  Onliiiarily  tlic  lilooil  remains  circiirasoribed  and  forms 
a  .spinal  ficinatonia  ;  randy,  a  fvst  results. 

Diseases  of  the  Dura  Itself. — Most  of  the  ]>atholo}ji(j  proc- 
esses are  st'cnndarv  tn  some  disease  of  the  vertebral  eolnmn.  The 
most  important  is  tulM^reidosijj ;  this  j^ives  rise  to  external  tubercE- 
lons  pachymeningitis,  elianu-leriKed  Ity  a  collection  of  cheesy  ma- 
terial wlueli  may  have  uiider^^oiu'  either  softening  or  necrosis,  or 
else  c-ontiiins  pns-i.-ells.  The  dum  in  the  afl'ectt'd  region  is  iLSually 
cousideraldy  thickened,  and  may  have  upon  its  inner  surfiice  a 
sligiit  amount  of  exudate.  Ttie  character  of  the  lesions  is  not 
(litferent  from  that  of  tidierciiiosis  in  other  serous  membranes 
(Fig.  357). 

Pachymeningitis  cervicalis  is  a  localized  tuberculosis  of  tlie  dura 
mator  occurring  in  the  i.'ervieal  region,  and  characterized  by  con- 
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siderable  thickening,  sometimes  amounting  to  ^  cm.  or  more.  The 
dura  is  nsually  adherent  to  the  spinal  <'anyl  and  to  the  arar'hnoid 
and  pia,  the  latter  sliowing  more  or  less  involven)ent.  The  serious 
changes  consist  of  com]ire.«sion  of  the  mots  anil  of  the  s]iinal  cord, 
the  latter  esjiceialiy  in  the  anterojmsterior  direction.  The  process 
may  extend  into  tlie  substance  of  the  cord  and  priHlncc  a  myelitis 
of  the  p'ri[»herv,  and  oeeasionally  extends  deeper  and  causes  more 
or  less  extensive  seeonilarv  tlegencrations. 

Of  the  acute  inflammations  the  most  important  is  internal 
hemorrhagic  pachymeningitis,  a  process  similar  to  that  o<'curring 
in  the  duni  mut<'r  of  the  Imnn.  It  consists  of  a  layer  of  granuhi- 
tion-tissLie  in  which  many  of  tlu'  capillaries  Jtave  raptured,  giving 
it  a  UKire  or  less  uniform  rcddi.ih  a[ipeacancc  ;  it  is  somewhat 
irregular  in  outline  and  )if  varied  extent,  and  not  infrequently 
adhesions  form   between  the  dura  and   the  arachnoid. 

Syphilis  occurs  either  in  the  form  of  discn>te  gnmmata  or  as  a 
regular  and  ditfiise  thickening  of  the  inner  nienrbr.inc. 

Tumors  from  the  spinal  canal  frcfjuently  invade  the  dura. 
The  most  common  nf  these  is  xtirrmn'i.  This  occasions  consider- 
able thickening  of  th<'  <lur:i,  atid  it  is  often  difficult  to  separate  the 
•liipa  frfim  the  sare(»matous  lx)ne.  In  consei|Uencc  td"  these  condi- 
tions there  may  be  pressure  and  atrophy  of  the  s]unal  cord. 


822  TEXT-BOOK  OF  PATHOLOGY. 

Tumors  of  the  dura  itself  may  be  either  benign  or  malignant. 
Of  the  former,  lipomata,  which  also  occur  in  the  brain,  are  the 
most  frequent.  MyxomaUt  and  fibromata  are  exceedingly  rare. 
Sarcoma  may  be  of  the  round-cell,  angiomatous  or  alveolar  type. 
It  is  usually  irregular  in  outline,  spreading  like  a  fungous  mass 
over  the  suriface  of  the  membrane,  which  exhibits  fibrous  thicken- 
ing. If  small  and  occurring  on  the  anterior  aspect,  it  may  pro- 
duce no  symptoms  whatever.  In  this  situation  it  is  frequently 
secondary. 

In  a  few  rare  instances  melanotic  sarcoma  has  been  observed. 
Not  infrequently  a  granular  sarcomatous  mass  invades  the  cauda 
equina  and  infiltrates  it  for  a  considerable  distance  downward. 
The  nerve-roots  often  fail  to  show  any  signs  of  degeneration,  and 
apparently  no  pressure-symptoms  are  produced.  In  some  cases 
sarcomata  of  the  dura  produce  proliferation  of  the  neuroglia-tissue 
in  the  adjacent  portion  of  the  spinal  cord. 

Upon  the  inner  surface  a  variety  of  tumors  have  been  observed. 
Horslcy  mentions  myxomata,  fibromata,  carcinomata,  and  sar- 
comata. In  rare  cases  ecfainococcus-cysts  have  been  observed,  and 
even  the  cysticercus. 

THE  PIA  AND  ARACHNOID. 

CIRCULATORY  DISTURBANCES. 

Active  hyperemia  precedes  and  accompanies  inflammatory 
changes.  It  is  rarely  seen  post-mortem,  and  in  the  majority  of 
cases  its  existence  can  only  be  inferred. 

Passive  hyi)ereniia  is  very  common — that  is  to  say,  in  many 
cases  the  veins  of  the  pia  mater  are  found  to  be  tortuous  and 
greatly  distended  with  blood.  This  is  usually  due  to  post- 
mortem hypostasis. 

DEGENERATIONS. 

Calcareous  infiltration  sometimes  occurs,  appearing  as 
small,  hard  plates,  rarely  more  than  0.5  cm.  in  diameter,  scattered 
along  the  whole  length  of  the  spinal  cord.  It  is  probably  always 
secondary  to  inflammatory  processes,  as  spinal  syphilis  and  tuber- 
culosis. 

Pigmentary  infiltration  may  occur,  but  is  rare. 

INFLAMMATIONS. 

Acute  inflammation,  or  acute  leptomeningitis,  is  often 
secondary  to  cerebral  meningitis.  It  may  occur,  however,  inde- 
pendently as  a  result  of  local  suppurative  processes,  particularly 
those  of  the  spinal  column.     It  may  be  serous  or  purulent  in 
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character,  and  in  tlu'  hitter  an  L'xtuhitf'  is  Annul  u|n)n  tlu'  iniiiT 
surface  of  the  dura  ami  in  llie  Aiihaniciinniil  >[ta<'i',  <»ft<Mi  exti'iidiiig 
the  entire  lengtlt  of  the  s]iinal  4'rird.  Tlie  iuicn)Sfo]iic  eiianjrfs 
are  essentially  similar  to  those  found  iii  the  niinnhranes  of  the 
hniin.  Involvement  of  the  cord  is,  however,  miirh  nuire  common. 
There  i.s  usually  extensive  round-cell  infiltration  in  the  anterior 
commissun'  antl  small  fori  of  round  cells  seattered  throughout  the 
gray  and  the  white  matter,  espeeially  in  the  latter.  Freiiueutly 
these  can  he  .seen  ti>  surround  a  hlood-ve-^.^el,  hut  this  is  not  aUvay.s 
the  ca-oe,  and  it  is  not  imlikely  that  purulent  material  «»n  enter 
from  the  lymphatics  of  the  pia.  If  death  does  nut  occur,  adhe- 
.«ions  mav  form  lietween  the  dura  and  arachnoid,  but  these  are 
certainlv  exceedingly   uncommon  in  the  cord. 

Chronic  leptomeningitis  is  usually  a.ssociated  with  scle- 
rosi.>»  of  the  s|)inal  cord  ;  thus,  in  loeomfttor  ataxia  the  jiia  mater 
over  the  posterior  column  may  be  opaque  and  slightly  thickened. 
It  may  also  he  consecutive  to  some  of  the  other  intliimmatory 
processes,  and  in  this  J'orm  adhesions  ni.ay  he  I'ound  hetween  the 
tlura  and  anichnoid  (jiarliiimtiiiiigilin  and  articliiiiliK  ailliotini). 

In  cases  of  injury  of  the  spinal  column,  such  as  fnieture, 
caries,  etc.,  in  which  continuous  pressure  is  produced  u])on  the 
dura  mater,  it  becomes  thickened  and  adherent  to  the  bone  and 
may  cause  pressure  upon  the  spinal  cord.  In  these  eases  there  is 
nircly  any  rounit-cell  iutiltration  in  tlic  thickened  dura,  wliich 
consists  almost  entirely  of  fibrous  connective  tissue  and  blood- 
vessels ;  the  latter  have  greatly  thickened  walls. 


INFECTIOUS  DISEASES. 


Tuberculosis  may  occur  in  the  form  of  miliary  nodules  or  as 
small  cheesy  mnsses,  usually  extending  a  slight  distaaice  from  the 
pia  mater  into  the  substanec  of  the  cord.  It  is  disjuited  whether  an 
acute  le|)tomeniugitis  without  miliary  or  cheesy  nodules  may  be 
canse<l  by  this  organism  alone,  hut  this  has  not  as  yet  been  decis- 
ively established.  Sjlitary  tubercles  may  occur  in  any  part  of 
the  spinal  cord.  They  are  rarely  encapsulated.  Tbcy  usually 
consist  of  an  aggregation  of  round  cells  with  vesicular  iniclei, 
and  are  often   Miftened   in  the  center. 

Syphilis  ap|sears  as  a  thickening  of  the  membranes  with  mul- 
tiple gnnimala,  often  projecting  into  the  suhstanee  of  the  cord  or 
extending  to  and  involving  the  dura  mater.  The  vascular  changes 
are  very  characteristic  ;  nearly  all  the  bliMMl-vesstls  exhibit  the 
typical  round-cell  infiltration  and  thickening  of  the  intima  wliieh 
have  been  described  in  the  se<'tion  on  endarteritis  syphilitica.  There 
are  also  a  perivascular  round-ceil  infiltration  and  some  prolifera- 
tion of  the  adventitia.  The  veins  may  also  he  involved,  The 
lumen  of  both  sets  of  vessels  is  usually  contracted,  and  there  is  a 
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grciU  temlency  to  llie  formation  of  thrombi.  In  these  thrombi 
orgjini/jition  may  tai<e  plat-e,  with  the  formation  of  new  hlood- 
voi's'eb.  Tlie  spinal  cortl  may  also  exhibit  various  lesions,  due 
eitlier  to  pressure  or  to  direct  extension  inward  from  the  pia. 
In  congenital  syphilis  the  upper  part  of  tlie  spinal  eoni 
appears  tol)e  more  involved  than  the  lower  part.  In  syphilitic 
leptomeningitis  there  arc  often  extensive  degenerations  of  the 
tracts  in  the  cord.  These  involve  particularly  the  lateral  an<l 
posterior  colimins,  giving  rise  to  a  con)l>ined  sclerosis ;  and,  in 
addition,  there  is  often  a  narrow  band  of  sclerotic  tissue  eDcircliiig 
the  cord  and  lying  immediately  beneath  the  pia. 


ANATOMY  OF  THE  CORD. 
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The  spinal  cord  is  composed,  as  are  the  other  parts  of  the  central  nervouj 
pysteiii,  of  gray  and  white  matter;  the  gray  matter  oceupyinjr  the  central 
part,  and  the  white  matter  being  distributed  around  it.  It  is  of  varj'ing  size, 
Homewhat  broader  and  flatter  in  the  cervical  region  than  ebewhere ;  almi 
circular  in  the  dorsal  region,  and  again  thicker  in  the  lumbar  recion. 
communicates  with  the  rest  of  the  V>ody  by  meann  of  the  spinal  nerv 
which  arise  anteriorly  and  posteriorly  as  roots ;  eight  from  the  cervical 
twelve  from  the  dorsal,  five  from  the  lumbar,  and  five  from  the  sacral  re- 
gion. It  is  surrounded  by  three  membranci*:  the  pia,  adherent  to  it :  the 
arachnoid,  adherent  to  the  pia,  but  not  dipping  into  the  anterior  fi»siir«, 
and  the  dura  mater,  which  is  adherent  neitlier  to  the  arachnoid  nor  to  the 
vertebral  column.  The  gray  matter  is  divided  into  two  parts  by  the  ante- 
rior commissure  and  posterior  septum,  each  part  consisting  of  an  anterior 
born,  a  thick,  roundish  mass,  and  a  posterior  horn,  a  slenderer  projection 
The  lateral  halve-s  are  united  by  the  gray  commissure,  in  which  is  thi'  wntral 
canal  lined  with  cuboidal  epithelium  and  continuous  with  the  fourth  ventricle 
above.  In  the  anterior  cornua  are  found  the  large  niuUipolur  ganglion 
cell.s,  whose  axis-cylinders  pass  out  through  the  anterior  roots  and  end  in 
the  muscles  ;  commencing  in  the  dorsal  region,  there  is  a  group  of  cells  lo 
the  inner  portion  of  the  posterior  horn,  near  the  pray  commissure,  wbicb  ^i 
are  bipolar  and  whose  axis-cylinders  pass  outwanf  to  the  cerebellar  trnct,^^| 
in  which  they  ascend  to  the  verniitbrm  process  of  the  cerebellum.  Tlia^^f 
posterior  roots  are  composed  of  fibers  thjit  originate  in  the  spinal  ganglia  ' 
and  pa-ss  into  the  cord.  These  spinal  ganglion-cells  have  a  single  prrx-ess, 
which  careful  embryologic  investigation  lias  shown  to  be  formed  by  the  fusion 
of  two  polar  jjrocesaes,  that  have  been  brought  in  contact  by  the  shrinking 
of  one  side  ot  the  cell.  This  process  appears  to  divide  into  two  fibers,  one 
passing  outward  into  the  peripheral  nerves  and  usually  terminating  in  the 
sensory  corpuscles  of  the  skin,  the  other  passing  inward  through  the  iio'te- 
rior  root  to  the  spinal  cord.  Lenhossek  believes  that  the  peripheral  fiber 
represents  the  protoplasmic  process  of  the  cell  which  normally  conveys  iiii- 
oulses  i-ellipetally.  The  white  substance  of  the  spinal  cord  is  com|Mj.sed  of 
bundles  of  nerve-fibers  that  have,  for  the  most  part,  a  common  function,  a 
common  mode  of  origin  and  of  termination. 

Anatomically  the  cord  may  be  divided  into  three  regions:  anterior,  lat 
eral,  and  posterior,  although  these  do  not  correspond  to  regions  embryo 
logic-ally  uistinct.     According  to  the  manner  of  development,  it  should  bfl 
separated  into  the  anterolateral  and  the  posterior  regions. 

The  most  important  bundles  of  fibers  in  the  anterolateral  columns  art! 
those  known  as  the  pyramidal  Iniels,  for  the  reiison  that  they  are  cnnlinu- 
atiuns  of  the  pvramiJs  of  the  medulla.  They  originate  in  the  motor  region 
of  the  cerebral  cortex  and,  in  the  first  cervical  segment,  decu^-ite  through 
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the  representatives  of  the  anterior  cornua  to  reach  their  situation  in  the 
lateral  columns.  This  dccussiiticm  does  not  occur  in  nil  of  the  lihers,  miiny 
passing  down  in  the  direct  pyramidal  ccdmnns  and  sonic  without  decussation 
ID  the  lateral  columns.  These  undecussated  fibers  subsequently  cross  to  the 
other  side  through  the  anterior  or  white  coniniissiire.  The  fibers  of  the 
pyramidal  columns  terminate  in  arborizations  which  surround,  but  are  not 
in  contact  with,  the  ganglion-cells  of  the  anterior  cornua. 

The  cerebellar  tract  has  already  been  doscriheil.  Anterior  to  it  and  close 
to  the  periphery  of  the  cord  is  the  so-catlecl  tttilerolafernl  coliiiiin  of  Goicert. 
The  fil)crs  which  form  this  probably  originate  in  the  lateral  groups  or  cells 
in  the  anterior  cornua  and  in  the  cells  in  the  middle  portion  of  the  spinal 
cord.  The  column  increases  in  »i?:e  U|)w;»rd  surd  dcgcuerntes  in  the  same 
direction.  Its  termination  is  unknown.  It  also  contains  fibers  that  degen- 
erate downward,  of  whose  origin  ami  termination  we  are  ignorant. 

The  rest  of  the  anlercdatcral  column  is  composed  ofsliort  libera,  uniting 
diflerent  segnienta  of  the  »j>inal  cord. 

The  posterior  columns  are  composed  of  the  fibers  that  enter  by  the  pos- 
terior roots.  These  fibers  divide  into  two  branches,  one  siscending  and  the 
other  descending,  the  hitler  terminating  in  the  gray  matter  of  the  posterior 
horn.  The  ascending  fibers  may  be  divided  into  two  groups,  the  lateral  and 
median  bundles.  The  fibers  of  the  lateral  bundle  are  somewhat  finer,  and 
evidently  belong  enibryohjgically  to  a  ditferent  period,  because  thev  acquire 
their  myelin-sheaths  later.  They  pass  directly  into  the  zone  of  Liasauer, 
and  thence  into  the  substantia  gelatinosa  of  Rcdando,  and  some  of  them 
terminate  in  arborizjitions  about  the  ganglion-cells  in  the  column  of  Clarke. 
The  fibers  of  the  median  bundle  are  coarser.  They  pass  inward,  then  up- 
ward along  the  inner  side  of  the  posterior  horns,  and  then  become  the 
column  of  Burilarb.  The  median  fibers  from  the  lower  part  of  the  cord 
bend  inward  and  contimie  their  course  in  the  cohimn  of  Goli,  terminating 
finally  in  the  nucleus  gracilis  of  the  medulla  oblongata.  The  fibers  that 
enter  the  cord  in  the  cervical  region  ]ia.ss  upward  in  Hurdacli's  culumn  and 
terminate  in  the  nucleus  cuneatus.  Other  fibers  pass  forward  to  the  gan- 
glion-cells of  the  anterior  cornua,  and  have  been  supposed  to  be  concerned 
in  reflex  action.  Others  decussate  in  the  jmstcrior  commissure  and  then 
pass  upward  in  the  pi>stcrior  columns  of  the  opposite  side.  At  somewhat 
reg:ular  intervals  they  give  otf  at  right  angles  fine  collateral  branches,  which 
pass  forward,  and  .^ome  of  them,  at  any  rate,  end  in  arborization.i  about  the 
ceils  of  the  anterior  cornua  of  the  gray  mutter.  These  are  known  as  the 
reflex  collaterals  of  KiiUiker.  A  small  portion  of  the  posterior  coluinii  just 
back  of  the  gray  coniniis.->ure  appears  to  he  composed  oi  fibers  uniting  the 
different  segments.  I'hysiologically.  the  spinal  cord  may  be  ragardcd  as  a 
series  of  superimposed  centers  which  contain  erlls  sending  or  receiving  im- 
pulses to  or  from  the  periphery,  and  hands  of  fibers  that  unite  these  centers 
with  the  brain.  The  functions  of  these  different  tracts  have  already  been 
discussed  in  the  Anatomy  of  the  Brain.  An  importjint  fuiution  of  the 
spinal  cord  is  the  accomplishment  of  reflexes.  These  are  situated  in  various 
portions,  and  according  as  these  portions  are  intact  or  involved,  the  retlexes 
persist  or  disappear.  By  means  of  the  distribution  of  the  sensory  and 
motor  disturbances  and  the  alterations  in  the  reflexes,  accurate  localization 
of  a  lesion  in  the  cord  is  often  ]io»3ible. 

[It  is  sometimes  convenient  to  identify  the  nerve-roots  in  the  spina!  cord 
for  the  sake  of  locating  lesiimsor  tracing  the  alteration  in  systemic  degen- 
erations. The  most  salistiictory  method  of  doing  this  is  to  cut  through  the 
dura  along  the  anterior  and  posterior  surfaces  of  the  cord.  The  cord  is  then 
stretched  oi:-  at  full  length  and  the  dura  pulled  downward  as  fur  as  the 
roots  allow  it  to  go.  The  root  that  pierces  the  dura  opposite  the  conns  ter- 
minalis  is  the  second  lumbar.  Tlic  lower  cervical  roots  arc  all  of  large 
size.    The  first  dorsal  is  sometimes  smaller,  but  the  difference  betweeu  it 
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and  the  »ecotid  dornal  is  still  more  considerable,  and  this  serves  as  a  eh 
upon  the  previous  eiitiniation.     Faniilinritv  with  the  appearaiu-e  of  the  i 
At  the  dllterent  levels  also  eaables  one  to  locate  sections  with  considenbl* 
accuracy.] 

CONGENITAL  ABNORMALITIES. 

Total  absence  of  the  cord,  ur  amyelia,  can  uuly  txiVt  \n 
aswM^iation  with  aiu'iuipliahis.     It  is  iiuiTcstiiig  to  iioti-  that 
spinal  ganglia  usually   persist.      Partial    abficncc   of  the  tipp 
portion  iHiciirs  in  cases  of  ancncephaly. 

Abnormal  stnallness  is  known'  as  microtnyelia. 
oord  may  Ik-  normal  in  structure,  all  the  elements  beinj;   projx 
tionately    reilneed,   ijut   more  commonly  only  certain    parts 
aflFeoted,  particularly  the  pyramidal  columns,  as  n  result  of  fel 
lesions  in   the  motor  tract. 

Double  cord,  or  diastematotnyelia,  is  usually  localized  j 
one  j)ortion  of  the  cord,  partienhiriy  the  lumbar  region.     Om 
sionally  the  cord   is  completely  divided   hy  a  bony  septum, 
this  case  the  gray  matter  in  either   half  presents   the    norn 
arningement  of  the  gray  matter  in  the  coru. 

Unusual  length  of  the  cord  nuiy  also  occur,  the  conus  i 
minalis  being  in  tlu-;<  <ases  elongated  and  extending  to  the 
of  the  sacrum. 

The  s])inal  roots  nuiy  he  excessive  or  defective  in  number  on  ( 
or  both  sides.     This  usually  occurs  in  the  dorsal  regioti,  the  coq 
monest  condition  being  the  presence  of  eleven  roots  on  one  sidej 

The  oord  may  he  asymmetrical.     This  usually  involves  on 
the  pyramidal  columns,  and  is  due  to  incomplete  decussation. 

Heterotopia  of  the  gray  matter  is  not  infrequent.  This  inav 
consist  of  (louliling  of  one  of  the  horns;  disorganization  of  one 
or  both  horns,  or  fissures  extending  into  the  substance.  Accon 
ing  to  van  Giessen,  the  majority,  if  not  all,  of  these  oases  are  i 
result  of  injiir\'  during  removal,  and  are  therefore  to  be  reganle 
as  artefacts.  This  statement  is,  however,  too  sweeping.  Abno^ 
nial  iiundles,  prtxlueing  heterotopise  and  <liie  to  alterations  in 
nu'dtilia  or  even  higiier  in  the  central  nervous  system,  have  iM-t-o 
foiniil.  Tiiese  aiijH'aranccs  may  also  be  pr<i<luced  by  tunior?'  'ir 
itthcr  conditions  cjiusing  pressure. 

Dilatation  of  the  Central  Canal. — The  central  «uial  ina;jj 
be  dilated,  either  hx'ally  or  throughout   its  whole  length.     Till 
condition  is  ktiown  as  Itydromydiu,  or  htfdrorrhachu^,  and  is  aklff' 
to  hydrocephalus,  with  which  it  is  sometimes  associated.     Heianr- 
rhage  may  take  place  into  these  dilated  canals  and  gives  rise  I 
hcmatoini/i-tid  (rule  iiifni). 

Localized  collections  of  liquid  in  the  subarachnoid  spai-es 
Bometinies  spoken  of  as  In/tfrorrfiachim  ejicrnn. 

Spina  Bifida. — Tiiere  may  be  imperfect  closure  of  the  poste- 
rior processes  of  the  vertebrae,  giving  rise  to  clefts,  which  are  ku"«Tl , 
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as  rachijwhiitis.  If  tlio  iiicml>nim'ri  ()f  tin.'  spinal  mnl  protrude 
through  the  olol't  in  un  iniporfcctly  cliwd  oniial  hi  the  form  of  a. 
«ic  or  hernia,  the  eonditirm  is  called  8])iiiii  hiHila.  In  Mime  e^ise.s  tlie 
skin  i.s  still  ])rescnt,  and  is  often  wivered  liy  an  ahnornially  thiek 
growth  of  hair.  In  other  casea  the  pia  is  the  only  membrane  that 
enters  into  tfie  formation  of  the  wall.  It  is  nstially  thiekeued, 
and  may  be  eoverwl  with  f;;r:iniilMtions.  Sometimes  the  dilatation 
evidently  takes  \Amv  in  the  eeirtral  eaiial,  for  the  siibstanee  of  the 
spinal  eord  may  be  re'eo;j;nis;ed  adhering  to  the  inner  layer  of  the 
pia  mater.  This  condition  is  called  mi/elomrninf/i)Ct'li\  Sninie 
Difidte  usually  appear  in  the  saeral  or  lower  lumhiir  region,  anil  are 
pnjbably  due  to  iin|)erfeet  closure  of  the  vertebral  arelies. 

HYDROMVELIA  AND  SYRINQOMVELIA. 

Hydromyelia  is  a  condition  in  wbieh  the  central  canal  of  the 
spinal  cord  is  dilated.  It  frequently  occurs  in  circiiniHeribeil 
portions  and  is  ap[>arently  without  clinical  significance.  More 
rarely  the  whole  canal  has  a  microsco])ii'  lumen  throughout  its 
entire  length,  partii-ularly  in  cases  of  liydrocejihalns,  altfiough  in 
the  majority  of  eases  of  this  latter  disease  the  spinal  eord  is  not 
involved.  A  patidous  canal  can  Ix'  distinguished  fi-oni  a  patho- 
logic cavity  by  the  fact  that  the  cavity  is  lined  by  the  normal 
cnboidal  epithelium  of  the  ependyina.  Usuully  there  is  a  consid- 
erable collection  of  ej)endynial  cells  in  the  neighborhiHHl  of  the 
central  canal,  and  this  is  more  apt  to  be  the  ease  if  it  is  dilated  or 
otherwise  altered  than  if  it  is  n()nnal.  Occasionally  the  central 
canal  is  double<l.  This  rarely  happi'us  throughout  the  wlude 
length  of  the  cord,  but  is  more  frequently  found  in  a  limited 
portion,  especially  the  lumbar  region.  This  doubling  is  due  in 
some  instances  to  the  oblitcratii>n  of  the  central  ])art  of  a  dilated 
canal  with  its  long  axis  transversely  placed.  Sometimes  a  slit- 
like canal  shows  a  dilatation  in  only  one  part.  Sometimes  the 
lumen  of  the  canal  is  completely  obliterated,  leaving  nitthing  bnt 
a  mass  of  cells  in  the  grav  commissure,  in  the  midst  of  which 
capillaries  may  Iw  observed.  More  distinct  pathologic  changes 
are  the  diverticula  that  oceasimially  spring  from  the  canal.  These 
seem  to  be  most  fre(pieiit  in  the  cervical  anil  dorsal  ri'gions.  They 
usually  extend  downward,  and  are  situated  posteriorly  to  the  gray 
commissure.  It  is  jnissible  that  collections  of  ej)itlielial  cells  from 
the  ependynia  luider  similar  circumstances  may  ibrrn  ma.sses  in  the 
posterior  column  without  distinct  cavity-formation,  although  this 
IS  doubtful.  These  changes  are  particularly  significant  on  account 
of  their  relation  to  the  disease  known  as  syringomyelia  (Fig.  .'$">.S). 

Syringomyelia. — Pathologically  this  is  essentially  a  cavity 
in  the  spinal  cord  that  i*  not  lined  throughout  with  the  c<ilumnar 
epithelium  of  the  cpeudyma.     This  cavity  may  ap]K'ar  as  a  wide 
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clilutiitiiiii  or  iis  ;i  tmriiiw  .slit     It  usually  ixvujiies  the 
part  of  the  conl,  is  fxcpfflinplj  asymnu-triral,  Homctimcs  limij 
entirely  to  one  i«ifle,  and  in  these  cajies  is  nnlinarily  fonml  in 
po8lerit)r  horn  or  on  its  inner  side.     The  cnnl  may  be  unalte 
externally.     The   dura   mater   is   commonly  normal.      The 
and  aRU'hnoid  are  either  normal  or  else  thickeneil  slightly,  I 
change  Ix'inp;  not  unlike  that   fuunil    in   senility  or  in    eases' 
chronic  edema  of  the  membranes.     The  slmjie  of  the  et>rd  roaj 
entirely  normal.     This,  however,  is  rare.     I'sually  there  is  s<i 
asymmetry,  and  frc(|ncntly,  particularly  if  the  cavity  i.s  large,  j 
cord  upon   being  removed  and   lai<l   upon  a  flat  surface  seei 
collapse,  giving  rise  to  the  so-called  riblM)n-ap{H'arance.     Sedj 
through  the  conl  shows  the  existence  of  a  larger  or  smaller  caV 
Hllfd   with    the    proiluets  of  liquefaction-necrosis,   cerebrospl) 
fluid,  or  else  uiore  rarely  with   blood.     .Simetinies    it  aniKiir 
have  ln-en  cmj)ty,  iti  which  case  the  cord  i)robab!v  \va.s  i-ollai 


Fto.  aw.— Hydromyeli*  ipArtly  iHngrnnimiitlr). 

in  the  s[MiiaI  canal,  and  the  space  thus  formed  was  tilled  with 
cerebrospinal  lltiid.  The  .solid  p<u"tion  of  the  cord  is  usually  mhiii- 
what  darker  iu  color,  and  the  distortion  of  tiie  outline  corn-spjniU 
to  the  extent  of  the  process.  The  portions  of  spinal  cord  imt 
involved  by  the  lesion,  and  below  it,  commonly  show  more  or  Irs* 
descending  (^'generation.  In  the  portion  above  the  cavity,  if  it 
does  not  extcn<l  as  fur  as  the  medulla,  some  degeneration  in  the 
])ostcrior  eoluums  is  often  found.  In  many  cjvses,  however,  ImiiIi 
the  a.scendtng  arid  descending  tracts  are  intact ;  at  least  they  apjn^ 
so  to  the  naked  eye.  Microscopic  examination  shows  thai 
cavity  is  boun<led,  .is  a  rule,  by  a  delicate  reticulum  of  nrnn^II 
Sometimes  this  is  lined  with  what  appears  to  be  connective  liss< 
and  is  supposcil  to  be  an  inclusion  of  the  pia  mater.  At  nil 
times  it  is  lined  with  fpendynial  epithelium  ;  occasionally,  u.' 


DISEASES  OF  THE  SPryAL  CORD  ASD  ITS  MEMBRANES.     829 

been  previously  mentioned,  it  may  oontiiin  hlood.  Tiu-  tisstiu  in 
the  neigliborhooil  is  usually  liyperjilastio  iic uro^lin.  The  HIrts  are 
coarse  ;  the  eells  are  sonietinics  swollen,  sometimes  shrunketi,  and 
show  various  signs  of  cuuimcuciiig  degeiierdtion.  Tlu'v  uuiy  be 
numerous  or  few.  The  eonl  in  the  itmiUMliate  ueighljorliootl  may 
show  eurioiisly  few  elumges,  the  gangliou-eells  Ix-iuf;  perfectly 
normal  ami  the  fibers  uninjured.  If  the  eiivity  is  extensive  and 
tlie  proliferation  of  the  neuroglia  eonsidendtle,  this  is  not  usnally 
the  ciL-^e.  An  entire  jiosterior  root  may  be  destroyed,  or  jierhaps 
half  or  more  of  the  spinal  eord,aud  the  nerve-tiliers  in  the  neigh- 
boring eoliuuns  will  be  e.xlensively  degenerated  ;  in  these  cases 
secondary  degener.itifjti  always  oeeurs.  Not  only  the  jiyramidal 
tracts,  but  also  bundles  in  the  posterior  columns  degeneiiite  down- 
ward. In  a  ease  that  I  have  studied  the  coma-traet  of  Sehultze 
was  beautifully  ontliued.  The  nerve-roots  are  also  usually  involved, 
and  there  is  descending  degeneration  along  the  anterior  roots, 
which  may  be  detected  also  in  the  nerves.  The  posterior  roots 
may  show  some  degen<'ration,  but  this  is  rare  and  tlic  cells  of  the 
spinal  ganglia  are  usually  intact.  Sometimes  there  is  consiilerable 
va.scular  proliferation  in  these  portions  of  the  cortis  not  tuilike 
cavernous  change.  Atypical  ibnus  fre^jiiently  occur.  There  may 
be  extensive  gliosis,  witli  sinall  or  no  cavity-formation  ;  or  the 
cavity  may  be  extensive  and  the  proliferation  of  the  neuroglia 
slight.  OcciLsioually  the  cavity  may  comuuuiicate  with  the  dilated 
central  canal,  a  condition  that  has  given  rise  to  the  supposition 
that  it  is  originally  dne  to  some  congenital  malformation. 

A.s  syringomyelia  is  particularly  a  disease  of  the  central  por- 
tion of  the  spinal  cord,  the  fibers  that  convey  j»ain  and  tempera- 
ture-sense are  essentially  involved,  and,  as  a  result,  one  of  the 
characteristic  changes  is  the  dissix'iatiou  of  sensation — that  is  to 
say,  persistence  of  tactile  sensation  or  tliormo-anesthesia  and  anal- 
gesia. In  addition,  as  the  cells  of  the  anterior  cornua  are 
involved,  there  is  degeneration  in  the  muscles  that  they  supply. 

As  the  great  inajnrity  of  all  the  cases  of  Myrinpomyelia  are  .associated 
with  hypt'Tiilii.'iinof  the  ncaruirliar  tissue  of  the  spinal  coni.  it  is  necessary, 
in  order  to  iirulerstand  tlie  varioun  theories  that  have  Ijecn  sujipested  to 
explain  its  origin,  to  briefly  consider  tlie  more  recent  invcstifratinns  in 
regard  to  this  tissue.  It  is  now  estaljlished  that  it  is  ectndernia)  in  ori- 
gin, and  due  to  a  [trolireniliiin  of  the  ependyniiil  cells  lining  the  central 
canal  of  the  spinal  cord  and  the  veiitricl<>s  of  the  hniiu.  In  the  cord  tlieso 
cells  elongate  radially,  and  the  nuclei  shov.'  active  karyokinesis,  cimtinuing 
to  proliferate  until  the  ni-uroglia-cells  are  founil  in  all  parts  of  the  spinal 
cord.  The  cells  lining  the  central  canal  and.  in  the  human  cord,  groups  of 
cells  in  itj«  inunediutc  iR'ighb<irl>oo(l,  remain  culioidal  in  »hnf)e,  and  are 
spoken  of  as  ependymal  cells.  Those  cells  Hirniing  tlie  connective  tissue 
of  the  nervous  system  are  called  nulrori/lri!.'  It  was  formerly  supposed  that 
the  fibrous  portion  of  the  neuroglia  was  due  to  the  interlacing  of  the  numer- 
ous radiating  proto]ihismic  processes  of  the  latter;  although  lianvicr  and 
Chaslin  had  both  suspected  that  the  fibers  were  independent  of  the  cells. 
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Since  the  introduction  of  the  Weigert  and  the  Mallory  staining  metlio 
appears  certain  that,  in  the  human  cord  at  least,  the  neuroglia-libers  fd 
a  networic  independent  of  the  neiirogiia-ceils.     In   regard  t<>  tlie  origin 
these  cells,  it  is  not  certain  that  they  all  develop  directly  from  the  ependyl 
indeed,  it  is  very  likely  that  the  astrocytes  may  themselves  rediviile 
obserx'ations  have  been  made  and  reported  in  which  their  nuclei  conta 
k8r>'okinetic  figures.     Moreover,  the  repeated  proliferation  of  the  ncuro 
in  cases  of  injury  to  the  central  nervous  system  in  ^itHntions  far  reiuo 
from  the  primitive  cpendyma  would  be  nu  argument  in  favor  of  this 
Pathologic4illy,  various  interesting  theories  have  been  sngpesled  to  ace 
for  this  apparently  idiopathic  proliferation  of  the  neurnglia.     Lonho 
believes  that  besides  the  fully  formed  .istnicytes  other  ncuroplia-cells  rea 
throughout  life  in  a  sort  of  latent  condition  and  represent  superfluou.-*  I 
menls  formed  during  embryonal  existence.     These,  lie  believes,  may,  ai 
certain  circumstances,  commenre  to  proliferate  and  give  rise  to  gliosis.] 
certain  amount  of  neurogliar  proliferation  appears  to  be  normal  in  the  na 
borhocid  of  the  central  canal  of  the  human  spinal  cord,  and  hnn  already  I 
described  in  the  discussion  of  liydromvelia;  in  some  cords  it  mav  n 
a  very  e.Ttreme  degree,  often  causing  obliteration  of  the  central  CHnal.  wfl 
place  is  then  taken  by  an  irregular  group  of  cells,  in  the  midst  of  wf 
blood-vessels  may  be  found.     Of  the  various  theories  that  have  been 
eestiH],  the  most    important  is  that   of  lymphatic  or  venous    congest) 
united  upon  the  general  dilatation  of  the  perivascular  spaces  in  all  insta 
of  gliosis.     Cases,  however,  do  occur  in  which  this  dilatation  of  the  lyr 
spaces  does  not  exist.     A  more  widely  supported  theory  is  that  of  con^on^ 
dislocation  of  some  of  the  ependymal  cells  of  the  central  canal,  eithe 
the  form  of  diverticula,  or  as  solid  plugs,  or  as  wholly  separated  cavities, 
many  of  the  cases  of  syringomyelia  such  ependymal  cells  are  found  lio 
the  abnormal  cavity,  and  in  some  cases,  as  has  been  state<l,  the  *yriii 
myelic  cavity  cominunicati-s  with  that  of  the  central  canal.     Accordin)| 
this,  syringomyelia  is  only  a  pronounctnl  modification  of  hydromyelin. 
theory  is  particularly  supjiortcd  by  HolTmann,  who  draws  a  distinctionj 
the  hvjierplasia  between  gliosis  and  gliomatosis;  the  former  rcprew^ntl 
proliferation  of  the  ependymal  cells,  and  the  latter  being  a  neoplastic  for 
tion,  giving  rise  to  elongated  tumors  with  increase  in  the  size  of  the  sp 
cord. 

Schlcsinger  also  believes  that  the  hyperplasia  commences  in  the  ep 
dymal  cells,  and  that  congenital  anomalies  play  a  large  part  in  their  eti 
ogy.  !*axer  suggests  that  the  neuroglia-cells  may  have  retain  ' 
their  emhryologir  properties  and  be  capable  of  proliferating.  \' 
ilisbelieves  emphatically  in  the  theory  of  softening  of  the  glin~i~.  - 
that  the  gliosis,  if  it  exists  at  all,  is  possibly  secondary,  .\niong  the  ot] 
theories  are  those  of  softening  after  traumatism  or  the  result  of  angioU 
tous  degeneration  of  the  blood-vessels.  Oerlach  haa  reported  a  ca'»e 
which  the  cavity  appeared  to  be  lined  with  pia  mater.  It  is  certain  th 
in  the  great  majority  of  cases  there  is  true  proliferation  of  the  neurogU 
tissues,  the  cells  being  increased  in  number,  and  the  fiber*  coarser  and  fornill 
B  wide-meshed  network  around  the  canal.  A  true  gliomatoiis  formatf 
may  also  occur,  and  it  is  not  unlikely  that  syringomyelia  is  mtber  a 
drome  than  a  pathologic,  or  at  least  an  etiologic,  entity. 


CIRCULATORY  DISTURBANCES. 

Diseases  of  the  walls  of  the  blood-vessels  are  sim; 
to  those  oc-fiirring  it)  tin-  bliMKl-vi'sst'ls  of  tljc  other  pjirfs  of  ti 
body.     Extt'iisivo  iithcroiiuitous  oliangcs  are  reliitivcly  rare.    Pe^ 
haps  tlie  most  frc'{{uent  disease  is  hyaline  degcneratioH.     Hvul- 
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ine  dogL'ncration  is  exceedingly  common  in  oises  ot'  sclerosis, 
and  may  rxnir  in  early  lite,  even  in  cliikllirHxl.  It  is  almost 
invariably  jjresent  in  the  cords  of  persons  dying  after  middle  life. 
Round-i-ell  infiltration  of  tlie  intima  (rndarh-rifia)  occurs  in  syph- 
ilis, and  alsi),  tlniui;h  less  frequently,  in  tuhercnlosis.  Fibrous 
thickening  of  the  intima  and  proliferation  of  the  connective  tissue 
of  the  adventitiii  are  common  senile  <;lianges. 
I  Attention  has  been  recently  directed  mnre  piirticularly  to  these 
"changes  on  account  of  the  suggestion  by  lledlich  that  they  are  the 
anatomic  ba.-is  of  pandysis  agitans,  Aceoniiag  to  him,  the 
cliaracteristic  changes  are  i-ndarteritis  and  periarteritis,  with  exten- 
sion of  the  latter  [)riicess  into  the  surrontiding  nerve-substance 
and  the  torination  of  perivascular  insidar  scleroses.  In  addition, 
there  is  often  some  degeneration  in  the  |)osterior  columns,  and 
occasionally  in  the  lateml  columns  in  the  cervical  and  Inmlwr 
enlargements.  The  vascular  changes,  curiously  enough,  appear 
to  be  more  severe  in  the  [losterior  Imrn-i  than  in  the  other  parts 
of  the  cord,  and  amyloid  liodies  are  nearly  always  present  in  tliese 
regions.  However,  in  examining  the  cord  of  a  typical  case  of 
paralysis  agitiuis  I  failed  to  tind  these  lesions,  while  in  another 
case,  equally  characteristic  clinically,  they  were  quite  |>ronounced. 
Fijrstner  has  also  rcjiorted  a  case  of  pandysis  agitans  without 
spinal  lesions.     Kedlich's  views,  therefore,  are  probably  incorrect. 

Milinrif  fiDrnri/HiiiK  are  very  infretpicnt  in  the  spinal  cord. 
Aneurysms  of  the  vertebiid  arteries,  however,  sometimes  inviflv- 
ing  the  commencement  of  the  spinal  liranches,  have  been  rejwjrted, 
but  are  rare. 

Amyloid  def/eneraiion  is  found  in  cases  of  general  amyloid 
disease. 

Active  hyperemia  nf  the  spinal  eord  i.-  rather  a  clinical 
hypothesis  than  a  ]^ath(dogie  entity.  <Miasionally,  however,  the 
gray  matter  seems  to  be  slightly  darker  than  normal,  and  there  is 
rather  free  l)leefling  from  the  vessels  cut  transversely.  In  many 
cases  of  myelitis  the  arteries  and  capillaries  may  he  fnuiid  dis- 
tended with  blood. 

Passive  hyperemia  is  more  readily  detected  in  the  veins  of 
the  membranes  than  in  the  cord  itself. 

Anemia  is  an  important  and  easily  recf>gnized  cundition. 
I^xperimentally  it  has  frequently  been  |>rodnced  by  ligiition  of  the 
abdominal  aorta.  Cases  have  occasionally  occurred  in  human 
beings  in  which  this  vessel  was  occludcHl  by  a  tlirombiis,  giving 
rise  to  similar- changes.  The  cord,  under  these  circumstances, 
is  somewhat  swollen,  pale,  and  soft  ;  not  invariably,  however,  for 
cases  have  been  reporteil  in  which  microscnpically  it  was  entirely 
normal.  The  ganglion-cells,  particularly  those  of  the  anterior 
cornua,  are  most  distinctly  attec'led.  They  exhil)it  usually  the 
laracteristic  features  of  chromolytic  degeneration.     The  proto- 
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plasmic  processes  become  varicoHe  and  sliortened,  ami  tlic  nucleus 
may  be  situated  at  tlie  periphery.  Similar  changes  may  occur  in 
other  portions  of  the  cord,  but  are  exceedingly  rare,  partly  on 
acctmnt  of  the  free  anastomosis  of  the  blood-vessels,  |iartly  h<.'- 
cause  if,  as  sometimes  happens,  throml)i  are  formed  in  tiie  verti:- 
bnil  arteries,  death  occnrs  before  characteristic  changes  have 
time  t(j  develop. 

Varicose  Veins. — Occasionally  a  group  of  vcs-sels  in  one 
part  of  the  spinal  cord  will  be  dilated  and  varicose,  forming 
.«ort  of  plexiform  angioma.     A  condition  of  this  kind  has 
describi'd   by  Edinger.     In  this  ease   the  vascular   plexu? 
evidently  developed  some  time  after  birth,  for  there  was  sni 
degeneiiition   of  the  surrounding  nerve-substance,  an<l  the  ])atii-nt 
had  presented  distinct  clinical  symjUoms  of  pressure  in  the  upper 
port  of  the  cord.     Sin)ilar  angiomatous  formations  are  frequently 
observed  in  various  forms  of  myelitis  and  si-lerosis. 

Hemorrhagfes    may   be  of  two  kinds ;  pnnclatc   and  « 
Bite. 

Punctate  hemorrhages  are  really  nothing  but  pericapillarv  ex 
dations  of  blofKl-cells,  which  can  readily  be  distinguished  fi 
the  drops  of  lilrvod  that  form  at  the  cross-section  of  bliKHl-vess 
by  the  fact  that  they  cannot  Ije  washe<l  off.  It  is  prolvable  that, 
if  death  does  not  occur  at  once,  they  are  in  great  part  absorb' 
leaving  perhaps  a  minute  scar  that  may  be  readily  overlook 
These  minute  hemorrhages  are  perhaps  more  common  in  the  ci 
vical  region  than  elsewhere.  They  are  found  in  the  course  of 
fectious  diseases,  particularly  those  affecting  chiefly  the  nervou: 
system,  such  as  tetanus,  and  especially  hydroplu)l>ia.  Small  agonal 
hemorrhages  into  the  substance  of  the  spinal  cord,  j>articularly  in 
the  region  of  the  centml  canal,  are  not  uncommon.  Oeca-sionally 
these  may  l>e  visible  to  the  naked  eye;  they  are,  of  course,  to 
<listinguished  from  ante-mortem  changes  by  the  regular  form 
tlic  bliMxl-cells  and  the  absence  of  blixxl-jiigment.  They  are  on 
in)|>Mrtaiit  on  account  of  the  ]Kissii)ility  of  their  being  mistaki 
tor  pathologic  changes. 

Massive  hemorrhages  may  be  infiltrating  or  circnmscribetl. 
the  former  the  Idood  is  found  betsveen  the  nerve-fibeis  and  in  tin 
meshes  of  the  neuroglia.     The  nerve-substance  is  usually  more 
less  degenerated,  and  the  lesion  corresponds  anatomically  to  tl 
hemorrhagic    infarct.       Circumscribed    hemorrhages   are    usua 
small  when  compared  to  those  in  the  lirain,  a  circumst.-jncM-  d 
of  course,  to  the  restricted  area  in  which  they  can  occur. 

The  most  common  cause  of  this  foru)  of  hemorrhage  is  trau- 
matism, and  it  may  sometimes  occur  as  a  result  of  coneussiuD 
without  fracttire  of  the  spinal  column.  Hemorrhages  may  also 
occur  in  persons  with  diseased  arteries  as  a  result  of  violent  effort 
or  emotional  disturbance. 
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The  riots  aro  usually  irrogiilarlv  oval  in  /liitlinc,  and  are  often 
surrounded  by  liyi)C'rp!asti(;  neuroglia,  in  the  midst  of  which  are 
found  compound  granular  cells,  and  more  or  less  degenerateil 
nervous  tissue. 

In  tiie  later  stages  the  formation  of  fibrous  tissue  is  npjmrent ; 
capillaries  may  also  Iw  found  l)ending  into  tfie  substance  of  the 
clot,  wliich  eventually  is  absorhetl,  h-aving  a  scar  that  nearly 
always  contains  some  jiigiuent  surroiiuded  liy  coarse-meslied 
neur<.>glia-tis.sue.  Rarely  tin-  pigment  is  absorbed  and  a  cyst  re- 
mains. Occasionally  tlie  hemuri-hagic  focus  is  restricted  to  the 
gray  substance,  the  blixwl  being  found  in  cylindrical  masses. 
This  arrangement  is  due  to  the  fact  that  in  normal  circumstances 
the  gray  matter  is  softer  tlian  the  white,  and  otters  less  resistance 
to  the  extravasatii>n  of  ttie  bloo<l.  In  tliis  case  the  inliltr.ited  area 
soon  be<;omes  fille<I  with  granidar  cells,  the  nerve-fibers  degener- 
ate, and  crystals  of  hematoidin  apjicar. 

Hematomyelia. — 1 1"  the  central  canal  is  dilated  and  contains 
blood,  the  condition  is  known  as  hemat-omyelia.  This  may  occur 
a-s  the  result  of  traumalisin  or  as  a  result  of  some  vascular  de- 
generation. The  latter  form  is  occasionally  assciciated  with 
syringomyelia,  and  is  found  most  frerjuently  in  the  cervical  por- 
tion of  the  cord.  If  the  hemorrhage  occurred  some  time  before 
death,  the  only  traces  that  persist  will  be  discoloration  of  the 
ependyma,  ami  perhajis  the  adjacent  tissue.  Ilcmorrluigc  may 
also  iH'cur  during  the  death-agony,  in  which  case  the  central 
canal  may  either  be  filled  with  normal  blo<Hl-cells,  or,  if  it  is 
at  all  diiate<l,  there  will  be  a  thin  layer  t»f  blood-cells  upon  the 
surface.  The  most  couimou  situation  is  at  the  point  where  the 
central  canal  opens  into  the  fourth  ventricle. 

"  INFLAMMATION. 

Myelitis,  in  the  strict  sense,  is  a  term  signifying  an  inflam- 
mation of  the  substance  of  the  spinal  cortl.  Acconling  to  this 
view,  it  shordd  be  limited  exclusively  to  forms  of  s|»inal  disease 
secondary  to  hematogenous  infection,  extension  fnitn  the  pia,  or 
possibly  extcnsioTi  from  the  centnil  canal,  although  the  latter  can 
be  dismissed  as  an  unknown  variety.  The  name  has  been  used, 
however,  to  signify  any  form  of  softening  that  may  occur,  whether 
it  be  produced  by  injury  or  disease  of  the  spinal  column,  by 
tumors,  or  by  poisons  circulating  in  the  bloorl.  It  has  also  been 
applied  to  secondary  changes  the  result  of  meningitis  and  to 
obscure  lesions  that  cither  commence  with  a  jirolifcration  of  the 
neuntglia,  or  as  a  primary  degenenitifm  or  atrop)hy  of  the  nerve- 
substance  and  secondary  increase  in  the  neuroglia-tissue. 

Acc<jrding  to  the  distribution  of  the  lesions,  myelitis  is  spoken 
of  as  circumscribed,  transverse,  or  disseminated.  Older  writers 
63 
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were  accustomed  to  distinguish  between  those  forms  which  were 
found  only  in  the  white  matter,  those  found  only  in  the  gray  mat- 
ter, and  the  diffuse  forms.  The  first  were  known  as  leukomyeli- 
tis,  the  second  as  poliomyelitis,  and  the  third  as  diffuse  myelitis. 
Several  varieties  may  be  distinguished  by  the  pathologic  character 
of  the  lesions. 

Hematogenoos  Purulent  Myelitis. — As  a  rule,  the  membranes 
of  the  brain  are  also  infected,  and  show  the  characteristic  ap- 
pearances of  acute  leptomeningitis,  with  subarachnoid  accumu- 
lations of  pus  and   injection  of  tie  vessels.     Cross-section  of 
the  cord    snows   here  and    there    small    reddish    or   yellowish 
areas  distributed    irregularly  throughout   the  cord ;    in   longi- 
tudinal sections  these  usually  appear  as  streaks   following  the 
course  of  the  blood-vessels.     The  cord  often  seems  to  be  softer 
and  may  be  darker  than  normal.     The  microscopic  changes  con- 
sist of  accumulations  of  pus  in  the  pia  mater  and  distention  of  the 
vessels,  the  presence  of  a  perivascular  round-cell   infiltratioD, 
slight  degeneration  of  the  nervous  tissue  in  the  neighborhood  of 
the  lesions,  and  alteration  of  the  neuroglia,  which  may  show  some 
looseness  of  its  fibers.     Unless  the  process  is  advanced,'  with  the 
formation  of  abscesses  of  considerable  size,  or  extensive  vascular 
change,  the  true  nervous  tissue  not  in  the  immediate  neighbor- 
hood of  the  foci  is  but  slightly  altered.      Ordinarily,  however, 
alterations  may  be  seen  in  the  ganglion-cells,  which  consist  chiefly 
of  irregularity  in  the  arrangement  of  the  chromophilic  bodies  and 
perhaps  somewhat  diffuse  staining.     Should,  however,  ganglion- 
cells  lie  in  the  midst  of,  or  very  close  to,  the  purulent  focus,  they 
show  a  severer  type  of  degeneration,  and  often  have  lost  their 
protoplasmic  processes.     In  these  cases  micro-organisms  are  not 
infrequently  found.     In  some  rare  instances  the  changes  in  the 
substance  may  be  very  pronounced,  whilst  those  in  the  meninges 
are  so  slight  as  entirely  to  escape  macroscopic  observation,  and  to 
be  even  readily  overlooked  with  the  microscope. 

Myelitis  secondary  to  purulent  leptomeningitis  is  not  greatly  dis- 
similar from  this,  excepting  that  there  is  generally  a  more  marked 
degeneration  in  the  periphery  of  the  cord.  The  neuroglia-cells 
are  increased  in  this  region  ;  there  are  often  minute  hemorrhagic 
foci,  and  occasionally  small  peripheral  accumulations  of  pus. 
These  lesions  have  recently  been  observed,  particularly  by  Coun- 
cilmann,  in  epidemic  cerebrospinal  meningitis. 

Transverse  myelitis,  without  local  foci,  secondary  to  iiyury  or 
infectious  disease — that  is,  the  condition  generally  denominated 
myelitis — presents  three  stages,  the  stage  of  red  softening,  of  yel- 
low softening,  and  of  gray  degeneration.  In  the  first  the  mem- 
branes of  the  cord  are  usually  somewhat  opaque.  The  substance 
of  the  cord  itself  may  be  either  swollen  or  shrunken,  and  is  softer 
than  normal  in  consistency.     Uix)n  section  of  the  cord  the  surface 
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is  seen  to  be  pink,  ami  there  may  l>o  minute  hemorrhages  ;  the  tis- 
sue swells  so  thut  tlie  surface  of  the  eross-section  is  slif^litly  eonvex. 
Microscopirally  the  most  eharactcristie  feature  is  the  eou^estion 
of  the  blond-vessels;  this  is  more  marked  in  the  veins  ihau  in  the 
arteries.  There  is  usually  a  eorisidendjje  aniount  of  peri  vase ular 
cellular  exudate,  tJie  majority  of  these  eelJs  heiug  polyauelear  leu- 
kocytes. Tiie  myelin-sheatiis  show  here  and  there  (lef^eueration  ; 
the  axis-cylinders  are  swollen,  granular,  and  somewhat  slirunken. 
The  neuroglia-eells  are  sometimes  swollen  ;  .sometimes  irregular  iu 
outline  and  increased  in  muuher.  The  neuroglia- fibers  iu  the 
neighhorhood  of  tlie  vessels  form  a  Uhisc,  irregular  network.  The 
giinglion-eells  show  [irononueed  alti'ratitins,  usually  similar  to 
those  already  described  as  occurring  in  intoxication,  such  as 
irregularity  in  staining,  jM?ri]iheral  situation  of  the  nucleus,  and 
varicosity  or  fragmi-ntiitiou  of  the  protoptasmie  proces.scs.  If  the 
prrjcess  lias  lasted  any  cmisiderahle  time,  the  most  characteristic 
feature  of  inyclitis,  namely,  the  accuinidatious  of  gnmnlar  cells, 
begins  to  tnkc  plafc  It  is  not  certain  wluit  these  cells  are,  but 
in  all  ]>n>hal>ility  they  represent  the  wandering  councctive-tissne 
corpuscles  that  have  absorbed  the  graindar  fatty  detritus  of  the 
myelin-fibcrs.  Occasioually  hyaloid  bodies  are  present,  even  in 
considerable  numbers.  These  are  ninre  iri-egidar  iu  outline  than 
those  se<Mi  in  more  chmuie  eouditions,  and,  according  to  Leydcn 
and  Goldseheider,  are  probably  due  to  coagulation  of  an  infiam- 
matory  exudate.  In  the  next  stage  a  pressure-anemia  begins  to 
be  apparent.  A  cross-sectitiu  through  the  freshly  removed  cord 
shows  that  it  is  still  somewhat  swollen  ;  the  color  is  yellow.  The 
distinction  between  the  gniy  and  the  white  matter  is  preserved, 
but  the  gray  matter  is  distinctly  shrunken.  Microscopically  the 
blood-vessels  arc  shrunken  ;  the  perivascular  cellular  exudate  is 
still  present,  but  many  of  the  cells  contain  fiit-<lroplets, 
Thrtitighout  the  whole  cord  are  found  compound  granular  cells, 
giving  to  it  a  ]iecidiar  and  characteristic  aj»|)eariinee.  The  nerve- 
fibers  are  swollen,  grantdar,  or  shrunken.  The  myelin-sheaths 
are  filled  with  ilrofilet.s  of  fat,  or  have  i»artially  disap[>eared. 
The  ncun>glia  may  be  still  looser  iu  its  texture.  The  neuroglia- 
eells  are  more  apt  to  show  degenerative  changes.  In  this  stage 
the  alterations  in  the  ganglion-cells  are  extreme.  They  may  be 
swollen  and  irregular;  often  they  for  tu  irregular,  vaeuolar-lookiiig 
masses ;  some,  however,  arc  shrunken,  .stain  dark,  and  exhibit  no 
trace  of  a  nucleus.  Others  may  perha]is  be  still  recognized  by  the 
presence  of  a  small  vesicle  eontainingthe  jK'cnliar  brownish  pigment, 
and  finally  i(  is  eviflentthat  some  have  wholly  disappeared,  because 
the  number  is  nnich  less  than  normal .  In  the  severest  grades  of  this 
condition  the  substance  of  the  cord  has  undergone  litjuefaction  and 
i.s  reduced  to  a  puriform  mass,  which  it  is  imiio.ssible  to  examine, 
excepting  upon  films.     It  is  then  found  to  contain  fat-droplets, 
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granular  cells,  and  ilotritus.     In  the  stage  of  gray  tlegeiieratlon 
there  is  a  stKX)ndary  distention  of  the  blootl-vesseU,  giving  it  a 
somewhat  redder  appearance.     There  is  prolifemtioa  of  the  con- 
nective tissue,  which  has  a  tendency  to  retract  and  cause  conca\-itrj 
of  the  surface  of  the  section.     The  granular  cells  are  found  chiefly 
in  the  neiglil>orht>(_Kl  of  the  blood-ves.-'eLs.     The  nenrr^lia-tissue  is 
looser  and  apijoai-s   to  inclose  numerous  vacuole?.      The   nerve 
libers  have  in  large  part  disapix-ared,  although  a  few  show  degen-i 
erative  changes,  and  the  ganglion-cells  aw  reduced  to  a  few  nins» 
of  pigment  or  else  have  disappeared  entirely.     After  the  cortl  ha 
been  hardened,  as  also  occurs  sometimes   in  various    forms  of' 
sclerosis,  cracks  may  appear  in  its  substance  from  the  retnictioa 
of  the  connective  tissue.     By  this  time  secondary  degeneratioiu 
usually  Ix'gin  to  ajijicar  above  and  belcjw  the  lesion,  particularly 
in  the  sections  stained  by  Marchi's  method. 

Pressure -myelitis. — The  alterations  produced    in  the  cord  by 
slowly-dcvchiping  pressure,  such  as  the  growth  of  a  tumor  in  tha 
membranes,  or  graclual  l>ending  of  the  spinal  canal,  as  in   Pott's 
disease,  pro<luce  somewhat  characteristic  changes.     The  con!  at 
first  becomes  anemic,  due  to  the  mechanical  cx-clusion  of  blood- 
vessels in  the  affected  segment.     As  the  pressure  increases  and  the  ■ 
anemia  continues  degenerations  ensue  in  the  white  matter.     These! 
are  accomjjanie<l  by  the  a|)|x>arance  of  a   moderate   numlier  of 
granular  cells  and  by  slight  proliferation  of  the  neurtiglia.     It 
apjiears  that  this  degeneration  affects  first  the  myelin-sheaths,  and 
that  the  axis-cylindei's  may  maintain  their  vitality  for  a  consider- 
able length  of  time  ;  for  regeneration  ha.s  occurreti  af^er  the  cord 
has  been  C(msideral)ly  reduced  in  size  by  long-coutinuetl  pressure. 
The  gray  matter  a]i|)ears  to  persist  for  a  longer  time.     This  dries  I 
not  mean  that  the  ganglion-cells  remain  absolutely  intact,  for  in 
the  early  stages  of  the  process  they  exhibit  various  degenerative 
changes.      As   we   already  know,    however,   such    degenerative 
changes  are  not  necessarily  fatal  to  the  vitality  of  the  cell.    Ijater, 
they  begin  to  shrink,  usually  becoming  at  first  darker,  then  losing  | 
their  protoplasmic  processes,  and  ultimately  un<krgoing  change  ■ 
into  small  irregular  vesicles  that  are  frei|Uently  pigmenttKl.     The 
neuroglia  gradually  proliferates,  and  ultimately  the  coi-d  is  con- 
verted into  a  sclerotic  mass  at  the  point  of  pressure.     Tliis  mas.*] 
is  gray  in  color,  seems  dry,  and  often  in  the  process  of  hardening] 
develops  numerous  irregular  fissures.     The  central  canal  is  vari- 
ously affected.     It  may  be,  at  different  levels,  obliteratetl,  dilated,! 
double<l,  or  even  tripled.     This  appearance  of  doubling  or  trip- 
ling, however,  is  due  to  the  extrusion  f)f  diverticula,  which  pss 
upward  or  downward  more  or  less  iwirailel  to  the  axis  of  the  cord.  1 
The  epithelium  lining  the  central  ama!  maintains  its  vitality  to  a] 
remarkable  degree,  and,  even  when  all  other  nervous  structun;3j 
have  disappeared,  stains  distinctly  and  is  of  normal  shape,     Fre-| 
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(iiKMitly  the  en<lr>theliiiin  liiiinjj:  tlie  under  sriirface  i»f  tlie  pia,  or 
tlie  lymph-elianncls  arisiii^r  t'roni  it,  proliferate  to  a  remnrkalile 
degree,  and  lar^trc  masses  of  endothelial  eells  may  be  found  either 
immediately  beneath  the  jiia  iir  more  dee]ily  situated  in  the  sub- 
stance of  tlie  eiird.  In  some  cases  this  ap[>ears  to  be  almost  a 
tumor-formation.  Secondary  def^eiienitions,  of  eoiirse,  oeenr  as 
soon  as  the  axis-eyliiulcrs  begin  to  swell,  and  are  identieat  with 
those  found  in  other  complete  tmnsverse  lesions. 

Acute  Anterior  Poliomyelitis. — In  this  disease,  clinically 
designated  inf'itritile  palsy,  tiLe  giinglionH'clls  of  the  anterior  cornua 
of  the  spinal  eonl,  their  neuraxons  passing  out  through  the  anterior 
roots,  and  the  museh's  over  wliieh  they  have  trophic  influence,  are 
the  prinei])al  parts  involved.  The  disease  is  undoubtedly  due  to 
bemattigenoiis  into.xieatiun  or  infection.  It  develoj)s  after  expos- 
ure to  cold,  .subsequent  to  some  other  infectious  disease,  such  as 

rlet  fevrT  or  measles,  and  oeeasiiuially  has  tipjx'ared  a,s  an  cpi- 
ic.  Children  are  almost  exclusively  affected,  usually  about 
the  peririd  of  the  second  dentition.  The  nature  of  the  poison  that 
causes  it  is  unknown. 

Microscopical ly  the  cord  presents  no  characteristic  external 
alterations.  If  section  is  made  thrmigh  the  disciused  portion,  it 
can  be  seen  that  the  tissues  of  the  cord  are  soniewhat  redder  than 
normal,  particularly  the  anterior  cornua  of  the  gniy  matter,  and 
minute  heuKirrliagcs  may  also  be  observed  in  this  region.  The 
tissue  is  somewhat  softer  than  normal,  and  the  blood-vessels  are 
considerably  distended.  In  old  cases — that  is,  those  with  change.'^ 
consecutive  to  the  cessation  of  the  acute  process — the  cord  may  be 
smaller  and  somewhat  denser.  U|)on  section  it  is  readily  ttbserved 
that  one  or  both  of  the  anterior  cornua  are  considenibly  reduced 
in  size.  The  anterior  roots  from  the  diseased  area  may  be  con- 
siderably shnniken  and  fdtrous.  Microscopically,  in  the  early 
stages  the  most  striking  appeanince  is  that  presented  by  the  blood- 
ves.sels.  These  are  greatly  distended  and  snrroinidetl  by  a  wall 
of  round  cells.  The  vessels  in  the  gray  matter  of  the  anterior 
cornua,  in  the  anterior  commissure,  and  in  (he  anterior  se|)tuni 
appear  to  Ijc  chiefly  involved.  The  posterior  half  of  the  crtrd 
presents  few,  if  any,  alterations.  The  neurogliar  tissue  seems  to 
be  somewhat  looser,  and  througluint  all  the  affected  tissue  there  is 
more  or  less  cellular  infiltration,  the  majority  of  the  cells  being 
mononuclear.  The  g:nigIion-eells  are  much  altered.  They 
may  be  swollen  and  colorless,  the  chroinutin-grnnules  may  be 
arranged  in  irregular  masses,  the  ])rocesscs  are  irregular,  the 
nucleus  may  stain  diff'iisi'ly,  ami  the  nucleolus  show  vacuolar  de- 
generation. In  the  more  advanced  stages  both  nucleus  and  pro- 
toplasmic processes  have  disappeared,  leaving  nothing  but  the 
thickene<l  axis-eyliuder  springing  from  the  cell.  The  perivas- 
cular spaces  may  be  somewhat  distended,  and  often  contain  round 
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cells.     Even  in  cases  exaniintMl  a  few  days  after  the  onset,  it  i9| 
evident  that  some  of  the  ganglion-eel  Is  have  degcnenUwl   com- 
pletely and  have  disapjieared,  as  their  number  is  niarke<lly  di- 
niinishe<l.     The  fiboi's  of  the  anterior  roots  show  tlie   «jrdinary| 
forriifi  of  degeneration,   the   presence  of  globules   of  fat  in   the' 
sheaths,  and  swelling  or  fragmentation  of  the  axis-cylinders.    The 
alleeted  muscles  very  early  exhibit  fatty  degeneration  and  atrophy 
of  the  fibers.     In   lases   examined  several  months    after  onse 
considerable  atrophy  has  usually  taken  place  in  the  anterior  horns.^ 
The  i)criva<cular  round-cell   infiltration   is  still  very  distinct,  and 
usually  comixiund  granidur  cells  arc  found   in  wmsiflerable  num- 
bers in  the  lesions.     The  ganglion-cells  are  fewer,  and  those  that 
remain   may  be  cither  normal  or  partially  degenerated.     Man; 
fibers  have  disappeared  from  the  anterior  roots,  and  the  trophi 
ehangcjj  in  the  muscles  are  still  more  pronounced.     In  thoee  ca<«s| 
examined  very  late — that  is,  some  years  after  the  development  of 
the  process — the  anterior  horns  appear  to  be  markedly  diminished 
in  size,  although  this  alteration  is  e.Nceedingly  unequal,  often  oni 
horn  being  involved  whilst  the  other  is  perfectly  normal  or  ei 
hibita  only  slight  alterations.      Occasionally  the  anterior  hornii 
apjK'ar  paler,  but  of  almost  normal  size,  apparently  the  result  of 
a  colloid  degeneration  of  the  neuroglia-t issues.     The  bl(M>d-ve*se!s 
are  dilated  and  their  walls  tliickened,  and  they  may  contain  Rime 
cellular  infiltration.     In   those   |)arts  where  the   process  is  most 
severe  all  the  ganglion-cells  have  disapjx'ared.     In  others  a  few 
may  remain,  and  these  are  usually  normal.     The  neuroglia  has 
un<1ergone  hyperplasia,  and  consists  of  a  coarse  meshwork  con- 
taining many  nuclei.     The  medullated  fibers  ol'  the  anterior  roota 
are  jiartially  or  completely  destroyed.     Degeneration  of  the  me- 
dullated fibers  of  the  pyramidal  tract  may  sometimes  be  traced 
for  a  few  segments  above  the  aH'ected  region  ;  as  a  rule,  it  is 
slight,  and  involves  only  a  few  of  the  fibers.     The  lesions  usually 
attack  several  .segments  of  the  cord,  and  arc  most  frequent  in  the 
lumbar  region,  although  any  part  may  be  affected,  even  the  cells 
of  tlie  medulla.      It   has   been    disputed   whether    the    primary 
changes  occur  in  the  blood-vessels  or  in  the  ganglion-cells,  but  it 
seems  now  to  be  conclusively  established   that  the  disease  is  of 
liematogcnous  origin.     In  favor  of  this  view  are  the  pronounced 
vascular  changes,  and  the  fact  that  the  ganglion-cells  in  tlie  neigh- 
borhood of  the  vessels  are  usually  more  degenerated  than  those 
more   remote,  and  that  defiiiiii*  groups  of  ganglion-cells  an?  not 
att'ected,  but  rather  those  supplied  by  an  individual  vascular  di*- 
tribution. 

The  clinical  course  of  the  disease  is  sufficient  evidence  of  the 
fact  that  at  least  some  of  the  cells  recover  their  function.'*  com- 
pletely. After  the  paralysis  has  reached  its  greatest  extent,  a 
very  considerable  degree  of  recovery  may  ensue,  and  only  certain 
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i  groups  of  muscles  remain  affectod.    Some  of  these  degenerate  and 
I  contract,  giving  rise  to  various  deformities  in  the  limbs. 

PRIMARY  DEaENE RATIONS  OF  THE  CORD. 

Primary  dofrener.itioii  of  tla'  sj»i[ial  vim\  is  ciiarufterized  by 
the  more  or  U-ss  fomplett)  dcjitructinn  uf  ocrtaiii  systom.s  of  filjers, 
affecting  their  vviiole  length,  witjumt  solution  of  oiutimiity  in  any 
part  of  their  eoiirse,  l^^  distinct  dejrener.itive  ch!Ui;^es  in  the  gan- 
glion-oells  from  which  they  arise.  In  other  wonls,  the  distinguish- 
ing characteristic  of  tliis  eouditif>n  is  tlie  absence  of  any  lesion 
that  would  serve  to  explain  its  occurrence.  Certain  grou|»s  of 
fibers  ajipi'iir  to  be  ninre  fretpieutly  utfected  thau  others;  these  are 
particidarly  the  ci>linuus  etiuccrned  in  the  conduction  of  impulses 
from  or  to  the  bniin.     They  may  lie  classified  as  follows  :  1.  The 

I  sensory  neurons  of  the  conl,  whicli  are  composed  of  the  unipolar 
cells  of  the  spinal  ganglia,  and  tlieir  neunixons.  They  |»ass  from 
the  jwisterior  root.s  into  the  spinal  cord,  and  enter  first  the  column 
of  I3unlacli,  subsequently  bending  into  the  colnmn  of  Gull, 
and  ending  in  the  nuch'i  of  (tuII  and  Ilurdaeh  in  the  niednlla.  2. 
The  central  motor  neurons,  comiuencing  in  the  pynitnidal  layer  of 
the  motor  cortex,  passing  down  through  the  internal  capsule,  the 
pyramids,  and  the  pyramidal  columns  of  the  cord.  ."i.  The  jwripli- 
eral  niotor  neurons,  coiniueiicing  in  the  ganglion-celts  of  the 
anterior  curntia,  passing  out  from  the  anterior  groups,  and  termi- 
nating in  the  muscles. 
H  The  most  imporbuit  primary  degeneration  is  difn's  dorsalls,  or 
^  posterior  Hch-roxix ;  it  invidves  almost  exclusively  the  sensory 
neuron.  Involvi^mcnt  of  the  peripheral  motor  neuron  gives  rise 
to  the  disease  known  as  prof/irjtfiire  spiiinl  untxctdnr  atrophy ;  de- 
generation of  both  motor  neurons,  to  aniyoiropkic  hitcrai  sclerosis. 

Posterior  Sclerosis. 

Degeneration  (»f  the  posterior  columns,  when  ocenrring  inde- 
pendently of  distinct  lesitjus  of  the  posterior  roots  or  section  of 
the  spinal  cord — that  is,  as  a  definite  form  of  disease — is  known 
as  tabes  (iormli-s,  and  correspiinds  clinically  to  locomotor  ataxia. 

There  has  been  considerable  discussion  of  late  years  as  to  whether  this 
is  due  to  systemic  disease  attacking  primarily  certain  cohiiiiiis  or  tracts  of 
fibers  in  the  sjiiuai  cord,  or  to  a  condition  seiiondary  to  disease  of  the  pos- 
terior roots.  Tlie  creat  majority  of  jiathologisl.*  have  now  crmie  to  accept 
the  latter  view,  and  the  evidence  in  its  favor  is  so  .strong  that  it  »vill  he  here 
adopted. 

Trepinski  has  recently  conibitlcd  this  view,  as  a  re.sult  of  the  comparison 
of  the  areas  of  degentTation  in  certain  cases  of  locomotor  ataxia  with  the 
areas  of  myelination  in  tlu'  conla  of  human  fetuses.  He  believes  that  tabes 
is  strictly  a  systemic  disease,  and  Schatfcr  partially  agrees  with  him. 
Obersteiner,  however,  after  a  careful  review  of  their  work,  still  adheres  to 
the  theory  that  the  posterior  roots  are  primarily  atfected. 
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The  fibers  of  the  posterior  roots  appear  to  originate  in  the  »pinL 
ganplia.  Tpon  entering  the  cord  they  uiviiie  into  the  ascending  ana  de 
Bounding  branches,  both  of  which  give  otT  collnterala.  Thev  may  \<t 
divided  into  two  proline,  the  lateral  and  the  median  bundW.  I'he  lateral 
fibers  are  somewhat  finer,  and  evidently  belong  embryologically  to  a  dif- 
ferent group,  because  they  acquire  their  myelin-sheaths  later  and  pa» 
directly  into  the  zone  of  Lissauer,  thence  into  the  substantia  gclatino»a  ''' 
Rolando,  and  some  of  them  terminate  in  arliorizulion  about  the  cell* 
the  columns  of  Clarke.  The  median  bundlei<,  which  consist  of  coa 
filler*.  7)a3s  inward,  then  upward  to  the  inner  side  of  the  posterior  rool 
then  bend  in  and  form  the  columns  of  Burdaeh,  and,  finally,  tlioge  fnimtl 
lower  regions  of  the  cord  enter  the  columns  of  fioll  and  terminate  in  the 
nucleus  and  the  medulla.  Experimental  degeneration  caused  by  section 
the  posterior  roots  in  animals,  nr  destruction  of  the  posterior  roots 
result  of  pathologic  processes  in  human  beings,  causes  ascending  degene 
tion  of  the  posterior  columns  that  corresponds  very  closely  in  many  res] 
to  the  lesions  of  lubea  dorsal  is  (Fig.  3^u). 


an- 


Flo.  3S9.— Scleroeii  of  the  cord ;  ftom  «  »pcclmen  ■tainn]  by  »>Ij>erl"»  method,    to  tlw 
dark  arcs  the  nonnal  (unaffected)  nerre-fibera  are  dei-plir  sulned. 

Etiology. — It  now  seems  to  be  well  established  that  syphilis 
occurs  more  frequently  in  the  previous  history  of  cnses  of  tabes 
and  of  jjeneral  pai^sis  than  in  the  previous  history  of  other  fonHf 
of  nervous  disease.  Accordinf^  to  various  sets  of  statistics,  it  varie? 
from  50  per  cent,  to  90  per  cent,  in  all  cases  (Erb).  Neverthe- 
less, a  certain  number  of  cases  of  tabes  occur  in  persons  who  give 
no  history  of  syphilis,  have  never  bad  any  symptoms  of  the  di.«- 
ease,  and  present  no  .signs  of  it  at  the  time  of  e.vamination. 
Various  theories  have  i)een  suggested  to  aceoimt  for  the  special 
involvement  of  the  posterior  columns.  Edinger  has  suggeste " 
that  tliose  |K)rtions  of  the  central  nervous  .system  that  are  sub 
jected  to  excessive  work  are  more  likely  than  the  others  to  feelj 
the  action  of  any  toxin  that  may  exist  in  the  body — such,  for  cx- 
am])le,  as  the  toxin  of  syphilis.  Siebert  has  slightly  modifie" 
fliis  theory,  suggesting  that  at  the  point  where  the  jKJstorior  root! 
enter  the  spinal  cord  they  are  most  likely  to  i)e  subjected  to  ir 
jurious  overgrowth  of  the  neuroglia  that  may  be  pnxluced  by  the 
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[presence  of  toxins,  exposure  to  cold,  etc.  Hitzig  Iwiieves  that 
toxins  may  exist  in  the  hmiy  (or  lunj;  p<>rii)ds  of  time,  and  so 
alter  the  hloml  as  to  can.se  it  to  prothice  in  ttic  more  susceptible 
portions  of  the  nervous  system  sclerotic  changes.  Obersteiuer 
has  recently  suggested  that  in  all  prohahility  tabes  is  due  to  a 
variety  of  conditions,  although  lie  admits  that  syphilis  is  by  far 
the  most  important.  As  far  as  we  have  been  able  to  ascertain, 
only  a  single  case  has  been  recorded  in  which  injury  ap[>ears  to 
have  lieen  solelv  responsilile  for  the  development  of  the  disease. 

'  Pathologic  Anatomy. — The  macroscopic  lesions  are  as  fol- 
lows: The  dura  sliows  mi  ciianges  ;  the  pia  mater  in  the  segment 
between  the  j)osterior  roots  is  somewhat  thickenetl  and  opaque,  a 
change  which  auniot  usually  be  observed  in  ihe  latend  and  anterior 
regions.     The  posterior  roots  may  be  enlarged.     In  the  advanced 

leases,  however,  they  seem  to  be  somewhat  thinner  and  more  trans- 
lucent. On  section  through  the  conl  the  gray  matter,  especially 
that  of  the  septum  and  anieriur  horns,  appears  to  be  normal.  The 
anterior  and  lateral  regions  of  the  white  matter  are  similarly  in- 
tact. In  the  most  advanced  cases  the  white  matter  between  the 
fosterior  roots  is  darker  than  normal  and  seems  to  be  shrunken, 
ts  consistency  is  somewhat  softer  than  that  of  the  normal  cord, 
and  the  fact  that  it  becomes  depressed  after  seetifin  shows  that 
there  is  some  tendency  to  retraction.  In  early  eases  these  ctninges 
may  be  slight  ;  in  fact,  in  cords  removed  from  patients  guttering 
from  general  psiresis,  in  which  the  earliest  stages  are  usually  ob- 
served, there  may  be  no  macroscopic  changes  found.  In  these 
early  stages  sections  stained  by  some  myelin-method  exhiltit  the 
following  changes  :  Fu  tin-  luioliar  region  the  culiunns  of  Goll  are 
degenerated,  excepting  the  anteri(^r  portion  ;  usually  there  is  a 
small  oval  region  lying  in  the  middle  of  (he  posterior  septum  ;  in 
tlie  dorsal  region  there  are  usually  two  areas  of  degeneration  in 
the  column  of  Burdach  ;  in  the  cervical  region  a  portion  of  Goll's 
column  is  involved,  ami  there  are  usually  two  areas  on  either  side 
in  the  f'olunm  of  I'unlach  near  the  posterior  bonis.  In  nearly  all 
cases  there  is  usually  more  or  less  degeueration  of  tbe  posterior 
roots.  In  the  more  advauce<l  eases  the  portion  of  tFie  posterior 
columns  immediately  behind  the  posterior  commissure  contains 
normal  fibers,  l>ut  all  the  rest  of  the  posterior  column  and  Lis- 
Siiuer's  zone  are  degeuerateiL  In  tbe  eervicsil  ]K)rtion  the  degeu- 
eration of  the  coltimn  of  (ioU  is  most  jironouuced,  and  there  is 
only  a  small  number  of  normal  fibers  anteriorly  and  on  either 
side  lying  close  to  the  posterior  roots.  The  degeneration  extends 
upwartl  through  the  me<lulla  as  far  as  the  nuclei  of  Goll  and  Bur- 
dach. It  occasionally  happens  that  one  portion  of  the  cord  seems 
to  be  more  severely  atlected  than  the  others  ;  as  a  general  rule, 
this  is  the  lumbar  region  or  the  dorsal  and  lumbar  regiruis,  whilst 
the  cervical  portion  shows  fewer  changes.    Occasionally,  however, 
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the  cervical  iKirtion  of  tlie  cord  will  be  |)artieularly  involvt-d  and 
the  other  n»trions  more  or  less  iiitnct.  In  these  cases  the  rolHrnn- 
of  Goll  .show  onlv  .slifrht  (lejr«'iieration,  whili^t  in  the  trerxical  p<ir- 
tion  the  cohunii  <>f  Biinhioh  i^<  niMrkeflly  (h'}r<'nerat<.'<l.  As  \\w 
fihers  turn  towanl  the  center,  liealthy  fibers  froni  tlie  po(«ttri«t 
roots  of  the  cervical  .-eiirnunt.'*  are  usually  less  involvetl,  so  th 
tlie  degenerated  area  lie;-  near  the  posterior  median  septum,  in 
region  usually  wdletl  the  middle  root-zone.  These  degener 
areas  are  characterized  by  destriietiiin  of  the  niyelln-sheaths 
the  axis-cylinders,  their  places  being  taken  by  prolifenittxl  i 
roglia,  which  is  cliaracterized  by  the  ap|H-arance  of  thicker 
soraewiiat  wavy  fibers.  In  tlie  late  stages  this  hyix-rplastic 
roglia  may  undergo  considerable  contraction  (Fig.  360). 


Fro.  360.— Sclerotic  and  .■.mirari. 


Scliiuttrlf. 


^derosU  tKais  tnd 


liferatiou  of  the  in-uroglia-cells  may  be  observetl  in  the  earlie 
stages,  but  in  the  later  stages  this  has  largely  disjipjxared.  Tl 
degeneration  of  the  fibers  is  in  all  respects  .similar  to  that  of  th 
ordinary  secondary  degeneration.  Accumulation  of  the  peculii 
amyloid  bodies  is  usually  observed.  The  gray  matter  of  the  i 
is  little  affected,  the  cells  in  particular  rarely  showing  distir 
traces  of  degeneration,  altiiougli  it  is  luit  unlikely  that  niu 
careful  investigation  with  the  MissI  method  will  exhibit  varioil 
changes  in  their  finer  structure.  The  fibers  that  normally  \x 
thruugh  the  gray  matter  often  disap])ear  comjiletely.  This  i:' 
true  especially  of  the  tine  fillers  of  Li.ssauer's  zone  and  those 
that  form  the  plexus  around  the  cells  of  the  column  of  Chu-kt. 
The  reflex  collaterals  al.«o  frctpiently  disap])ear,  and  this  is  stip- 
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posed  to  explain  tlie  loss  of  tlic  reflexes,  whieli  is  a  eomnion 
symptom  of  the  disease.  The  vessels  usually  exiiihit  some  thiek- 
ening  of  the  adventitia,  and  oceasionally  au  ueeunudatiuii  of 
granidar  eells  either  in  the  adventitia  or  lieiiealh  the  ependyma. 
Hyaline  depenenitioii  is  foiitid  <ieeit.-ionally.  Tlie  jiia  mater,  cor- 
resj)onding  to  its  marrnseopie  apjieanmee,  shows  some  thickening 
of  the  fibers,  altlioiigh  it  is  al)s*'nt  in  the  earlier  cases. 

The  most  interesting  subject  conne<'ted  with  this  disea.se  is  the 
condition  of  the  ^Terii>heral  nerves,  the  spinal  ganglia,  and  the 
posterior  nxits.  Degeneration  of  tlie  jK'ri|»heral  etitaneons  nerves 
is  frequently  observed  :  but  it  is  impnssilde  to  sjiy,  for  lack  of 
suflieient  iuvesligatiiHi,  whether  it  oeeurs  in  every  ease.  The 
change.s  consist  of  thickening  of  tlie  pcrinetirium  and  the  connec- 
tive-tissue trabeeuhe,  more  or  less  degenemtion  of  the  niyelin- 
sheaths,  and  (K'easionally  swelling  of  the  axis-cylinders. 

The  results  of  the  examinatiiut  of  (lie  s|iiu;d  ganglia  have  been 
very  contradictory,  and  some  autiiors  find  them  intact,  while 
others  describe  eontniction  and  irregularity  in  tlie  outlines  of  the 
cells.  In  no  case,  however,  have  the  changes  been  sufficiently 
pronounced  to  account  for  the  extensive  degeneration  in  the  poste- 
rior columns.  The  posterior  roots  are  invariably  degenei-atcd. 
Some  of  the  fibers  are  completely  destroyed,  others  .-how  disap- 
pearance of  the  niyclin-sheaths  and  alteration  of  the  axis-cylin- 
ders. Nageottc  claims  tr>  have  discovered  a  round-cell  infiltration 
in  the  membranes  -urrouuditig  the  roots  tlujt  causes  a  jiressure- 
degeneratioD.  Rcdlich  and  OI)erstciner  believe  that  the  changes 
are  most  marked  after  the  entnincc  of  the  fibers  into  the  cord, and 
e.vplain  this  by  supposing  that  there  has  licen  a  slight  couslriction 
at  the  point  where  tiiey  pierce  the  |)ia  nuiter.  In  this  region 
there  is  certainly  often  considerable  disa|)])eanincc  of  the  myclin- 
Miheaths,  but  it  cannot  ije  said  positively  whether  the  iutramednl- 
lan.-  jKirtion  of  the  posterior  roots  la  more  degcnenitetl  tlian  the 
extramednllary. 

Friedreich's  Ataxia. 

|P  Friedreicb'.s  ataxia  is  a  disease  characterized  by  inco-oi-di  na- 
tion of  the  gait,  the  first  symptoms  coming  on  usually  during 
puberty.  It  belongs  to  the  liereditary  ty|ie  of  the  disease,  occurs 
in  successive  generations  of  the  same  family,  and  appears  to  have 
no  other  causation.  The  most  ci)nstant  change  is  hyjxiplasia 
of  the  spinal  cord.  This  hypoplasia  may  be  regular,  so  that  the 
whole  cord  is  thrce-fi»urtlis  or  even  less  of  its  normal  diameter, 
or  it  may  seem  irregular  in  the  latter  instance,  being,  perhaps, 
more  pronounced  iu  the  cervical  and  upper  eh u>a[  regions.  Hv|)o- 
plasia  of  the  cerebellum  is  a  frequent  associated  lesion.  The  two 
conditions  arc,  however,  rarely  etpial,  and,  according  as  one  or 
the  other  preponderates,  Marie  has  tle.scribed  spinal  and  cerebellar 
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forms  of  heretlitarv  ataxia.  The  next  most  common  lesion  is 
degeneration  in  the  posterior  columns.  This  is  particularW 
marked  in  the  c«>himn  of  (toII,  but,  in  severe  canes,  may  also  in- 
volve the  column  of  Burdach.  No  degeneration  at  all  may  be 
found ;  such  a  case  has  l)een  reported  oy  Xonne ;  bat  in  these 
instances  the  larger  fil>ers  are  usually  absent.  D^eneration  in 
Clarke's  columns  is  not  uncommon.  The  cells  exhibit  vmrions 
f(»rms  of  chronic  degeneration,  and  the  fibers  either  diaappear 
completely,  or  at  least  lose  their  myelin-sheatbs.  As  a  resmt  of 
this  latter  condition  there  is  also  degeneration  of  the  aaoending 
cerel)ellar  column.  In  r^ard  to  the  degenerative  areas  fonnd  in 
the  lateral  columns,  there  is  much  difference  of  opinion.  The 
majority  of  authors  believe  that  they  represent  degeneration  of 
the  pyramidal  columns,  although  it  is  certain  that  none  of  the 
clinical  symptoms  associate<l  with  this  lesion  are  present.  The 
degeneration  is  usually  most  pronounced  in  the  lower  part  of  the 
cord,  <liminishes  in  intensity  upward,  and  disappears  near  the  nor- 
mal decussation  of  the  pyramidal  columns.  According  to  Marie, 
the  degenerated  areas  usually  lie  to  the  outer  side  of  the  normal 
situation  of  the  pyramidal  columns.  In  all  these  degenerated 
areas  there  is  considerable  proliferation  of  the  neurwfia-tissne, 
the  fibers  being  especially  increased,  indicating  the  likenhond  that 
the  change  is  secondary.  Other  secondarj-  changes  ve  the  thick- 
ening and  ])artial  adhesion  of  the  pia  mater,  particularly  that 
part  in  contact  with  the  posterior  columns  of  the  spinal  coid,  and 
also  the  thickening  of  the  walls  of  the  blood-vessels,  such  a«  is 
usually  found  in  s<'lcrotic  ner\'ous  tissue.  Degeneration  is  alw 
found  in  the  pf)sterior  roots,  which  are  smaller  than  normal.  In 
regiirtl  to  the  condition  of  the  peripheral  ner\"es  there  is  some 
ditfcrenco  of  opinion,  but  it  seems  certain  that,  in  some  cases  at 
least,  there  is  a  degeneration  of  the  senson.-  fibers.  The  di£ea:>e 
jjurtakt's,  therefore,  of  tin?  nature  of  a  combinetl  sclerosis.  Sfinie 
author-:  hold  that  it  is  due  primarily  to  a  hypoplai-ia  of  the  thinl 
primary  ve>iile  and  of  the  neural  canal — that  is  to  sav,  the 
meihiUa,  cerehi'lluni,  an<l  i-onl.  The  disesise,  however,  api)ear<  t<> 
be  .-lowly  projrres.-ivo,  and  it  is  not  evident  in  infancy.  This  mav 
be  explained  by  as.-uniing  that  the  hypoplastic  central  nervous 
system  is  .-utlicient  for  the  nw<ls  of  the  child,  and  tliat,  as  the 
organism  (h-velop-.  it  becomes  relatively  insufficient.  This,  how- 
ever, woultl  not  enable  us  to  un<lerstand  why  such  extensive 
Mcondary  degeneration^  are  xmutimes  present. 

Amyotrophic  Lateral  Sclerosis. 

Amyotrojihie  lateral  M-liro-i-  is  a  disease  which,  theon'tiaillv. 
shoulil  pre.-i-nt  the  tollnwinir  j>ntlioloiric  changes  :  IVgeneration  in 
the    pyramidal    column-,    atrojiliy  of   the   ganglit»n-eells  of  the 
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anterior  cornua,  degeneration  of  the  ner\-e-fibers  in  the  anterior 
roots  and  of  the  mutur  KIhts  in  the  |)cnj>henil  nerves,  and  defrcii- 
erative  atrophy  of  the  mnseh'S.  The  lesions  that  are  aetually 
found,  however,  are  very  various.  Conniioii  to  almost  all  cases  is 
the  atrojihy  of  the  motor  cells  of  the  spinal  eord  and  defenera- 
tion of  their  neumxons,  and  the  pr<'senee  of  eonipomid  granu- 
lar eells,  but  tliere  is  no  other  sijrn  of  iuHaniniatory  reaction.  The 
degeneration  of  the  ganglion-cells  is  usually  extensive,  and  the 
muscles  exhibit  the  changes  characteristic  of  iirogressive  sjiinal 
muscular  atro|)hy — that  is,  swelling  of  the  fdjcrs,  increase  of  the 
number  of  the  nuclei,  indistinctness  of  the  striation,  and  truTease 
in  the  amount  of  connective  ti-^sue,  with,  in  the  later  stages, 
extreme  atrophy  of  the  fibers.  The  degree  to  which  the  jiyrani- 
idal  columns  are  atl'ccted  is  not  constant ;  at  times  the  digenera- 
tion  is  pnmounccd  and  extends  as  far  as  the  internal  capside. 
Indeed,  distinct  alterations  have  been  rejiorted  in  the  motor  cortex 
of  the  brain — that  is  to  .-*ay,  deg<'neration  i>f  the  ganglioiwells 
and  the  presence,  in  more  or  less  considendile  number,  of  com- 
|)ound  granular  eells.  In  other  cases  the  degeneration  may  cease 
at  a  lower  point,  and  in  at  K'ast  one  ease  was  not  found  at  all.  It 
has  been  supposed  that  in  such  csises  there  is  only  a  slight  alter- 
ation in  the  nutrition  of  the  ganglion-cells,  ami  that  liie  degenera- 
tive changes  commence  at  the  |)eriplicral  porti*in  of  the  neuraxon 
and  advance  cellifK'tally.  The  changes  found  in  the  jiyramidal 
columns  are,  of  course,  simitar  to  those  occurring  in  the  other 
prinuiry  degencnitions. 

Combined  sclerosis  has  been  described  in  a  great  rnmdier 
of  instances,  and  a  characteristic  symptomatology  has  been  ascrilied 
to  the  condition.  L'sually  the  parts  afiectcti  an'  the  ijosterior 
columns,  the  columns  of  Clarke,  and,  in  part,  the  lateral  pyram- 
idal tracts.  The  lesions  do  not  differ  in  appearance  froni  those 
of  the  other  forms  of  primary  degeneration.  The  ari'as  are  gray, 
somewhat  shrunken,  and  contaiti  an  exces.s  of  ueiirogtia,  granular 
cells,  and  amyloid  botlies.  The  nature  of  the  pHK-ess  is  still  nii- 
decided.  The  l're<juency  with  which  a  certain  definite  combination 
occurs  has  led  some  neuropathologists  to  believe  that  it  is  a  mor- 
bid entity.  Others,  however,  contentl  that  the  parts  of  the  cord 
affecte<l  are  those  least  able,  on  account  of  their  ])<Hir  blood-supply, 
to  resist  noxious  influences,  ami  that,  tlnTefore,  the  disease  is  oidy 
the  reaction  of  the  weaker  parts  of  the  s|)inal  cord  to  a  general 
morbific  agent. 

Chronic  anterior  poliomyelitis,  or  progressive  spinal 
muscular  atrophy,  is  strictly  a  degeneration  ot'  the  peripheral 
motor  neuron,  and  often  apjiears  to  be  liercditary  in  chanicter. 
Otherwise  no  satisfactory  etiology  has  ever  been  detcnnined. 
It  is  characterized  by  gradual  atrophy  ()f  the  ganglion-cells 
9f  the   anterior  cornua   and    bv  diminution  of  the  size  of  the 
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cornua  themselves.  No  lesions  that  distinctly  indicate  the 
existence  of  an  inflammatory  process  are  present.  The  cells 
gradually  grow  smaller,  become  pigmented,  and  may  ulti- 
mately disappear.  There  is  degeneration  of  the  fibers  in  the 
anterior  root<}  and  degenerative  atrophy  of  the  muscles.  The 
clinical  course  is  slo\vIy  but  irregularly  progressive.  The  con- 
dition in  many  respects  resembles  amyotrophic  lateral  sclerosis, 
and  eases  have  been  recorded  in  which  other  degenerations  were 
found,  particularly  in  Clarke's  column  and  in  the  posterior  col- 
umns. The  lesions  apparently  commence  in  the  cervical  re^on, 
and  may  later  extend  to  other  ptrts  of  the  cord,  and  even  to  the 
motor  nuclei  of  the  medulla.  There  is  a  form  of  chronic  polio- 
myelitis in  which  distinct  lesions  of  the  vessels  are  present,  and 
which  is  apparently  only  a  slow  form  of  the  ordinary  acute  polio- 
myelitis. 

Deg^enerations  in  the  white  matter  of  the  spinal  cord 
have  been  described  in  various  forms  of  chronic  anemia,  especially 
pernicious  auemia.  Two  varieties  can  be  distinguished,  those  in 
which  the  areas  of  sclerosis  are  disseminated  irregularly  through 
the  cord,  and  those  in  which  the  degeneration  is  svstemic  in  na- 
ture and  follows  more  or  less  closely  the  area  of  distribution  of 
the  fibers  of  the  posterior  root.  In  the  latter  case  the  posterior 
columns  are  aflected  most  severely,  and  the  lesions  are  most 
pronounced  in  the  cervical  region.  Degeneration,  however,  may 
also  be  found  in  the  lateral  columns,  either  involving  only  a 
small  patch  of  fibers,  or  so  extensive  as  to  give  rise  to  the 
appejirance  of  combined  sclerosis.  The  degeneration  appears  to 
occur  primarily  in  the  nerve-fibers,  with  secondary  prolifera- 
tion of  the  neuroglia.  Vascular  clianges,  particularly  minute 
hemorrhages  and  thickening  of  the  vessel-cells,  are  also  found, 
and  whoii  present  the  nerve-fibers  in  the  immediate  vicinity  of 
the  vessels  are  often  degenerated.  Lissauer's  zone,  the  posterior 
roots,  the  spinal  ganglia,  and  the  gray  matter  of  the  spinal  cord 
are  rarely  involved.  These  changes  are  not,  however,  found  in 
all  cases  of  progressive  pernicious  anemia,  a  number  of  cases 
being  now  on  record  in  which  the  spinal  cord  showed  no  trace 
of  degeneration.  No  satisfactory  explanation  has  hitherto  been 
given  to  account  for  them.  It  has  been  suggested  that  the  anemias 
with  spinal  lesions  belong  to  a  different  group,  but  this  is,  of 
course,  a  mere  hypothesis.  The  absence  of  degeneration  in  the 
posterior  roots  seems  to  exclude  a  peripheral  neuritis,  although  it 
is  possible  that  in  case  of  slight  disease  of  a  spinal  ganglia  the 
terminations  of  their  nerve-fibei's  in  the  medulla  would  exhibit 
the  first  trace  of  degeneration,  and  this,  in  fact,  corresponds  with 
the  condition  found  in  some  of  the  cases. 

Similar  changes  have  also  been  found  in  other  conditions,  es- 
pecially the  chronic  cachexias,  such  as  tuberculosis,  diabetes,  and 


2.  Dlfl^tov  anteropOSteHt>r  iiu<l  laUral  ilvRi'tunitUiii  of  rord  in  u  hculk  CAK*  uf  progressive 

IK'rnU'iouH  »(iriiija. 


8.  T>il!\ise  dcgenorallun  of  rttrrl  In  inlrn^e  annmin  assnciiiled  with  I'hroniv  piirenohymn- 
touM  ni'|>hrlli^  (corvlml  corrJ). 

Fiir«.  1,  :^.iin<1  ^  iire«cnt  tlu'ilin^i*o  tnxlo  Ir^iiniis  met  with  hi  Hiirmii'  nnrl  racluTtU-  con- 
fliti"n!<.  Ttif  di'Ki-iu -nitiim  is  tlifrnsc.  n"I  cniitlneil  to  nnv  jmrlifnlnr  truft  of  tho  coriJ.  but 
up^tiAlly  predominniinir  In  tin-  ]M*l»'roltiti'r»l  ari-a*.  It  f»  noi  iiifrcftm-ntly  rt'frrrcil  to  as 
p*.wt».TolatfrQl  .tc|fn>sli*.  Fig.  1  in  fmni  an  onrly  ciisf.  nnd  mIiows  thv  rvlfitfoii  of  iiit*  de- 
genrratioD  to  the  HrteriBl  supply  of  the  pfistLrio'r  ooUimnn. 
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Ciuvinonia.  Tiiezck  has  do.siL'rihwl  (■liaiifrcs  oeeiirriTif!;  in  the  spinal 
cortl  in  ergotism  and  pi'llagra.  In  tiic  ibnncr  tlif  iuvas  of  (Iffjon- 
eration  were  ehieflv  in  the  posterior  rohinins,  limited,  exeejiting 
in  the  cervical  rejci'Jns,  to  Burdach's  cnliinin,  and  there  were  lesions 
in  the  posterior  roots.  In  the  latter  disease  he  found  degeneration 
in  Goll's  column,  particularly  in  Bnrdacli's  column,  and  usually 
in  the  lateral  columns  also.  There  was  also  pirtial  disa])pearaiice 
of  the  cells  of  the  anteriifr  cfirnna,  and  small  degenerative  foei  in 
the  anterior  columns.  Marie  lielieves  tliat  these  lesions  are  due 
to  degeneration  of  the  endogenous  fillers  of  the  .spinal  cord. 
Changes  limited  to  the  posterior  colnmn  have  also  l>een  noted  after 
diphtheria  and  leprosy.  In  old  age  small,  irregular  areas  of 
degeneration,  {vrrtieularly  in  the  posterior  median  cohmin,  and 
sometimes  at  the  periphery  of  llie  spinal  coi-d,  may  be  observed. 


SECONDARY  DEGENERATIONS  OF  THE  CORD. 

Secondary  degenerations  of  the  spinal  cord  occur  after  any 
lesion  interrupting  the  course  of  one  or  more  of  the  columns 
of  fibers,  and  also  after  any  disease  oi'  the  ganglion-cells  that 
nourish  these  (il)ers.  Tiiey  have  been  divided  into  ascending 
and  descending,  according  to  the  ilirection  in  which  tlic  de- 
generation proccetls.  It  will  be  clear,  from  the  description 
already  given  of  the  course  of  the  oolumtis  of  the  conl,  that  the 
chief  variety  of  descending  dcgeuenition  will  lie  that  of  the  pyram- 
idal columns.  This  may  occur  .as  a  result  of  injury  to  the 
motor  cortex,  or  of  interruption  of  tlu>  nuttor  fillers  in  any  part 
of  their  course  from  the  cortex  to  the  cijiius  terminalis.  If  the 
lesion  is  unilateral  and  above  the  deeussatirui,  urdiuarily  only  one 
pyramidal  column  is  distinctly  atl'ected — that  is  to  say,  the  anterior 
pynunidal  tract  of  the  same  side  and  the  lateral  jjynimidal  tract 
of  the  opposite  side.  Careful  microscfipic  investigations,  however, 
have  sliown  that  certain  libers  that  do  not  decussate,  pass  tlown 
the  spinal  cord  in  the  lateral  cobtiuns.  In  cases  of  long-standing 
secondary  degeneration  of  the  |>yramidal  columns  a  certain  amount 
of  simple  atrophy  of  the  ganglion-cells  of  the  anterior  cornua  luis 
been  observed.  Desceuding  degeneration  has  also  been  observed 
in  the  posterior  columns.  In  the  u])per  portion  of  the  cord  it 
assumes  the  form  of  two  small  areas  that  project  from  a  jioint 
slightly  posterior  to  the  gray  commissure  aud  extend  liackward 
and  outward.  This  has  been  called  the  conima-<legeneration  of 
S<^hultze.  In  the  lower  part  of  the  conl  these  descending  fibers 
ap|tear  to  approach  the  posterior  commissure,  and  form  the  oval 
field  of  Fleclisig.  Descending  degeneration  for  a  short  distance 
below  a  total  transverse  lesion  may  be  foLUid  in  ail  th(!  columns. 
Ascending  degeneration  occurs  chiefly  in  the  jiosterior  columns, 
.and  will  be  described  in  connection  with  tabes  dorsalis.     In  case 
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of  isolatotl  injury  to  one  of  tin-  posterior  r(M>t-i,  there  may' 
traced   up>vai"d  a  sk-ndor  liand   of  tlegeiioratioii    tljat  graduallyl 
approaches  the  ]K)sterior  septum.     Asconding  tJegeueration  al-o| 
occurs  in  the  direct  cercbelhir  tract,  and  may  often  lie  found  to  \y 
associated  with  dif»eai«e  of  the  ganplion-cell*  in  C'hirke's  coInmnSij 
It  extends  as  far  as  the  re^tiform  hocJies  in  flie  medulla.     Ascend- 
ing degeneration  also  occurs  in  the  auterolaferal  tract  of  Gower 
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Fio.  3fil.— Sclcroel?  of  the  white  siibslaiice  of  the  cord. 


After  total  transverse  lesion  secondary  alterations  may  ui?uallv 
detected  in  the  remote  i>orfious  of  the  eorrl  in  the  course  of  from! 
five  to  seven  days.     Tliese  altenitions  consist  of  a  swelling  of  tliej 
axis-cylinder.s   and,  within  a  very  short   time,  fiitty  dcgeneiTitioa 
of  the  myelin-sheaths.     Granular  cells  apjH»ar  early  in  tlie  tissue.] 
Ill  the  course  of  a  month  the  degenerative  changes  an-  quite  prfi- 
iiHUiiced,  and  may  readily  he  detected  by  Weigcrt's  meihiKl.    The] 
myelin-shcatlis    have    tlisa])|M'ared   wholly  or   in  part;   the  axis-] 
cylinders  have  also  vanislu'd,  although  some  varicose  tiliers  may  Ix 
found   here  and  there  in   the    lesion.     Compound  granular  irlli? 
largely  till  the  field,  but  there  i.s  also  a  distinct  hvjierpla.sia  of  the 
neuroglia-tissue,  giving   the    area,    microscopically,  a   .«onie\vliat 
gniyish  appearance.     Still   later,  contraction  liegiris  to  «»ecur,  and 
the  appearances  .seen  in  the  primarj-  degenerations  are  found. 


Hifjlily  iiiu;;tiitied  svc-tiim  of  the  ronl  IVoni  ilip  mme  case.  Tlir  wliik-  nrciis 
c<irri'.>p<>nd  t"  nn  iiflivr-  |>ri>lili'nitii>ii  i>f  tliu  tn'iimijliu  <h'1U  will)  di/.-lnii.-liuii 
i»f  the  nijelin  shenths.  The  iit'iiMi^liu  wlls  net  us  M'avuiitriT  <v\h  in  thi^ 
flrstnii-tivi'  jirm-i'ss.  Thuiv  was  im  .■'(•i-iimliiry  (lci;riLerjtii>n  ln-|i>w  the  oervitnl 
cord.  The  di-eiisi'  mil  iiii  luniti'  (.'iiiiiw  luul  preseiittfl  uii  usi'i'iiding  type  of 
pnrnly»iA  (MH"iirthy  iirid   Pwirce). 
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TUMORS. 

Glioma. — Of  the  primary  tumors  of  the  spinnl  cord,  the  most 
frL-qucnt  and  importuiit  in  j^lioina.  Tliis  is  usually  iafiltratinfr  in 
typ«^  and  elongated,  extending  for  a  distance  of  several  .segments 
along  the  conl,  and  wjmetimes  involving  the  nerve-nwts,  causing 
them  to  mwell  and  become  luirder.  It  may  give  rise  to  eurions 
distortions  in  shajie,  and  an  apjwrent  l)y|>ertni|»liy  ;  this  hitter  is 
prolKilily  the  residt  of  the  conipressitiii  in  a  longitudinal  dirt'cti<m 
of  ?^ome  portion  of  tlu-  conl,  so  that  in  u  given  section  more  gan- 
glion-cells are  found  than  would  normally  he  present. 

Prolifenition  of  the  neuroglia r  tissue  of  the  cord,  causing 
increase  in  size  of  the  segments  affected — often  without,  however, 
distinctly  injuring  the  normal  tissue  of  the  cord — may  he  pro- 
duced hy  pressure  on  the  outside  or  l>y  interference  with  the 
circulation.  It  occurs  in  cases  of  tumor  of  the  memhranes  or  of 
the  .spinal  column,  in  disease  of  the  spiind  column,  and  in  jiachy- 
meningitis.  The  nenroglia-( issue  frequently  contains,  in  addition 
to  the  increase  in  the  numher  of  fiLers,  hugt'  nudtipolar  cells  that 
have  lieen  described  in  true  glioniahi  l)y  Stroebe.  They  are  best 
fihown  by  Mallory's  staining  metliod. 

Sarcoma  alone,  or  containing  gliouuitons  or  mucoid  tissue,  or 
of  the  ty[H'  known  as  angiosarcoma,  may  also  aj)pear. 

Carcinoma  and  sarcoma  may  also  ap|>ear  as  metastatic 
growths. 

Cysts  are  exceedingly  riiv,  but  both  the  echinococcus  and  the 
Cysticercus  cellulosse  have  been  reported. 
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CHAPTER    XIV. 
DISEASES  OF  THE  PERIPHERAL  NERVOUS  SYSTEiW. 
THE  GANGLIA  OF  THE  CRANIAL  AND  SPINAL  NERVES. 
The  ganglia,  of  the  cranial  nerves  may  he  diseasefl  as  a 

result  of  estensirni  of  piitbologic  jiroeesses,  n-ually  tulK'rculosis, 
from  the  surrounding  bony  structures.  It  is  probable  that  they 
are  also  subject  to  inttanimatory  changes.  Spillcr  and  Keen  have 
reported  the  results  of  the  examination  of  a  tnmdyer  of  Gasserian 
•  ganglia  removed  on  account  of  persistent  trifacial  neuralgia,  in 
a 
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which  they  found  degeneration — in  some  cases  total — of  the 
myelin-sheaths  and  the  nerve-fibers  in  the  ganglia.  In  one  case 
the  d^enerated  ner\'e-tissne  was  replaced  by  connective  tissue, 
giving  rise  to  marked  sclerosis.  Occasionally  the  oelb  in  the 
ganglia  had  undergone  atrophy,  and  in  all  instances  the  vessels 
were  distinctly  sclerotic,  the  lumen  being  sometimes  completely 
obliterated.  The  authors  believe  that  these  changes  are  not  pri- 
mary, but  secondary  to  lesions  in  the  peripheral  sensory  nerves. 

The  spinal  ganglia  may  also  be  dis«tsed.  Slight  d^enera- 
tive  changes  have  been  noted  in  locomotor  ataxia  and  as  a  result 
of  peripheral  neuritis.  In  this  case  the  walls  of  the  ganglia  show 
swelling  and  granulation  of  the  chromatin-bodies,  and  are  often 
somewbit  shrunken.  More  frequently  the  ganglia  are  involved 
as  a  result  of  disease  of  the  surrounding  bones ;  particularly  caries 
x>r  sarcoma  of  the  spine  may  produce  pressure,  resulting  in 
atrophy,  or,  in  the  case  of  the  former,  areas  of  tubercnlar 
softening.  The  ganglia  of  the  spinal  nerves  are  sometimes  found 
diseased  in  ca.°<es  of  herpes  zoster,  and  are  supposed  to  have  an 
etiologic  relation  to  that  disease.  Zinno  has  reported  a  case  in 
which  there  appears  to  have  been  a  chronic  swelling  of  the  ganglia, 
some  of  which  were  as  large  as  a  pigeon's  ege,  as  a  result  of  a 
hyperplasia  of  the  neuroglia  and  the  connective  tissue.  These 
swollen  ganglia  pressed  upon  the  cord  and  produced  secondary 
degenerations.  Enlarged  spinal  ganglia  have  also  been  observed 
in  acrom^aly. 

THE   NERVES. 
CIRCULATORY  DISTURBANCES. 

Hjrperetnia  of  the  nerve-trunks  attends  acute  inflammatioD$. 
The  vessels  of  the  perineurium  may  be  intensely  injected. 

Hemorrhages  may  result  from  acute  congestion  or  from 
traumatic  injuries.  They  take  the  form  of  punctate  ecchymos«5 
in  the  pt»rineurium  or  endoneurium. 

Sdema  of  the  nerve-trunks  may  occur  in  the  nerves  travers- 
ing an.*;!?  of  inflammation. 

ATROPHY  AND  DEGENERATION. 

Atrophy  of  the  nerves  occurs  in  consequence  of  pressure 
ujxtn  the  nerve  or  as  a  result  of  disease  {neuritui)  of  the  ner\(¥. 
It  may  also  n>sult  tVom  dise:ise  of  the  central  nervous  systora, 
(tiusing  disturlKinoe  or  destruction  of  the  nuclei  of  origin  of  the 
{H'riplioral  norvfs.  Ooctisionally  atrophy  arises  without  dt-tinite 
oausf  in  old  ajr»'.  The  changes  in  the  nerve  are  simibr  to  th(>?e 
t'ollowiiij;  -^nnion  ot'  the  nerve,  and  are  described  under  the  hea<l- 
ins  Dv'jeneration. 

Degeneration. — InjurA-  of  a  nerve  in  its  course  prw»luoe» 
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various  manifestations  in  the  nerve-fibers  corresponding  more  w 
less  to  the  nature  of  tlie  ilestruetive  ageneies.  It  is  obvious  that, 
if  tlie  nerve  be  divided  by  a  clean  incision,  tlie  degenerative 
changes  below  tlie  point  of  incision  will  be  less  extensive  tlian  if 
the  destructive  agent  is  severe,  sueli  as  in  cauterization,  the  crush- 
ing of  tlie  nerve-trunk  witli  extensive  disintegnition,  or  the  re- 
moval of  a  section  of  some  length.  Still  milder  changes,  how- 
ever, may  be  produced  by  a  ligature  that  is  not  cb-awn  tightly 
enough  to  destroy  ctinijdetcly  all  tlie  nerve-filters.  Degenerative 
changes  are  less  pniuounceil  if  there  is  prompt  coaptatiun  of  the 
injured  ends,  or  if  the  cimtiniiity  of  the  nerve  is  not  entirely 
dejitroyed. 

If  a  nerve  is  examined  inmietliately  after  injurj-,  there  will  be 
found  only  deformity  of  the  nerve-fibers.  This  consists  in 
di.sloeation  of  the  inyt'liu  and  ^>crhaps  fibrillation  of  the  axi.s- 
cylin<ler,  so  that  it  seems  ti»  be  crushed  inlu  and  diffused  througli- 
out  the  white  substance  of  the  nerve-fib»'r.  Within  a  few  hours 
the  cells  in  the  myelin-sheath  begin  to  exhibit  signs  of  degenera- 
tion, the  elironiatin  swells,  stains  more  feebly,  and  may  undergo 
fragmentation.  At  the  end  of  eighteen  hours  the  axis-cylinder  is 
usually  slightly  swollen  and  its  outline  becomes  irrugidar.  These 
changes,  however,  are  by  no  means  uniform  throughout  the  whole 
nerve;  some  parts  perhaps  being  almost  normal,  and  others  ex- 
tensively degenerated.  Wieting  states  that  the  eones  of  Sehmidt- 
Lantermann  Iwcome  evident,  and  are  the  first  indication  of  nutri- 
tive disturbance.  At  tlu-  end  <d"  thirty-si.x  hours  the  myeliu-sid)- 
stance  has  undergone  fatty  degeneration,  with  the  formation  of 
small  ghjbules.  These  changes  are  found  on  both  sides  of  the 
lesion  ;  on  the  proximal  .side  extending  to  the  first  node  of  Ran- 
vier,  and  on  the  jKTipheral  side  extending  considerably  beyond 
this.  At  first  tlie  changes  in  both  fragments  are  approximately 
equal,  but  those  in  the  jicrijihcral  en<l  rapitlly  progress,  and  soon 
dominate  the  field.  The  changes  in  the  peripheral  fragment, 
however,  are  more  prf)iioiincc<l  near  the  lesion  and  diminish  to- 
ward the  periphery.  In  the  central  end  there  are  lU'arly  always 
a  few  fibers  that  degenenite  as  far  as  the  spinal  cortl,  but  these  are 
the  exception. 


REQENERAXrON  AFTER  INJURY  OF  A  NERVE. 

The  first  sign  of  regeneration  is  proliferatiim  of  the  cells 
of  the  sheaths.  Their  nuclei  exhibit  karyokinetic  figures,  and 
there  appears  to  be  an  increase  in  their  proto|ilasmic  substance. 
At  the  same  time  the  cells  of  the  connective  tissue  also  under- 
go multiplieation  and,  to  a  certain  extent,  act  as  phagtieytes, 
ab.sorbing  the  fatty  detritus.  The  jirotoplasm  of  the  cells  of 
the  sheath  gradually  elongates  an<l  occupies  the  situation  of  the 
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myelin-substance  and  the  old  axis-cvlinder.  Tliere  aj^ieais  ti 
some  doubt  whether  these  changes  are  more  {»ODOiuiced  in 
proximal  ur  distal  fragments;  at  any  rate,  the  protoplasm 
the  cells  of  the  sheaths  on  both  sides  of  the  lesion  seen 
possess  ptu^ocvtic  properties  and  to  absorb  some  of  the  fiit 
detritus  resulting  from  the  degenerative  chaises.  The  pr 
plasmic  ma^  osuallT  closes  the  free  ends  of  the  nerve-fib 
and  assumes  a  somewhat  conical  form,  not  unlike  a  node 
Ranvier.  Hiis  mass  appears  to  be  continuous  with  the  parti 
d^enerated  end  of  the  axis-cylinder.  Toward  the  end  of 
first  week  the  elongated  protoplasmic  masses  in  the  end  of 
ner%-e-fibers  become  somewhat  difierentiated.  In  the  inte 
may  be  seen  a  delicate  fibrillated  stmcture  that  appears  to  be  < 
tinuous  with  the  axis-cylinder  of  the  nerve ;  oot^de  of  this  i 
delicate  grayish  membnue,  but  both  of  these  structures  lie  wil 
the  old  myelin-sheath,  in  as  fiur  as  it  is  preserved.  There  is  c 
siderable  dispute  among  pathologists  as  to  whether  the  coi 
fibrillated  ma:!«s  arises  from  the  pre-existing  axis-cylioder  or  fi 
the  protoplasm  of  the  cells  of  the  sheath.  Stroebe  mainta 
the  former  \new.  and  believes  that  the  axis-cylinder,  as  sooo  a 
supporting  and  directing  skeleton  has  bera  formed  by  the  pn 
plasm  of  the  cells,  begins  to  grow,  extendii^  toward  die  ka 
outward  along  the  protoplasmic  support.  It  is  certain,  at  i 
rate,  that  in  the  course  of  time  the  di^rentiation  becomes  so  < 
tinct  that  it  can  be  ^een  that  the  fibrillated  central  ponioo 
delicate  axis-cylinder  continuous  with  the  old  one.  and  that 
gray  mass  i*  beoominst  the  myelin-sheath  of  the  fiber, 
the  new  nervc-fibeis  increase  in  length  they  gradually  j 
thn.>u^  the  injured  aiva  and  come  in  contact  with  the  pcoxii 
area  of  ihe  peripheral  fragment.  In  this  a  somewhat  similar. 
oertaialy  les^  active,  procesi>  has  been  taking  place — that  is  to : 
the  cells  of  the  sheath  have  undergone  proliferation  and  h 
fonne\l  pn»copiasmto  masses  at  the  ends  of  the  fiber.  IKfferefl 
tion  in  this  pnnoplasmic  mass  does  mu.  h«>wever.  appear  to  t* 
until  the  new  axis-cylinder  nsaches  it.  Gradually  the  ne 
apprv>xiKia:es  morv  and  monf  cl<»?ely  to  the  normal  appearai 
the  ax:s-^  vltn«ler  l^cvHuinsr  more  dtstinct  and  the  myvtin-sl^ 
thioktr  ::".'.  t:  t-an  be  •*aid  to  be  re-established.  In  the  ox: 
ot"  ;h.  ai>s.>n»'i'>n  of  the  £»tty  and  other  detritus,  cells  ac 
K.:-.:";»:t  i:'.  :h-  '.-"^aaective  tisssiie  of  the  nerve  and  between 
r.'>ri  :r_i:  ;•r^■  r.'.\\l  w::h  tat -droplets,  which  are  probably  •;■« 
rury  .>-•.•>.;•■  i  ^r.tr.ular  cells.  It  is  questionable.  l*>w>*^ 
T.-.:,.- r  :  ■  V  .irv  .•.  r-.v.-l  tnxa  the  eodotbelium  of  the  Its; 
SIX*  t^  r  :"r  r.-.  :r,-:  ".rMk-x-ynss.  or  whether  they  reposreni 
<ri>--  :'  ::.  ;r  ";:-n:eil  cells  of  the  sheath.  Smewha:  sx: 
>-  •••>  r.:n-.-  r^.isv^~  may  '>r  t>.Mind  that  rvsemble  vwr  ck»re-> 
a:v.v"  • ;    r  "n^V. :ii  S>i:es  of  the  central  nervoQ*  svsteiK.     I: 
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Btinly  of  those  subjocts,  ii.'»  in  the  study  of  the  details  of  all  the 
tiritT  fitnictiires  of  the  nervous  systt-ni,  niueh  depends  ujrih  the 
freshness  of  the  tissue,  the  niethoil  of  fixation,  itud  the  stain  eiu- 
plovfd.  Stroebe  used  ehietly  iiniliii-lilue,  wliich  stjiins  the  axis- 
cylimler  distiiietly.  Wm  BiiiijijniT  ciiijdoyed  saffrauin.  Neither 
niethoil  renders  it  iihsolutcly  c-ertiiiir  whether  the  new  axis-eylinder 
is  forinol  by  the  elnujraliun  of  the  pre-existinfi  axis-eylinder  or 
from  tlie  [)ri>to[)lasni  of  tlie  eells  of  the  sheath.  It  seems,  a  priori, 
reasonable  to  eouelude  that  if  the  axis-cylinder  does  not  directly 
elonipite  and  form  tiie  new  axis^'vlinder,  at  any  rate  it  exeretses 
some  ])eculiar  Inipliie  influence  uimhi  the  ]irotoj>lasm  of  tlie  cells 
in  inime<liate  cuniuet  with  it,  and  is  the  cause  of  the  ]weuliar 
differentiation  inti*  fitirillar  substance.  It  is  certain,  niorco\-er, 
that  as  this  tibriilar  mass  jirows  downward  it  passes  by  the  nuclei 
of  the  cells  of  the  sheath,  and  does  not  appear  to  grow  by  the 
biniple  conversion  of  cfnitijjuiins  protophisni.  On  the  other  Imnil, 
if  the  loion  has  caused  dcytructiun  of  an  extensive  jiortinn  (if  the 
nerve,  si>  that  the  new  axi>-(yltiiilers  do  not  cunie  in  ctiutaet  with 
the  jK'ripheral  fragment,  they  cease  to  grow,  forming  first  an 
irregular  mass  of  fibers  with  th'lieate  niyelin-slieaths,  that  are 
fioon  surrounded  ami  CHin]>iTssed  by  tibroiis  connective  tissue. 
It  therefore  seems  jilausiblc  to  believe  that  certain  nutritive  ele- 
ments are  contained  in  the  perijiberal  scginent,  vvliieb,  if  they  do 
not  form  the  axis-cytiudcr  directly,  are  at  least  absolutely  essen- 
tial to  it^  growth  and  vitality. 

INFLAMMATIONS. 

Neuritis  may  lie  either  acute  or  chronic.     It  has  aleo  l>een 

classified  as  parenchymatous  and  interstitial  ;  the  former  conijiris- 
ing  the  degenerations  of  ihc  nerve-fibers  without  involvement  of 
the  connective  tissue,  and  the  latter  com|irising  all  those  fonns 
associated  with  the  characteristic  signs  of  an  infianunatory  proc- 
ess in   the  etmuective  tissue  of  the  nerve. 

Acute  interstitial  inflammation,  or  neuritis  jiropcr,  may  be  enused 
by  direct  extension  from  .'in  inflammatory  foeiis  in  the  ^tirroitnding 
tissue  or  bv  trauma,  or  as  tin*  result  of"  some  as  yet  uidviiown 
p>ison,  which  is  genenilly  siijiposed  to  be  rheumatic  in  nature.  It 
may  also  occur  in  the  e<iiirse  of  acute  infectious  diseases,  or  as  an 
inde}>endenl  condition,  as  in  lieri-beri.  The  iiiHiiTiiniatnry  changes 
occur  in  the  perineurium  and  the  endoneiirium.  Tlie  ihtvc  is 
swollen,  soft,  and  pinkish  in  color.  Mieroseopically,  both  the 
perinciiJ-ium  and  the  traliecidie  of  connective  tissue  arc  increased 
in  size,  the  blotwi-vessels  are  distemlcd,  and  there  is  extensive 
round-<'ell  infiltnition.  In  the  acute  forms  partially  dcgcnernted 
fillers  witii  fatty  myrlin-shcatlis  and  swollen  axisH'yIiiiders  are 
found  very  early.     The  primary  change  un<piestional>ly  occurs  in 
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in  jmrtioular  is  assfx-iated  with  muscular  degeiienitioii,  and  appears 
to  give  rise  to  the  type  known  a.n  tlie  neural  tbrni  of  progressive 
muscular  atrophy.  Associated  changes  are  otlen  found  in  the 
spinal  coixl,  and  consist  of  an  ascending  degeneration  in  the  pos- 
terior columns  and  more  or  less  altenitiun  of  the  ganglion-rclls. 
In  a  variety  of  this  disease,  described  by  IVjeriut-  under  tlie  name 
of  cliroiilc  liifpi'iiri'phic  hiferxtitutl  neurilin,  there  is  an  actual  over- 
growth of  the  councetive  tissue,  tlie  nerve-trnnks  forming  huge, 
firm  cords,  several  times  the  normal  thickness,  that  may  readily 
l)c  felt  beneath  the  skin.  This  disease  is  apparently  due  to  some 
hereditary  influence;  two  of  the  three  enses,  hitherto  reportwl, 
occurring  in  the  same  family.  Microscdpieally,  the  changes  con- 
.sist  f>f  an  enormous  |)n>!ifenitii)n  nf  the  eonuecttve  tissue  with 
round-eel!  infiltratitiu,  partly  ahout  the  .sclerotic  lilood-vos.sels, 
and  pronounced  degeneration  of  the  nerve-fibers.  The  muscles 
undergo  degenerative  atro|ihy,  and  there  are  secondary  degenera- 
tions iu  the  spinal  cord. 

Suppurative  neuritis  is  nearly  always  secondary  ti>  supnimition 
in  the  tissue  surrounding  the  nerve.  It  is  characterized  bv  the 
presence  of  small  flM;i  of  pus  in  the  connective  tissue  and  softening 
of  the  nerve-trunk.     The  uerve-tihers  degenerate  very  rajiidly. 

Parenchymatous  neuritis  is  characterizetl  by  a  primary  degener- 
ation of  the  nerve-fibers,  the  allcnitions  in  the  connective  tis>ue 
l)ciiig  secundary.  It  is  always  due  to  sonic  toxic  nr  infectious 
substance  eireulating  in  the  fluids  of  the  body.  The  most  common 
csuLses  are  lead,  arsenic,  alcohol,  antl  diphtheria  ;  but  it  also  occurs 
as  a  result  of  other  jmisons  and  infectious  disea.ses,  and  in  the 
Course  of  tabes  dorsalis.  The  nerve-trunk  becomes  slighter, 
firmer,  ancl  grayer.  Inflammatory  changes  are  slight  or  absent, 
while  tlie  degencnitioii  of  the  nei-\('-fil(ers  is  pronoimced.  Changes 
have  frcfpii'ntly  been  found  in  the  cells  it)  the  anterior  cornua  of 
the  sjiinal  cord. 

Polyneuritis  does  not  ditlcr  from  the  isolated  form,  excepting 
tliat  a  nutnber  of  nerve-trunks  in  various  parts  of  the  bodv, 
usually  the  limlis,  are  affcctwl  at  the  same  time.  It  is  most  fre- 
quently of  the  jKirenchymatous  type. 


INFECTIOUS  DfSEASES. 

Ttiberculosis  of  the  nerve-trunks  is  due  to  direct  extension. 
It  most  eivnimouly  itill'ects  the  nnits  of  the  nerves,  aufl  occurs  in 
the  course  of  tuberi-uiar  s])innl  or  eercliral  pachymeningitis.  The 
connective  tissue  is  first  uHi-cted,  ;ind  may  contain  small  cheesy 
foci,  in  which  epithelioid  and  giant-cells  are  found.  The  nerve- 
fibers  degeneititt'  secondarily. 

Sj^hilis  al.«o  occurs,  chiefly  in  the  nerve-roots.  It  causes 
overgrowth  of  the  connective  tissue,  partieularly  in  the  perinen- 
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rium,  with  pressure  upon  and  d^nentioo  of  the  nefve-Sbers. 
Gummata  are  sometimes  observed  upon  the  cnnia]  oerrcs. 

I^eprosy  is  characterized  by  the  presence,  in  the  oonnectivie 
tissue  of  the  nerve-fibers,  of  large  epithelimd  oelb  oontainii^ 
vacuoles  more  or  less  filled  with  lepra-bacillL  The  faaciUi  ciii:« 
a  certain  amount  of  hyperplasia  of  the  connective  tissoe.  whicb 
presses  upon  and  eventually  destroys  the  nerve-fibeis.  The  dis- 
ease affects  the  small  cutaneous  nerves  almost  exclndvelv,  and 
causes  anesthesia  and  trophic  changes  in  the  skin. 

TUM0R5. 

Neuroma. — The  tumors  embraced  by  this  term  have  been 
sufficiently  described  under  the  heading  Neuroma,  in  Part  I. 

Sarcoma  is  a  rare  tumor  of  nerve-trunks.  It  takes  i^  <»igiii 
from  the  connective  tissues  of  the  nerve. 

Muscle-fibers  are  sometimes  found  in  intramnscnlar  nerve- 
trunks.  They  usually  exhibit  proliferation  of  the  noclei,  bnt  the 
striations  remain  distinct.  Their  position  has  been  ascribed  to 
errors  of  development,  but  it  is  not  certain  that  they  are  without 
function. 


PATHOLOGIC  TECHNIQUE. 
GENERAL  METHODS. 

L  EXAMINATION  OF  FRESH  SPECIMENS. 

f  The  microscopic  examiriatinn  of  fresh  apecinieiis  has  fallen  into  disuse  to 
a  large  extent  since  the  liiscuvery  and  perfection  i>f  methotlH  of  fixation,  um- 
bfdtiing,  and  siaining.  There  are,  however,  aume  advantages  in  exaiiiiiiiiig 
freith  tissues,  especially  in  the  study  of  tlie  changeM  in  the  Sner  slructurc  of 
cells.  In  cloudy  sweiliiig,  liydrojjsical,  fatty,  and  mucous  degenerations  the 
cellular  changes  are  much  more  distinct  in  the  fresh  than  in  the  fixed 
specimen. 

1.  Sectioning  Fresh  Tissue. — Sections  may  be  cut  free  hand  with  a 
razor  or  with  the  freezing  microtome  or  double  knife  and  examined  in 
certain  inactive  solutions,  such  as  jihysioiogic  salt  solution  10.6  to  (1.8  per 
cent.)  or  sterile  serum,  hydrocele  fluid,  ascitic  liquid,  or  freshly  voided  urine. 
A  section  of  the  specimen  cut  ;w  thin  iis  jiossihle  is  j)laced  in  tlie  examin- 
ing fluid  on  the  glass  slide  and  covered  with  a  cover-ghuss  which  is  sealed 
to  the  slide  with  va-selin  r>r  combination.'!  of  vase! in  and  wax  to  prevent 
evaporation  of  the  fluid.  When  iransudatcs  are  used  as  the  examining  fluid 
their  removal  must  be  carefully  conducted  so  as  to  secure  .sterile  liquid,  and 
if  there  are  many  cells  in  the  fluid  tlicse  should  be  removed  by  centrifu- 
gatinn  or  by  allowing  the  Huid  to  «taiid. 

2.  Teasing. — Tliis  i.s  parlicnlarly  useful  for  ela-stic  tissues,  muscles, 
nerves,  an<i  tendons,  and  for  ■surh  moiors  as  myofibroma,  spindlc-cell  sar- 
coma, etc.  The  tissue  may  Iw  teased  with  needles  in  its  fresh  stale  or  may 
require  preliminary  niacertUion  in  certain  fluid.s.  For  tliis  laltrr  jiurpose 
one  or  the  other  of  the  following  fluids  are  recommended,  and  the  piece  of 
tissue  intended  for  maceration  is  placed  in  a  watch-gliLss  and  barely  covered 
with  the  macerating  liquid.  It  is  allowed  to  stand  for  various  periods  of 
time,  according  to  the  Irquid  used. 

{(t)  A/rohof  (33  per  cent.). — Useful  for  muscles  and  glandular  organs. 
Small  [lieces  macerate  in  twenty-four  hours. 

(b)  KHO  Soliilimi  (Wl't  jier  cent.)  (freshly  prepared). — The  tissue  is 
macerated  for  from  ten  to  tlftcr'n  minutes;  then  placed  in  50  percent,  acetic 
acid,  in  which  it  is  moved  to  anil  fro  for  a  minute  and  then  examined  in 
glycerin,  either  immedintelv  or  after  staining  with  aluni-carmin. 

(c)  Chromic Ari'l {\  :  2i».0Wor  1  :  IfXt.onO).— This  macerjitos  in  twenty-four 
hours.  Potassium  bichromate  i'2  per  cent.)  and  Miillor's  sohition  act  in  from 
two  to  four  days.  These  .solutions  are  esjipciully  useful  for  the  brain  and 
spinal  cord,  to  isolate  the  ganglion-cells,  glia-cells,  and  ncrve-flbers. 

((/)  Onmic-ncifl  tnliitmn  (1  per  cent.)  is  useful  for  mediiUated  or  non- 
medullatcd  nerves. 

3.  Chemical  ag:ents  may  be  necessary  to  bring  out  the  cells  more  dis- 
tinctly or  for  microcbemical  reactions.  The  reagent  is  placed  at  one  side  of 
the  cover-glass,  the  thin  section  having  previously  been  placed  in  position 
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on  the  slide  with  one  of  the  inactive  examiniiu;  fluids  and  covered  with  a 
cover-glass.  The  examining  fluid  (normal  NaCl)  in  which  the  section  is 
immersed  is  drawn  away  from  the  specimen  with  a  piece  of  blotting-paper 

S laced  at  the  opposite  side  from  the  reagent.  In  this  way  the  specimen  is 
ooded  with  the  reagent  while  the  reaction  is  watched  under  the  microscope. 

Among  the  useful  chemical  reagents  are  the  following : 

(a)  Acetic  acid  (ordinary  concentrated  acetic  acid  or  2  to  3  per  cent, 
glacial  acetic  acid  may  be  used). — This  causes  connective-tissue  fibem  and 
cellular  protoplasm  to  swell,  while  the  nuclei  shrink  and  become  more  dis- 
tinct   Mucus  is  precipitated  bv  acetic  acid  and  becomes  granular. 

It  is  used  in  the  difiierential  diagnosis  between  albuminous  (parenchr- 
matous)  and  fatty  degeneration.  In  the  former  the  granules  are  rapidly 
dissolved ;  in  the  latter  they  remain  unchanged.  Elastic  fibers  and  many 
bacteria  are  uninfluenced  by  acetic  acid,  and  thus  are  rendered  more 
distinct. 

(6)  Potaisium  acettUt  in  concentrated  solution  brings  out  the  nucleus 
more  clearly. 

(c)  Potamum  hydrate  or  sodium  hydrate  solutions  of  1  to  3  per  cAit. 
strength  dissolve  most  tissues,  but  have  little  effect  on  elastic  fibers,  fat, 
many  pigments,  bacteria,  amyloid  material,  and  bone. 

(a)  Hydrochloric  acid  (3  to  5  per  cent.)  and  sulphuric  acid  may  be  used  to 
decalcify  calcareous  tissues.  The  latter  acid  forms  calcium  sulphate  crys- 
tals when  used  for  decalcification. 

(e)  Otmie  acid  (1  to  2  per  cent.^  is  useful  in  studying  fatty  tiasues,  as  it 
turns  the  fat  black.  Sudan  III.  (1  per  cent,  in  80  per  cent,  alcohol)  stains 
fat  red. 

(/)  LugoVt  «o/u^ton  (iodin  1,  KI  1,  water  100),  diluted  three  to  four  times 
just  before  using,  brings  out  the  nucleus  and  nuclear  structures  and  stains 
glycogen  and  amyloid  tissue  dark  brown. 


n.  FIXING  AND  HARDENING. 

Fixing  has  for  its  purpose  the  retention  of  the  form  and  structure  of  cells 
and  their  relations  in  the  tissues.  Hardening  is  a  secondary  process  by 
wliicli  the  tissue  is  rendered  more  consistent  to  prepare  it  for  section-cutting. 
In  most  ciises  the  chemical  agents  used  both  fix  and  harden  at  the  same 
time. 

1.  Qeneral  Rules. — (a)  The  objects  must  be  small  (not  above  1  to  5 
mm.  thick),  iw  the  fluids  will  not  penetrate  larger  pieces. 

(6)  Excess  of  fluid  should  be  used — ten  to  twenty  times  the  volume  of 
the  ti.ssue  to  be  fixed.  The  solution  should  be  changed  after  the  first  hour, 
and  then  daily  until  fixation  has  been  completed. 

(c)  Cottonj  gliiss-wool,  or  blotting-paper  should  be  placed  in  the  bottom 
of  the  receptacle  and  between  pieces  of  tissue,  so  that  the  fixing  and  harden- 
ing fluid  surrounds  the  specimens  completely. 

(r/)  After  fixation  the  specimens  are  wasned  for  from  one  to  twenty-four 
hours  in  running  water  and  then  hardened  in  gradually  increasing  strengths 
of  alcohol.  The  more  slowly  the  strength  of  the  alcohol  is  increased  the 
less  shrinking  takes  place. 

2.  Agents  Used  for  Fixing  and  Hardening. — (a)  Alcohol. — Strengths 
of  %  to  10<»  jicr  cent,  m.ay  be  used  in  ordinary  cases.  From  70  to  90  per 
cent,  alcohol  is  slower  in  action  and  less  complete,  but  gives  better  results. 
The  alcohol  sliould  be  changed  at  least  three  times,  and  always  as  soon  as 
it  becomes  cloudy. 

Alcohol  is  useful  for  rapid  fixation,  for  the  demonstration  of  bacteria  in 
the  tissues,  and  also  tor  demonstration  for  glycogen,  as  the  latter  dissolves 
in  wjitery  solutions. 

Alcohol  is  not  useful  in  some  cases,  as  when  tissues  are  particularly  liable 


AND  HARDENING. 

to  shrink  and  in  ca^ea  \a  which  it  \a  intended  to  bring  nut  red  corpuscles 
and  various  pigment. 

(b)  Formalin. — Tlii»  i»  one  of  the  be»t  fixing  agent*  for  piithulogie  ma- 
terial, althougli  it  doea  not  answer  in  every  cjise.  It  i»  .satis laL-tory  for 
practically  all  the  staining  methodn,  including  bacterial  staining.  Among 
Its  special  adviuitages  are  ita  fixation  of  red  corpuscles  and  the  rapidity  of 
itH  action.  The  solutions  sbouUl  be  kept  in  dark-brown  bottles  and  the 
strength  may  be  varied  in  dirteretit  cases  from  4  to  10  p>er  cent.  (That 
is,  the  commercial  ¥i  per  cent,  solution  is  diluted  with  !>  parts  or  3 
parts  of  water  respectively.)  The  4  per  cent,  solution  is  generally  used. 
The  stronger  solutions  sunietinies  cause  red  corpuscles  to  becr»rne  brown  and 
also  produce  jiigmented  precijiitatioiis  which  have  soinetiiues  been  mis- 
taken for  parasites.  This  precipitation  also  occurs  after  jirolonged  fixation. 
The  fixation  recjuires  from  three  to  twenty-four  hours,  and  the  hardening 
mav  be  carried  on  in  alcoiiol  with  or  without  preliminary  washing  in  water. 

Muller's  fluid  containing  10  per  cent,  formalin  (Urth's  solution)  is  very 
U.seful.  It  should  be  freshly  prepared.  Fixation  requires  fri>m  three  to 
twelve  liours.  The  specimen  is  then  washeil  thoroughly  in  running  water. 
Fixation  should  not  be  carried  too  far  lest  the  tissue  become  brittle.  This 
solution  is  almost  a  universal  fixing  agent ;  it  la  rapid  and  gives  good 
results. 

Absolute  alcohol  containing  3  to  5  per  cent,  formalin  is  useful  when  very 
rapid  fixation  is  re<|uired. 

(f)  Subllifliate  Solution. — This  fixes  cells  and  also  re<l  corpuscles  and 
pigments.  The  specimens  should  he  small  and  thin.  Sublimate  may  be 
used  in  the  following  solutions  : 

(1)  Saturated  aiiueous  solution.     Fix  fiir  from  three  to  six  hours. 

(2)  Saturated  sublimate  in  normal  NaCl.  Dissolve  by  heat.  Fix  for 
from  three  to  six  hours. 

(3)  Sublimates,  acetic  acid  1,  distilled  wnter  100.  Fix  for  twenty-four 
hours.     This  fluid  causes  very  little  shrinking 

(4)  Zenker's  solution:  Sublimate  ."»,  iiotassium  bichromate  2.5,  sodium 
sulphate  1.  distilled  water  1<W.  Dissolve  with  the  aid  of  heat,  and  add 
glacial  acetic  acid  .5  just  before  using. 

After  sublimate  Hxatir>n  the  specimens  must  he  wa.shed  thoroughly  In 
running  water  for  at  least  twenty-four  hours,  and  then  to  remove  the  last 
trace  of  subliumte  they  are  placed  in  a  dark-lirown  solution  of  iodin 
in  70  per  cent,  alcohol  and  changed  us  often  as  the  iodin  is  decolorized. 
Very  prolonged  use  of  iinlin  may  injure  the  .staining  power  of  the  cells. 
To  obviate  this  the  stibliinate  may  rcitoiin  in  the  sjieclmen  until  the  tissues 
are  cut,  when  the  sections  may  he  put  in  Lugol's  solution  for  ten  minutes, 
and  then  in  alcohol  to  remove  the  iodin. 

Among  the  staining  methods  especially  useful  nfler  sublimate  fixation 
are:  eosin  ami  hematoxylin,  Bicmdi-Heiilenhiiin's  srdution.  or  Heidenhain's 
iron-hematoxylin  methoii. 

('/)  Chromic  Acid  and  Chromate§.— The  acid  in  O.O.'i  to  0..t  per  cent,  .solu- 
tion may  be  used,  but  lx*tter  results  are  obtained  with  chromates. 

Mulier'a  solution: 


Potassium  bichromate, 
Sodium  sulphate, 
A<]ua  dest., 


2.5  gin. ; 
1.0    " 
100.0  ccm. 


A  great  excess  of  liquid  should  be  used,  and  fixation  requires  a  long 
time,  ten  weeks  or  longer.  For  one  week  the  Huid  should  be  changed  daily, 
then  two  or  three  times  weekly  for  two  or  three  week.s,  and  then  once  a 
week.  The  addition  of  a  small  piece  of  camphor  prevents  the  growth  of 
bacteria  and  yeast-fungi  in  the  solution.  The  fixation  is  more  rapid  when 
the  solation  containing  the  specimen  is  kept  at  37°  C.  (98.3°  F.). 
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After  fixation  wash  for  twenty-four  hoiua  in  running  water  (exceptii 
in  the  case  of  nervous  tissues),  and  then  place  the  specimens  in  alcohols  < 
increasing  strength. 

Hematoxylin  and  eoein  give  the  beat  results  after  this  fixation,  bat  ca 
min  and  other  stains  also  give  good  results. 

(e)  Osmic  Acid. — The  solution  should  be  made  in  boiled  distilled  wat 
and  kept  in  a  dark  place  or  in  dark  bottles  with  glass  stoppers.  The  sol 
tion,  however,  rapidly  spoils. 

Only  very  small  pieces  of  tissue  (1  to  2  mm.  thick)  should  be  placed  : 
osmic  acid,  as  the  fluid  does  not  penetrate  deeply.  Fixation  snould  I 
carried  on  in  the  dark. 

After  fixation  the  tissues  must  be  washed  in  rtinning  water  for  fro 
twelve  to  twenty-four  hours,  and  then  hardened  in  alcohol. 

As  ether  and  xylol  dissolve  the  fat  which  has  been  stained  in  osmic  aci 
they  cannot  be  used  for  embedding.  Chloroform  or  clove  oil  should  I 
u»ed.  In  mounting,  Canada  balsam  containing  only  a  slight  amount  ( 
xylol  should  be  used,  the  balsam  being  made  liquid  by  warming. 

Among  the  solutions  of  osmic  acid  in  common  use  are : 

(1)  1  per  cent,  solution  in  water.  This  is  satisfactory  to  demonstrate  fi 
and  to  fix  nervous  tissue. 

(2)  Flemming's  solution : 

Chromic  acid  (1  per  cent.),  15  parts; 

Osmic  acid  (2  per  cent.),  4     " 

Acetic  acid,  1  part  or  less. 

Fix  for  twenty-four  hours  or  longer,  then  wash  in  running  water  ft 
twenty-four  hours,  and  harden  in  alcohol.  This  solution  is  especial) 
valuable  for  the  demonstration  of  nuclear  structures  (karyokinesis)  and  t 
show  fat  in  tissues.    It  may,  however,  be  used  for  other  purposes. 

Safranin,  gentian-violet,  and  carbol-fucbsin  give  good  results,  but  stait 
ing  with  hematoxylin  is  somewhat  difficult. 

(8)  Hermann's  mixture : 

Platinum  chlorid  (1  per  cent.),  15  parts ; 

Osmic  acid  (2  per  cent.),  4    " 

Acetic  acid,  1  part. 

Bmall  pieces  are  fixed  for  from  one  to  four  days,  then  washed  in  watt 
for  from  three  to  twelve  hours  and  hardened  in  alcohol. 
(4)  Altmann's  fixation  fluid: 

Potassium  bichromate  (5  per  cent.),  ]  j 

Osmic  acid  (2  per  cent.),  J      •       ■ 

This  fluid  is  useful  to  demonstrate  cellular  granules. 

(r))  Specimens  fixed  for  twenty-four  hours  with  Orth's  (Miiller)  forra< 
solution,  and  further  fixed  in  1  per  cent,  osmic  acid  in  the  dark,  give  ver 
good  results. 

(./')  Fixation  by  Heat. — Boiling  tissues,  such  as  edematous  lunes,  cyjti 
the  kidney  in  nephritis,  etc.,  gives  good  results  by  coagulating  the  albumii 
(lus  contents  of  the  tissues.  Small  pieces  are  placed  in  boiling  water  ft 
from  one-half  to  one  minute  and  then  passed  through  alcohol,  etc. 

m.    DECALCmCATION. 

Bones  and  other  tissues  containing  calcareous  matter  or  bony  particli 
must  be  first  decalcified.  For  this  purpose  acids  of  different  kindsare  use 
The  more  slowly  the  decalcification  is  carried  out  and  the  weaker  the  soil 
tion  of  acid  the  less  injury  is  done  to  the  tissues  and  the  better  the  result 
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1.  Qeneral  Rules. — (a)  Use  a  great  excess  of  the  decalcifying  liquid 
audcliiiiige  Irftiui-ntly. 

(6)  Use  small  jiii'res  <if  tissue. 

(<■)  Run  a  needle  tlimugli  tlie  tifwue  during  decalcification  to  test  the 
compietenws  oftlie  process. 

{(I)  \Va.sh  thorough ly  to  remove  acid  after  detalcitieation. 

\e)  Previous  tixiitioii  of  tii«sues  is  often  desirable  before  decalcification. 

(/)  ("elloldin  embedding  gives  the  be*t  re.sults. 

2.  Decalcifying  Fluids. — [a]  MQIIer'i  solution,  with  or  without  pre- 
vious tjxatiiiti  )ri  fiirniiiliii,deeulcitiert  slowly,  the  time  reijiiired  viiries,  up  to  a 
month.  .\  co[istant  temperature  of  37°  C.  or  the  addition  ut'  a  little  nitric 
acid  (.Muller's  solution  2Un  to  ;jO(J,  UNO,  1)  gives  good  result.-*  with  small 
piecejt,  as  portioiw  of  the  lioncs  in  rtcket.s,  congenital  syphilis,  teratoma.*, 
etc.     After  decaleiticiUioii  wnah  thoroughly  in  water. 

(b)  Nitric  acid  is  the  must  frecjuently  used  decalcifying  agent,  and  is  em- 
ployed in  a  niiinher  of  iliH'erent  mixtures. 

(!)  Thnmn  Mdkmi. — The  tissue  is  flxeil,  tlien  hardened  in  alcohol,  after 
whii:h  it  is  placed  in  a  mixture  of  alcoljcd  5  parU  and  olficinal  HNO,  1  part. 
The  mixture  must  be  shaken  from  time  to  lime  and  l're<[Uenlly  changed. 
The  decalcification  is  completed  in  from  eight  to  Inurteeii  days,  after  which 
the  tissue  is  placed  in  alcidiol  of  inereasinu;  strength,  U|t  to  %  ]ier  cent.,  to 
remove  the  acid.  Hy  testing  the  last  aloojiol  witli  litiuus-paoer  the  disap- 
pearance of  the  acid  reaction  can  be  determined.  It  is  well  to  iidil  to  the 
tIG  per  cent,  alcohol  an  excess  of  precipitatetl  carbonate  of  calcium  and  to 
continue  lliis  one  day  after  the  disappearance  of  the  acid  reaction. 

(2)  Hniiijn  Method. — This  is  especially  useful  fortissues  fixed  in  sublimate 
or  formalin : 


Nitric  acid  {s)i.  gr.  1.2-1..')), 
Almoluto  alcohol, 
Distilled  water, 
Soiliuin  chhirid, 


3.0-9  ccni. 
70.0 
8*1.0 

0.2.3    gm. 


This  acts  quickly,  but  the  solution  must  be  frequently  changed  and  the 
tissue.s  thoroughly  wa.she<l. 

(^5)  Rapid  results  are  obtained  with  a  solution  of  nitric  acid  and  fihloro- 
glucin.     Tiie  latter  protect.*  the  tissues  against  exceasive  action  of  the  acid : 

Pliloroglucin,  1  part; 

Nitric  acid,  (5  parts; 

Alcdiol,  70     " 

Water,  80     " 


IV.    EMBEDDING. 

The  object  of  ejnbedding  is  to  facilitate  the  cutting  of  thin  sections  oftlie 
tiiwues,  especially  those  of  .spongy  texture;  to  preserve  the  relationship  of  the 
comjHoients  of  a  tissue,  and  to  allow  the  cutting  of  very  thin  sections  and  of 
the  handling  of  these  after  cutting. 

A.  F>arM(Jn  Method. — The  specimen  must  first  be  fixed  and  hardened, 
and  then  tiiorouglily  dehydrated  by  pa.Hstng  through  various  strength.*  of  alco- 
hol and  finally  through  absolute  sdcohol.  Two  methods  of  paraffin  embed- 
ding are  in  use,  the  stow  and  the  rapid  methods. 

f/i)  Sfoic  Mfl/iml. — .\fter  removing  from  absolute  alcohol  place  specimen 
in  xylol,  changing  several  times.  It  is  allowed  to  ri'main  only  until  it  is 
transparent — from  two  to  three  hours.  If  kept  longer  in  xylol  the  tissue  be- 
comes brittle  and  slirinks.  It  is  tlien  ]daced  in  xylol-pnralhn,  a  saturated 
solution  of  paraffin  in  xylol.  It  remains  here  from  two  to  three  hours.  It  is 
then  pLiced  in  melted  paraffin,  having  a  melting-point  of  from  54°  to ■lO"  C. 
in  .summer  and  winter  respectively.     The  melting-point  can  be  regulated 
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best  by  mixing  varying  quanlHint  i>(  paraffin  having  nielting-ixiinUi  of  J4° 
to56°C.  and  ■l''i°C  At'trr  the  first  half-hour  the  melted  paruniii  should  be 
rhanged  so  iis  to  removi;  the  xylol.  The  entire  time  for  the  melted  panAD 
is  from  two  to  five  hours,  according  to  the  iiize  and  structure  of  the  tuwie. 

{!')  Rapid  Methnti. — 1.  A  small  [liece  of  tissue  (2.0  mm.  in  thicknew)  ii 
placed  in  Orth's  solution  for  one  hour  and  wa.shed  in  running  water  fornD«- 
tialf  hour;  then  in  80  per  cent,  alcohol  lor  one-half  hour;  9>'>  percent 
alcohol  for  one  hour ;  and  ab»olute  alcohol  for  one  hour. 

2.  Anilin  oil — one  hour  or  until  transparent. 

8.  Xylol — from  two  to  four  hours,  changing  once. 

4.  Xylol-paratiin  (melted  pariitliu  and  xylol  e<|ual  part*) — two  houn. 

h.  Melted  paraffin,  .M" C.  (summer),  t'i()°C'.  (winter I — twohourx. 

If  the  s]>eeimen  is  very  Kiiiall  the  time  in  each  solution  may  be  reduced. 
For  very  rapid  fixation  absolute  alcohol  containing  3  to  5  ^ler  cent,  of  con- 
merciul  formalin  may  be  used  for  specimens  not  above  3  mm.  in  tbickoeai 
Fixation  is  completed  in  from  one-half  to  one  hour.  The  methiid  maybe 
prolonged  to  a  week  by  lengthening  the  time  the  specimen  reuiunij  in  each 
solution,  and  very  good  n-sult-i  are  obtained. 

Chloroform  may  he  used  instead  of  xylol  in  the  slower  method  and  pyr* 
good  results,  especially  in  the  o«mic-ucid  specimens,  an  the  xylol  is  a  tol- 
vent  of  fat. 

Mounting  Blocks. — The  pieces  of  tissue  are  placed  in  position  m-.n  » 
block  of  wckkI  and  the  melted  paraffin  [lOured  over  it  so  an  to  eompU  i 
the  tissue.   When  the  outer  layer  of  the  paraffin  h.-is  hardened  the  «  i 
is  thrown  into  cold  water,  which  causes  the  paraffin  to  liarden  ra- 
evenly   throughout.      If  hardened  slowly  it  crystallines  and  bci 
brittle  for  the  knife.     Lead  molds  or  paper  boxes  may  be  used  for  makinic 
the   paraffin  blocks,  as  some  restraining  enclosure  is  necessary.     The  paper 
boxes  may  be  very  conveniently  made  by  folding  paper  over  a  stiuare  block 
of  wood,  leaving  one  side  of  the  cube  open.    The  tiswiue  is  placed  in  the  mold 
and   paraffin  poured  upon  it,  or  the  mold  is  filled  and  tne  ti»^ue  then  im- 
mersed.    Just  as  soon  as  a  scum  of  hardened  paraffin  forms  on  the  snrfact 
the  mold  should  Ut-  placed   in  cold  water,  and  after  complete  hardening  \* 
removed  and  attaclicd  to  a  block  of  wood  with   melted   paraffin,  or  it   n)»* 
be  jilaccil  directly  in  the  clamp  of  the  microtome. 

Cutting  Paraffin  Block*. — The  knife  is  kept  dry  and  is  placed  at  right 
angles  to  the  direction  of  the  microtome  slide  if  sections  of  small  object* 
or  serial  sections  are  wanted.  In  the  case  of  larger  specimens,  especially^ 
those  with  irregular  edges,  the  knife  should  he  drawn  obliquelv  acrots  lh«] 
object.  To  prevent  the  rolling  of  the  section  on  the  knife  tlie  cut  rA\ 
of  the  section  should  hi-  ciuglit  at  once  with  a  mounte<I  needle  bent  at  rigl 
angles  to  the  Iiandle  or  with  u  camel's-hair  brush.  The  sections  are  pi 
in  warm  water  (iihoul  4(1°  ('.),  which  causes  them  to  flatten  out.  They  ai 
then  ready  to  phu-c  upon  a  slide. 

To  Attach  Paraffin  Sections  to  Slides. — (I)  ftlov  Method. — After  the  sec- 
tion is  flattened  out  in  warm  water,  a  slide  is  pushed  under  it  and  gently 
lifted  upward.  The  section  may  now  be  moved  to  the  proper  position  on 
the  slide  with  ii  brush  or  needle,  and  the  excess  of  water  draineid  off.  Tb 
slide  is  then  put  in  a  horizontal  position  in  an  oven  and  kept  at  .S7°  C.  for 
from  three  to  twenty-four  hours,  at  the  end  of  which  time  the  section  will  be 
found  firmly  adherent  to  the  slide.  The  paraffin  may  then  be  reinoved 
according  to  the  next  method. 

i'i)  Rajiiil  Atrlhoit. — The  section  is  placed  in  position  on  a  slide  an  befor* 
and  the  excess  of  water  draintnl  off.  1.  It  is  then  pressed  firmly  agsin< 
the  slide  with  four  lhicknes.ses  of  smiKith  hardened  filter-paper  moigtent'l 
with  a  few  drops  of  absolute  alcohol.  The  pressure  should  be  firm  aad 
direct,  so  as  to  avoid  rubbing.  2.  The  paraffin  is  next  removed  by  placing 
several  drops  of  xylol  on  the  section  and  rocking  the  slide  to  and  fro.  The 
xylol  must  be  renewed  until  the  section  remains  clear  and  transparent^' 
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eral  drops  of  absolute  alMihol  iirp  then  added  until  the  section  bc- 


liile  and  iipiuiue.     4.  The  section  is  tlieti  i'r>vert'd  with  suviTul  dro 


|.8 


8  partH; 
2    " 
1  part. 

plates  tbe  sections 


orcelloiclin.  (Tbiii  celloidin  1,  ab.solutcnlcobol  and  ether  each  (Kt.)  When 
this  fixes,  a  tbin  Hliu  i«  left  covering  tbe  speeiiiiei).  ■>.  After  it  few  seconds 
the  dectiun  is  envered  with  Wt  per  cent,  ak'obid  for  from  three  to  five  »ec- 
ond8.  •(.  Then  it  is  placed  in  water  for  a  few  nioinenl.s.  7.  It  may  be 
atained  aeeording  to  tbe  u.iual  method.-*. 

If  tbe  lelloidin  becomes  stained,  it-*  is  often  the  ca.se  in  oversUiining 
with  beiniitoxylin,  it  may  be  removed,  after  tbe  staining  has  been  com- 
pleted ami  after  the  section  has  been  jiassed  through  the  xeveral  strenplhs 
of  alcohol,  by  the  use  of  a  fuw  drops  of  a  mixture  of  absolute  alcohol  and 
ether.  The  section  is  then  cleared  in  xylol  or  carbtd-xylol  and  mounted  in 
balsam. 

(3|  Other  Mithodn  for  Fi.riit;/  the  Seclitm  lo  the  S/iilr. — Hg^-albumin 
whipped,  then  filtered,  and  mi.ted  with  an  e<]ual  amount  of  glycerin  is 
placed  on  the  slide  and  warnie<l  to  70°  C  ;  then  allowed  to  cord.  Tbe  sec- 
lion  is  placed  on  it  and  warnieii  to  the  melting-point  of  tbe  paratfin,  after 
which  It  is  jdaced  in  an  oven  at  H7°  C  for  three  hours. 

Mounting  Serial  Sections  (.Method  n(  (.(briga), — 1.  Plain  window-glass 

plates,  4  by  ■")  inches,  arc  cleaned  and  dried,  and  then  evenly  coated  with  tbe 

following  mixture; 

^—  Candy  sugar  ( 1  part  sugar,  1  part  water), 

H  Alcidiol  (80  per  cent.), 

Dextrin  (1  part  yellow  dextrin,  1  |iart  water), 

2.  While  the  film  of  this  mixture  is  still  damj)  on  the 

are  placed  in  order  (rows)  trom  the  microtome,  and  then  the  plates  are 
slightlv  warnied.  H.  Tbe  plates  are  next  jilaced  in  an  oven  at  87°  ('.,  and 
kept  there  until  tbe  sections  flatten  and  become  firmly  adherent.  4.  The 
paratliii  is  removed  by  ii.«ing  xylol.  ■'>.  The  xylol  is  removed  with  absolute 
alcoh(d.  Tbe  sections  now  become  white  and  opaque.  (J.  The  sections 
freed  <if  paraffin  and  while  damp  with  absolute  alcohol  are  next  covered 

(~rith  a  thin  solution  of  celloidin  : 
Photoxylin  or  celloidin,  10; 

Absolute  alcohol,  '  100 ; 

Ether,  600. 

'f.  The  excess  is  poured  off  and  tbe  film  allowed  to  fix  in  the  air  tor  a  few  sec- 
onds, and  then  covered  with  9")  percent,  alcohol.  8.  The  sections  are  then 
placed  in  water,  which  di-ssfdve-i  tbe  sugar-dextrin  mixture  and  allows  the 
film  of  celloidin  with  the  sections  attached  to  free  itself  from  the  plates. 
9.  After  tborongbly  washing  this  film  to  remove  the  sugar,  110)  it  may  be 
stained  in  the  usual  methods  for  staining  celioidin  sections.  11.  After  the 
staining  and  clearing  of  the  film,  (12)  the  sections  may  be  cut  from  it  and 
mounted  separately,  or  the  whole  may  be  mounted  without  separation. 

B.  Celloidin  Method. —  The  specimens  for  celloidin  embedding  may  be 
fixeil  and  hardened  in  various  ways.     The  pieces  should  be  preferably  about 
1  to  1  ccni.  in  thicknes-s.     Tbe  following  are  the  steps  in  the  process  of  em- 
bedding after  the  specimen  is  ready  to  be  placed  in  alieolute  alcohol : 
[a)  Absolute  alcohol,  24  hours; 

^        (6)  Absolute  alcohol  and  ether,  etjual  parts,  24      " 

■  («■)   Ether  (ibis  mav  be  omitted),  24     " 

■  ((/)  Thin  celloidin;  24      " 

■  (e)  Thick  celloidin,  24     " 

■  (/>  Mount  on  block  and  after  slight  hardening  in  air  keep  in  80 
B  per  cent,  alcohol. 

Dense  tissues  should  remain  a  longer  time  in  tbe  celloidin,  as  the  im- 
pregnation with  the  liijuid  takes  place  more  slowly;  in  the  case  of  small 
pieces  the  time  may  be  somewhat  reduced. 
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Method  for  Cutting  Celloldin  Blocki.— 1.  The  microtome  knife  ahoolfl 
be  pluiTii  at  nu  oMiquo  angle  to  tlio  slide  of  the  carrier. 

1.  During  cutting  the  blade  and  the  tisstie  should  be  freely  wet  with  ■ 
to  (>f>  Iter  cent,  alcohol. 

3.   To  prevent  rolling  of  the  section  it  should  be  caught  with  a  camel's 
hair  bnisti. 

Hloir  AlrlUml. — A  u.'eful  method,  liut  noniewhat  slower,  is  to  proceed 
above  until  the  !<|>ecimen  it<  placed  in  thin  celloidin.  After  thi*  the  btopperl 
of  tlie  receptacle  is  removed  and  the  celloidin  i.s  allowed  to  thicken  by  evapo-l 
nttion  until  it  becomes  moderately  hard  throughout,  but  not  to<)  dry.  Th«| 
specimen  \»  then  mounted  for  cutting. 

Rapid  Method. — A  rapid  method  that  gives  good  results  is  the  foliowiDg: 

(a)  Dehydrate  in  95  per  cent,  or  absolute  alcohol. 

(6)  Place  in  oil  of  clove*  for  from  three  to  six  hours  or  longer. 

(c)  Place  for  from  three  to  six  hours  or  longer  in  the  following: 

Celloidin  (dry  or  finely  granular),  1.5  gm.; 

Oil  of  doves,  6.0  ccm.; 

Ether,  20.0    " 
Absolute  alcohol,  1.0    " 

(d)  Arrange  the  tissue  in  a  paper  box  or  mold  and  cover  with  the  boIh 
tion.     As  the  solution  thickenH  it  clears. 

(r)  Cut  out  the  block  of  tissue  and  mount  in  the  usual  way. 

(/"l  Place  in  80  jier  cent,  alcohol,  or  first  in  chlorofonn  for  from  one  to 
two  hours  and  then  in  80  per  cent,  alcohol,  and  cut  the  section!^,  arrangingl 
the  knife  very  obliijuely. 

Cutting  Serial  Sections  in  Celloidin. — The  specimen  is  mounted  asusoa  ^ 
and  when  cutting  the  niicrutxnie  knife  is  moistened  with  from  KO  to  95  perl 
cent,  silcohol.     As  the  sections  are  cut  they  are  drawn  up  on  the  surface  of  J 
the  knife  with  a  brush,  and  when  a  number  have  been  cut  they  are  jilace' 
on  slides  in   order;  being  drawn  over  the  back  of  the  knife.     They  ar 
fastened  to  the  slide  by  ether  vapor  poured  over  them  from  a  bottle  con>l 
taining  a  little  ether.     The  slides  are  then  placed  in  80  per  cent,  alcohol/ 
and  may  be  stained  subsequently. 


V.  STAINS. 

Anilin  stains  are  sometimes  classified  as  butic  and  nrid,  according  as  the  J 
ba.se  of  the  conij>oimd  or  its  acidulous  part  carrii-*  the  staining  property. 
Neutral  mixtures  are  combinations  in  which  the  basic  and  acid  eleDieutsI 
Income  blended.  The  basic  stains  usually  have  an  atfinity  for  niirlearl 
structures,  while  the  neutral  and  acid  stains  act  diflu-sely  and  have  affinity  [ 
rather  for  the  protoplasmic  structures. 

Stains  of  all  sorts  may  be  cln.ssified  as  nuclear,  prolnplimnir,  or  dotihlt. 
The  nuclear  stains  color  the  nui'lei  more  or  less  exclusively  :  the  pmtopliu- 
mic  stains  are  usually  more  dilTuse  in  action,  coloring  both  nuclei  and  pro- 
toplasm;  and  the  double  stains  give  a  contrast  in  their  colorings  to  tbej 
nuclei  and  protoplasm. 

The  term  metachromatic  is  used  to  indicate  a  differential  staining  of  dif- 
ferent structures,  such  as  the  staining  of  amyloid  sulistancc  red  or  pink  and 
other  tissues  blue  by  gentian-violet.  A  number  of  eelertive  tiaiitt  have  l>«en 
discovered  and  have  proved  of  great  value  in  differentiating  tissues,  such  a» 
yellow  elastic  tissue,  neuroglia,  fibrin,  etc. 

General  Rules  In  Staining.— 1.  Preliminary  fixation  or  hardening  i« 
•desiral)le,  us  froli  siieciniens  stain  poorly.  If,  however,  fixation  is  to<i  pro- 
longed the  stain  may  act  poorly. 

2.  Some  stains  act  better  with  one  than  with  another  fixing  agent. 

3.  Stains  should  usually  be  filtered  when  precipitates  form.     In*  few  io- 
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stances  the  clear  solution  must  be  decanted  instead  of  being  filtered.  Old 
solutions  usually  give  better  results  than  freshly  iirepared  stains. 

4.  Thiu  sections  stain  most  clearly,  and  cure  must  be  taken  that  several 
sections  are  not  superimposed.  Dilute  solutious  of  the  stains,  as  a  rule,  act 
most  happily. 

6.  The  intensity  of  staining  is  dependent  on  (a)  concentration  of  the 
solution,  (i)  the  temperature  of  the  stain  (3li°  to  40°C.  being  best),  If)  addi- 
tion of  certain  fixatives  or  mordants,  like  acids,  alkalies,  alum,  borax,  anilin 
oil,  etc. 

6.  After  staining,  differentiation  with  water,  alcohol,  acid  or  alkaline 
solutions,  etc.,  makes  the  result  sharper. 

7.  Solutions  of  stains  should  be  accurately  prepared  according  to  formula 
and  reliable  materials  must  always  be  uaed.  The  auilia  stains  of  Dr.  G. 
Grlibler  are  especially  reliable. 


I 
I 


NUCLEAR  STAINS. 

Alum-cannln. — Carmin  1  gni.  in  100  ccm.  of  a  6  per  cent,  alum  solu- 
tion. Boil  for  twenty  minutes,  then  filter.  Specimens  arc  stained  for  from 
ten  minutes  up  to  several  hours.  Ditferentiate  bv  repeated  changes  of  dis- 
tilled water.  The  nucleus  is  stained  a  bluisb-re<l.  The  protoplasm  is  not 
stained. 

Lithium-carmln Carmin    12.5    gm.)    is   dissolved    in    100   ccm.  of  a 

saturated  aqueous  solution  of  lithium  c.^^bonate.  Filter.  The  specimens 
are  stained  for  from  five  to  thirty  minutes,  washed  in  water,  and  then  differ- 
entiated for  from  five  to  ten  minutes  in  a  1  per  cent,  solution  of  HCl  in  70 
per  cent,  alcohol,  after  which  another  thorough  washing  in  water  is  given. 

The  nucleus  is  .stained  a  doe]i  red  color.  The  protoplasm  after  differen- 
tiation is  colorless  or  pale  pink. 

This  stain  hits  the  disadvantage  that  it  contains  an  excess  of  alkali,  which 
•wells  the  tissue  and  causes  the  Bcction  to  wrinkle.  Paraffin  sections  that 
have  been  altacbed  to  the  slide  may  in  this  way  become  detached. 

Borax-carmin  {Orcnacher). — Carmin  o.-'i  gm.,  borax  2.0  gm.,  and  dis- 
tilled water  lOtJ  ccm.  Boil  and  then  add  gradually  drop  by  drop  acetic 
acid  (0..5  per  cent.)  until  the  solution  is  deep  red  in  color.  After  twenty- 
four  hours  filler.     Acid  alcohol  is  used  for  differentiation. 

Plcrocarmin. ^Carmin  1,  liquor  ammoniaB  1,  distilled  water  50.  To 
this  mixture  add  a  saturated  aqueous  solution  of  picric  acid  drop  by  drop, 
stirring  constantly,  until  the  precipitate  no  longer  dissolves.  Filter  and  add 
a  few  drops  of  carbolic  acid  to  the  filtrate. 

In  using  picrocarmin  (</)  slain  the  sections  for  from  five  to  ten  minutes ; 
(A)  wash  out  in  water;  (c)  differentiate  in  acid  alcohol  for  from  two  to  five 
minutes;  Id)  wa.sli  out  acid  in  distilled  water  for  ten  minutes;  (e)  mount  in 
glycerin  or  balsam. 

Another  formula  for  picrocnrmin :  Dissolve  6  gm.  of  picric  acid  in  40 
ccm.  of  borax-carmin  as  prepared  above. 

Hematoxytin. — This  may  be  used  with  practically  all  fixing  agents 
excepting  Fleniming's  solution.  The  stain  seems  to  act  more  cjuickly  and 
intensely  when  old  tlian  when  recently  prepared.  After  staining  the  section 
it  is  differentiated  in  water,  tap-water  being  preferable.  The  nuclei  of  cells 
are  deep  blue  in  color  ;  the  protoplasm  pale  blue,  and  mucou.s,  calcareous, 
and  growing  cartilage  tissue  also  riale  blue.  When  the  specimen  is  over- 
stained  the  excess  may  be  removerl  by  placing  in  a  weak  acid  alcohol  for 
from  one-half  to  one  minute,  after  which  it  is  washed  in  running  water  or 
several  cban}:es  of  water,  or  in  water  containing  a  very  weak  alkali. 

Delafleld's  Hematoxylin. — ."Solution  I. :  Hematoxylin  crystals  4  gm., 
absolute  alcohol  2o  ccm.     Dissolve. 

Solution  II.:  Saturatcil  aqueous  solution  of  ammonium  alum  400  ccm. 

Mix  solutions  I.  and  II.  and  allow  the  mixture  to  stand  ten  to  fifteen  days. 
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part  dLneiirrd  is  3>  |Hfto  «f  ««■  AdM  WMb  a^e*  a  an^Btna  nail; 
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■olTise  tiie  •tun.  iW  wrtvia*  are  ■iwltd  ta  aaltaH.  sad  xylol  ^oaii 
be  Bi«<l  fra-  cjesrinr- 

'  Vesaviaj. — 

pniH  >sd  vbra  cnM  filter.    Th«  aalilitiaa  of  a  few  iwpe  of  ^Lrbolic  aod 

th*  oflsti"^  aore  n^fnl  in  itMiiiiig  bacterML 
Metbnl  «f  olnin^  s/Ur  mBoriag  i{>eieui«ii«  from  aleobol  * 

<  1}  ?>caia  &▼«  to  ten  tniaatei. 
(A    Wa»b  oat  in  mtidi  kloofaol. 
ff  c  Clear  aad  OKMtiit  in  bakwi, 

Th*  aacleai  ii  tiuiied  ^rk   brown.    Tbe  protoplasm  it  pa]«  broim. 
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BUnark-bmaH, 
Alrobol  1 90  per  eat.). 

Distilled  water, 


OentiaA-fiol^ 

Distilled  water. 

Boil  mml  when  cold  filter. 

Mttbod  of  rtfaming   lamr  as  witb  biKmark-brown. 


2; 
100. 


.Mf>thoil  i)f  staining — same  as  with  bismark-hrown. 
Safranln. — 

Safranin, 

Alnihnl  i'M  per  cent.), 

iJistilleii  water, 

Method  of  Staining.— After  removing  the  sections  from  alcohol:  (a) 
stain  tvvvnty-four  hours,  (6)  riuse  in  water,  and  (f)  wash  out  in  acidulcohril 
(H('l  8  drops,  concenlratcU  picric  acid  srjiution  HI  dmps,  aJLuliol  \>m  ecni.), 
(rf)  wash  in  absolute  ak-nlnil  until  no  staiti  iMimi^s  iiwiiy,  (c) jmi:**  througli 
xylol  and  mount  in  baUam.  Hafrariin  stains  karyokinetit-  tignren  a  dwj* 
red,  the  resting  iuicleiL<  a  pale  pink,  mucus  yellowiah-red,  fibrin  (in  tissues 
fixed  in  Fleinrninfr's  solution)  di'cp  red. 

V'"W-  iVe^Aw/— Make  a  saluruted  solution  of  safranin  powder  in  100 
parts  of  ^¥atl■^  containing  2  parts  of  anilin  oil.  W'arm  to  70°  C.  Filter 
tlirouirh  a  moist  liiter.     This  solution  stains  instantly. 

Methylene-blue. — This  may  be  usfd  in  a  simple  watery  .solution  i2 
per  cent.)  or  in  one  of  the  following,  which  are  used  for  dill'crent  purposes, 
to  wliich  referenrc  will  be  made  in  appropriate  places. 

lui  LdlTler's  Solution. — 


Saturated  alcoholic  solution  of  methylene-blue. 
Solution  of  caustic  potash  in  water  (i :  lft,l1<10), 

Kuhne's  Solution. — 

Saturated  alcoholic  methylene-blue, 
Carbolic-acid  water  *•")  percent.), 

(c)  Unna'a  Alkaline  Methylene-blue. — 

Jlethylene-blue, 
Potassium  carbonate. 
Water, 


30; 

100. 


10; 
90. 


1; 
100. 


The  stain  must  be  diluteil  1  :  10  before  using. 

ill)  Unna's  Polychrome  Methylene-blue. — When  the  alkaline  solution 
just  mentioned  is  allowed  to  stand  a  long  time  it  decomposes  partially, 
toroiing  methyl-violet,  methylene-red,  etc. 

CONTRAST  OR  DIFFERENTIAL  STAINING. 

Eosin  contrasts  well  with  most  of  the  nio'lcar  stains,  especiallv  with 
hematoxylin.  It  stains  a  ditfuso  red,  but  with  diHcrcntiating  scdutioivs, 
such  as  water  and  alcohol,  details  may  be  brought  out  according  to  the 
structure  of  the  tissue.     Several  methocis  of  using  eosin  are  prarttsed  ; 

(a)  Saturated  Watery  Solution  of  Eosin. — This  is  used  very  rominonly 
in  staining  blood-films  jtjid  al>ri  iriiluted)  for  tissiie-staininp.  Very  satis- 
factory results  are  obtained  with  ililutions  rjf  1  :  iOdO  or  1  :  1500.  The  sec- 
tions, after  having  been  stained  witli  hematoxylin  and  differentiated  in 
water,  are  placed  in  the  weak  solution  of  eosin  and  stained  for  twenty-four 
hours.  Different  shades  of  red  are  seen  in  different  tissue-elements — i.  r., 
must'le  deep  red,  connective  tissue  pale  |>ink. 

(/>)  Saturated  alcoholic  solution  of  eoain  may  Ite  used  as  a  counterstain, 
a  few  drf>p»  being  [jlaecd  in  the  absolute  alcohol  in  which  the  sections  are 
dehydrated  after  staining  with  hemato.xylin  or  other  stains. 
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sertiong.  It  fails  with  many  of  the  anilin  fttains,  the  carbolic  acid  causing 
.solution. 

Wlieu  the  sections  cannot  be  carried  throtigli  Hlctilmls,  they  may  be 
cleiireU  in  a  mixture  of  anilin  2,  xylol  Ii>.  After  Lli-ariiig  the  anilin  shoulil 
be  wa^lifil  out  with  .tylol,  as  it  will  sooner  or  later  fause  decolorization. 

Mounting — 1.  Glycerin. — When  this  is  used  the  cover-glass  is  en- 
closeil  with  ;LH|ilmlt,  v;irnish.  etc. 

•2.  Canada  balsam. — l)i.s.solved  in  xylol  or  leas  frequently  cbioroform. 

Vn.    STEPS  FOR  TREATING  SECTIONS 
to  be  Stained  with  Eosin-bematozyUa,  tram  the  Time  they  are  Cut  to  Mountiag 

in  Canada  Balaam. 

1.  Celloidin  sections  are  placed  in  80  jier  cent,  alcohol.  Paraffin  sections 
are  lloatal  on  warm  water  to  spread  them  out. 

2.  CVIIoidin  sections  are  next  placed  in  water  to  take  out  the  alcohol. 
Paraffin  sections  are  caught  on  the  glass  side  and  treated  as  on  page  862,  to 
the  step  where  they  are  placed  in  water. 

3.  Stain  three  to  five  minutes  in  Delafield'a  hematoxylin,  or  ten  to  thirty 
iDinut<-s  in  weaker  .solutions  of  the  stain. 

4.  Ditl'erentiate  in  tap-water  fifteen  minutes  to  twenty-four  hours. 

5.  ^tain  three  to  five  minutes  in  a  1  per  cent,  solution  of  eosin  or  for 
twenty-four  hours  in  a  very  weak  solution. 

6.  Wft.sh  out  excess  of  stain  in  water. 

7.  Place  in  liO  per  cent,  alcidiol  one  to  ten  minutes.  Eosin  specimens 
may  be  completely  decolorized  if  allowed  to  slay  too  long  a  time  in  weak 
alcohol. 

8.  Place  in  95  per  cent,  alcohol  one  lo  two  minutes. 

9.  Then  in  absolute  alcohol  one  to  two  minutes, 

10.  Clear  in  xylol  one  to  two  minutes.  (If  the  specimen  clouds  it  is  a 
aign  of  Incomplete  dehydration.  Then  place  again  in  absolute  alcohol  and 
again  in  xylol.)    The  s[>ecirnen  should  be  transparent  before  mounting. 

11.  Mrniot  in  Canada  balsam. 

12.  Cover-glass,  label,  etc. 


Vm.    EXAMINATION  OF  SPECIAL  TISSUES. 

I.  Flltrin. — This  generally  staitis  with  the  ordinary  anilin  stains,  and  is 
colored  pink  by  the  rNisin-beniatoxylin  method.  Picric  acid,  eosin,  and 
acid  fnchsin  arc  among  the  better  stains. 

Welgert's  Method. — .Solution  I.:  .\nilin  oil  -1,  water  100;  shake  .several 
niiniite-H  jtnd  tihi-r  through  a  moistcneil  filler-iiafKT.  To  SM)  ccm.  of  the 
anilin-oil  solution  add  11  ccni.  of  concentrated  alcoholic  solution  of  gentian- 
violet  or  methvl-violet.     Filter.    This  solution  deteriorates  rapidly. 

Solution   if.  r  lodin  1,  potassium  iodid  2,  water  300. 

Method  of  procedure : 

1.  Stain  ill  anilin  gentian-violet  solution  for  five  or  ten  minutes. 

2.  Wash  in  water  or  common  suit  solution. 

3.  Place  in  iodin  solution  five  minutes. 

4.  Blot  section  on  slide  inomenturily  with  several  thicknesses  of  smooth 
filter-paper. 

5.  Decolorize  with  a  mixture  of  anilin  oil  1,  xylol  2,  until  no  more  color 
comes  away.     (Care  should  be  taken  not  to  decolorize  too  much.) 

li.  Tborousrhly  wash  riut  the  anilin  with  xylol. 

7.  .Mount  in  xylol  balsam. 

8.  The  previous  staining  of  the  tissues  with  litbium-carmin  gives  a  good 
contrast. 

This  method  gives  better  results  witii  paraffin  sections  than  with  eel- 
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loidin,  as  the  celloidin  is  hard  to  decolorize.  The  fibrin  in  the  eections  as 
well  as  many  bacteria,  hyaline  aubotances,  mucus,  and  nuclear  figures  are 
stained  a  bluish-black. 

In  staining  celloidin  sections  it  is  best  to  place  the  sections  on  a  glass 
slide,  smooth  with  filter-paper,  and  treat  it  as  a  parafiln  section  attach^  to 
the  slide.  Great  care  must  be  exercised  to  prevent  the  section  slipping  from 
the  slide  or  becoming  wrinkled,  and  also  from  drying  out  between  the  various 
steps.  By  diluting  the  anilin-xylol  mixture  (xylol  2,  anilin  1)  it  acts  more 
slowly,  but  there  is  less  danger  of  complete  decolorization. 

A  drop  of  saturated  solution  of  picric  acid  in  absolute  alcohol  added  to 
the  first  xylol  makes  the  results  of  the  staining  sharper.  Muscle-tissue  and 
hyalin  material  stain  yellow  with  this  addition. 

II.  Mucous  Tissue. — Mucus  stains  with  hematoxylin  and  many  basic 
anilin  stains  and  sometimes  a  metachromatic  effect  is  obtained,  the  mucus 
showing  a  different  shade  from  nuclear  structures.  Thus  with  methylene- 
blue  mucus  stains  a  deep  blue,  with  safranin  an  orange-red.  The  meta- 
chromatic efiect  is  pronounced  with  thionin,  amethyst  blue,  and  toluidin 
blue.  Thionin  stains  mucus  a  reddish-violet  color  and  other  tissues  blue. 
The  granules  or  mast-cells  and  elastic  tissue  are  also  reddish.  For  this  stain- 
ing, fixation  in  saturated  watery  solution  of  bichlorid  of  mercury  gives  the 
best  results. 

III.  Elastic  Tissue — Several  methods  have  been  introduced,  of  which 
Unna's  and  Weigert's  are  the  best. 

Unna's  Method. — 1.  Stain  with  a  small  quantity  of  the  following  solution, 
placing  the  vessel  in  a  warm  place  (30°  C.)  for  ten  to  fifteen  minutes  until 
the  solution  becomes  thick : 


Orcein, 

Hydrochloric  acid. 
Absolute  alcohol, 


1; 
1; 

100. 


2.  Binse  in  weak  alcohol. 

3.  Decolorize  in  a  mixture  of  hydrochloric  acid  0.5,  95  per  cent,  alcohol 
100,  distilled  water  25. 

4.  Wash  in  water. 

5.  Dehydrate  in  alcohol,  clear  in  oil,  and  mount  in  balsam. 

The  best  results  are  obtained  in  specimens  hardened  in  alcohol. 

Elastic  fibers  are  stained  brownisn-red.  The  other  tissues  remain  color- 
less. A.  countersti»in  may  be  obtained  by  first  staining  with  borax-car- 
miu  or  by  using  methylene-blue  or  Liiffler's solution  between  the  fourth  and 
fifth  steps  in  the  above  method. 

Weigert's  Method. — Tissue  fixed  in  alcohol  or  formaldehyd  gives  the 
best  results. 

1.  Stain  the  section  twenty  minutes  to  one  hour  in  the  following : 


Fuchsin, 
Resorcin, 

Water, 


2; 

4; 

200. 


Heat  the  solution  to  boiling-point  in  a  dish  and  add  25  ccm.  of  a  solu- 
tion of  sesquichlorid  of  iron  and  stir  thoroughly,  while  boiling,  a  few  min- 
utes longer.  A  precipitate  is  formed  and  the  mixture  is  filtered.  The  pre- 
cipitate is  retained  and  when  thoroughly  dried  is  placed  in  a  porcelain  uish 
with  the  filter-paper.  The  precii)itate  is  then  dissolved  in  2iK)  ccm.  of  ^^ 
per  cent,  alcohol  and  again  boiled,  the  paper  removed,  and  the  mixture 
filtered  after  cooling.  Alcohol  is  added  up  to  200  ccm.,  and  4  ccm.  of  hydro- 
chloric !ioid. 

2.  After  staining  in  the  above,  wash  in  alcohol. 

'A.  Blot  the  section  with  filter-paper  and  add  xylol.  Blot  again  and  add 
xylol  repeatedly  until  the  section  is  clear.     Mount  in  xylol,  balsam. 
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Decolorizing  in  ucid  alcohol  may  be  nece^sary  if  the  tissues  are  too 
deeply  stained.  The  elastic  tibprs  are  stained  d:\rk  blue.  The  other  tissues 
are  colorless.  The  nuclei,  to  be  made  distinct,  siiould  be  stained  red  with 
carniin  before  or  after  the  elastic  libers  are  stained. 

IV.  Fat  tissues  tixed  in  1  to  2  per  cent,  osmic-acid  .solutions  show 
a  black  staining  of  bit  droplets  and  fatty  mau<r.  The  ostnie  acid  is 
usually  combined  with  other  tixin)^  agents  as  in  I'leiuniiiifr's  solution.  This 
solution  sliould  lie  allowx-d  to  act  irom  two  to  four  days  if  the  tissue  is  of 
considerable  size,  and  the  s[iceiinens are  then  thoroughly  waslicci  in  niniiiiig 
water  for  twenty-fours  before  being  hardened  in  alcohol.  The  fat  stained 
bv  osniic  acid  remains  soluble  in  etlier,  inriientint-,  and  xylol,  and  is  nol 
dissolved  by  alcohol,  chloroforai.  or  oil  ut'  cloves.  When  |iarafliii  is  Used 
for  embedding,  chloroform  must  take  the  place  of  xvlol.  Celloidia  eni- 
bediling  is  possible  in  spite  of  the  ether,  the  alcohol  protectiug  the  fat 
from  solution. 

Sudan  III. — This  is  a  useful  stain  for  fat.  Tissues*  are  fixed  in  formalin 
or  MUllcr-formol  or  may  be  e.^aniineil  in  the  fresh  state. 

Place  the  sections  in  the  saturated  solution  of  Smbii!  III.  in  80  per  Cent, 
alcohol  for  from  a  few  minutes  up  to  tvventy-forir  hours,  wash  quickly  iu  SO 
per  cent,  alcohol,  then  wash  in  water,  and  mount  in  glycerin. 

Frozen  sections  should  be  placed  a  few  moments  in  9.J  percent,  alcohol 
before  they  are  stained. 

Fat  is  stained  a  deeji  red. 

V.  Cholesterln. — The  specimen  is  treated  with  a  drop  of  Lugol's  solu- 
tion, which  causes  a  change  to  a  deep  brown  color.  On  addition  of  sul- 
phuric acid  (-.)  to  40  per  cent.)  the  color  is  dmnged  to  a  bluish-red,  bluish- 
green,  or  clear  blue. 

VI.  Lime  Salts. — Calcium  salts  .stain  readily  with  all  ataina  contain- 
ing alum.     Hematoxylin  causes  a  deej)  blue. 

.Vdditions  of  dilute  hydrochloric  acid  cause  evolution  of  gas  bubbles  in 
the  case  of  calcium  carbonate,  but  not  with  calcitim  phosphate.  Dilute 
sulphuric  acid  forms  crystals  of  sulphate  of  calcium. 

VIT.  Iron. — Many  methods  have  beeu  devised  for  demonstrating  iron 
in  tissues.  The  negative  results  do  not  necessarily  prove  the  absence  of 
iron,  as  it  amy  be  in  albuminous  or  other  combinations  which  fail  to  react. 
Fresh  as  well  as  hardened  material  may  be  u.sed.  Fixation  in  alcohol  and 
formalin  give  the  best  result-s.  Sublimate  audcbromic  acid  mixtures  should 
not  be  use<l. 

Potassium  Ferrocyanid  Method. — The  specimen  is  placed  in  weak  solu- 
tion of  jiotassium  ferrocyanid  (1  to  2  per  cent.)  for  from  two  to  three  min- 
utes; then  iu  a  weak  solution  of  hydrochloric  acid  (J  *"  ^  Pf"  cent.)  for  a 
few  minutes,  and  examined  in  water  or  glycerin.  The  irim  (hemosiderin) 
stains  a  deep  blue.  For  contrast  staining  the  tis>*ucs  may  be  first  jilaced  in 
lithium-carmin,  and  after  washing  out  the  HCl  then  be  jia-S-sed  through  alco- 
hols, xylol,  and  mounted  in  balsam.  This  gives  very  clear  and  |>crnianent 
results. 

Ammonium  Sulphid  Method. — The  section  is  placed  in  a  freshly  prepared 
solution  of  ammonium  sulphid  for  five  tfi  twenty  niinules  or  until  it  is  green- 
ish to  blackish-green  in  color.  It  is  then  washed  in  water,  examined  or  [>asseil 
through  alcohol  and  oil,  and  mounted  iu  balsam.  The  iron  [>igment  appears 
as  dark  blackish  or  greenish  granules.  Other  metals  also  cause  black  de- 
posits, nntnbly  silver,  leail,  and  mercim'. 

Vlll.  Amyloid. — Several  reactions  are  used. 

lodirt  Reaction. — The  freshiy  rut  surface  of  the  tissue  is  painted  with 
weak  Lugol's  solution  (LugoKs  solution  1,  distilled  water  3).  Section?  for 
microscopic  .study  may  be  placed  in  the  Lugol's  solution  for  from  tliree  to 
ten  minutes,  then  wa.shed  in  water  and  examined.  Amyloid  tissue  is  stained 
a  deep  mahogany  red  color,  while  other  ti.ssues  are  tinged  a  light  yellow. 

Subsequent  treatment  of  the  section  or  of  the  fresh  tisstre  with   1   ]ier 
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cent,  julpburic  acid  ■'rilution  for  a  few  iiiinute:s  may  convert  the  malircaiij 
red  I'olor  of  the  amyloid  tissue  to  a  blue.     This  reaction  fre<juently  fails 

Gentian-violet  and  Methyl-violet  Reaction. — These  »tain«  color  amyloid 
tissue  rfd,  while  otht-r  lissut-s  and  nuclei  are  stained  blue.  Weak  aqu«<>at 
solutions  of  the  xlaius  are  used  and  the  sections  are  allowed  tu  remain  in 
the  stain  a  few  minutes.  The  section  is  then  wa.shed  in  water  cont^ininf!  t 
few  drops  of  hydrochloric  acid  and  may  be  mounted  in  solutions  of  acetate 
of  i>ota.sh.     The  slain  is  retained  for  some  little  time. 

iodin-green  Method. — flections  are  stained  for  twenty-four  hour*  in  >n 
aqueous  solution  1 1  :  300)  of  iodin-green  ;  then  washed  in  water  and  muuntMl 
in  glycerin.  The  amyloid  tissues  stain  a  violet  red,  while  other  ti^uc;  art 
green. 

Thionin  stains  nmvloid  tissues  a  light  blue  to  lilac  color,  while  other 
ti.ssues  become  dtep  blue  to  violet. 

Polychrome  Methylene-biue. — 1.  Stain  with  polychrome  methylcne-bloe 
for  ten  to  fifteen  minutes. 

2.  Rinse  in  water. 

3.  Place  in  diluted  acetic  acid  for  ten  to  twenty  second*. 

4.  Then  in  concentrated  alum  solution,  diluted  one-half,  for  two  to  five 
minutes. 

5.  Rinse  in  absolute  alcohol  for  one-half  minute. 

6.  Place  in  absolute  alcohol  for  one-quarter  to  one-half  minute. 

7.  Xvlol,  balsam. 
Amyloid  is  stained  a  bright  red,  the  nuclei  dark  bine,  and  protoplasm  t 

light  blue.     The  specimens  will  be  found  dunible. 

IX.  Corpora  Amylacea. — These  bodies  are  stained  slightly  in  the 
above.  They  may  be  stained  better  by  Lanperhan's  metliod  for  glycogen 
(see  below).  The  bixliea  are  stained  a  dark  brown,  the  other  tissues  remain 
colorless. 

Certain  of  the  amylaceous  bodies,  the  corpora  flava,  corresponding  u> 
the  corpora  aranacea  of  the  central  nervous  system,  psamnioma  granules,  anil 
part  of  the  prostatic  bo<]iw  stain  as  hyalin  material  and  not  as  amyloid. 

X.  Hyalin. — Various  substances  no  doubt  are  included  under  this  namp, 
and  some  attempt  at  classification  has  been  made  on  the  basis  of  the  stain' 
ing  reactions.    A  useful  stain  for  hyalin  is  the  van  Gieson  (o.  v.).    The  hyalii 
material  takes  the  deep  red  of  acid  fuchsin  in  this  raethoa. 

XI.  Qlycogen. — The  tissues  mu.st  t>e  hardened  immediately  after  death, 
as  the  glycogen  rapidly  diffuses  or  undergoes  some  change.  The  fixating 
should  be  in  alcohol. 

Langerhan's  Staining  Method. — 1.  Stain  for  five  to  ten  minutes  in  Lugol's 
solution. 

2.  Dehydrate  in  a  mixture  of  absolute  alcohol  4,  and  official  tincture  of 
iodin  1. 

3.  Clear  in  oil  of  origanum. 

Glycogen  is  stained  brownish-red.     Other  tissues  are  pale  yellow. 
Lubarsch's  Method. — This  method  is  a   moiliticd  ^\  eigert   fibrin-suin. 

The  tissues  are  stained  for  two  minutes  in  an  old  concentrated  gentian-riolct 
solution : 
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Solution  I.:  Alcohol, 
Anilin  oil. 
Gentian-violet, 


S3  ccm. ; 
9    " 
Slight  excess. 

Solution  II. :  Concentrated   aqueous  solution  of  gentiBn-\nolet.    Mis  1^ 
parts  of  I.  with  17  parts  of  II.    The  other  steps  in  the  method  are  IbeMBr 
as  in  Weieert's  fibrin -stain. 

XII.  Russell's  Fuchsin  Bodies. — 1.  Stain  in  a  concentrare<l  oolutioa 
of  fuchsin  in  2  per  cent,  carbolic  acid  solution  for  ten  to  thirty  minutes. 

2.  Wash  in  water  for  three  to  five  minutes. 

3.  .\bsolute  alcohol  for  one-half  minute. 
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4.  Countorstaiii  with  1  per  cent,  solution  of  iodin-grecn  in  2  per  cent, 
carbolif-acid  water  lor  tive  minute*. 

6,  Dehydrate  in  iibiwlute  bIcoIioI  rapidly. 

6.  Xylol,  hal.*am. 

Celluhif  nuclei  are  stained  preen,  granules  and  the  fuchsin  bodies  red. 

XIII.  Caacef  Stains. — Various  nietbod^  have  been  given  lor  demrm- 
stratinfT  the  so-called  cancer  parasites.  Among  uthers  the  following  may 
be  uaed : 

I.  Methylene-btue  and  Eoain. — Three  solutions  are  used:  (i)  Saturated 
methylene-biue  in  saturated  aqueous  solution  of  borax;  (b)  J  percent, 
solutiiin  of  eosin  (bluisU)  in  7U  per  cent,  alcohol;  and  (c)  saturated 
aqueous  solution  of  borax. 

Solution  (ii)  19  filtered  and  2  partn  mixed  with  1  of  (t)  and  2  of  (c).  The 
tissues  are  taken  from  (I)  absolute  alcfihol  and  placed  in  (2)  staining  solu- 
tion for  ten  to  twenty  minutes.  (S)  iJccolorize  in  1  per  cent,  solution  of 
acetic  acid.  (4)  Wash  in  water,  (o)  Then  in  absolute  alcohol.  (tJ)  Xylol, 
balsam. 

Cellular  nuclei  are  stamed  blue ;  the  red  corpuscles,  protoplasm,  eosino- 
phile  granules,  connective  tis.siie,  etc.,  red. 

II.  Malachite  Green,  Acid  Fuchsin,  and  Martius  Yellow. — The  stain  is  as 
follows;  .Malachite  frreen  K.5,  acid  fuchsin  U.I,  Martius  yellow 0.01,  distilled 
water  150,  alcohol  (95  per  cent.)  oQ. 

The  section  is  stained  for  one-half  hour,  then  transferred  to  absolute 
alcohol,  xylol,  and  balsam. 

Cellular  nuclei  are  stained  green,  prot4)p)asm  and  connective  tissue  a  red 
color.  Cancer  bodies  are  stained  red,  but  some  may  be  green  when  in 
nia.sses. 

III.  Acid  Fuchsin  and  Hematoxylin. — This  stain  is  composed  of  equal 
parts  of  Ehrlich's  aeiii  hematoxylin,  1  per  cent,  acid  fuchsin  in  70  j>er  cent, 
alcohol,  and  distilled  water. 

The  sections  are  taken  from  water  and  stained  for  half  an  hour;  then 
washed  several  times  in  water  and  placed  in  alcohol,  oil  of  bergamot,  and 
balsam. 


METHODS  OF  EXAMINING  NERVOUS  TISSUES. 


I  Several  methods  are  in  common  use  for  the  staining  of  the  central  ner- 
T0U9  system,  and  differential  .■staining  of  the  several  constituents  can  be 
earrie<{  out.  Special  fixation  and  hardening  must  be  practised  for  each 
method.  In  general,  the  iwe  of  chromic  acid  salts,  such  as  the  combination 
of  bichromate  of  pot.ish  with  sodium  .sulphate  in  Milller's  fluid,  is  moat  desir- 
able, but  does  not  allow  of  certain  special  stains.  For  the  demonstration 
of  changes  in  the  nerve-cells,  fixation  with  formaldehyd  or  alcohol  gives 
the  most  satiafact<jrv  results.  In  certain  metbofla  of  staining — a.s,  for 
example,  those  in  which  fixation  in  chromic  acid  solutions  is  generally 
used — preliminary  fixation  in  formaldehyd  may  be  practised,  and  the 
chromic  acid  salts  added  at  a  later  stage.     This  will  be  referred  to  below. 

The  staining  methods  applicable  e.specially  to  the  nervous  system  are 
those  used  for  the  demonstration  of  myelin  changes,  those  used  to  demon- 
strate the  ncuroelia-fibers,  and  those  for  demonstrating  the  ganglion-cells. 

Methods  for  Demonstrating;  the  Myelin-sheaths. — Among  these,  the 
method  of  W'eigcrt  and  the  mtidilication  ol  I'at's  and  Marcbi's  methods  may 
be  described. 

Weigert's  Method. — Acconling  to  the  older  method,  the  tissues  were  first 
fixed  in  MUller's  finid  for  four  to  twelve  weeks  and  tlien  hardened  in 
alcohol.  More  recently,  fixation  in  fornialdcbyd  ha.s  been  practised.  A 
4  per  cent,  solution  of  fr>rnialdr'hyci  (10  parts  of  40  per  cent,  formaldehyd 
to  W  parts  of  water)  is  used  for  one  to  three  weeks.     Then  the  tissues  are 
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transferred  to  Mailer's  fluid  for  six  to  twelve  weeks  (or  for  a  shorter  time- 
one  to  three  weeks),  when  the  whole  is  placed  in  a  thermostat  at  ZT  C. 
(98.3°  F.). 

A  more  rapid  method  is  to  fix  in  4  per  cent,  solution  of  formaldehyd  for 
a  few  days  up  to  several  weeks,  according  to  the  size  of  the  specimen,  and 
then  in  a  solution  of  bichromate  of  potash  5,  chromic  alum  2,  water  100, 
for  a  few  days  (three  to  four).  When  in  the  formaldehyd  the  solution 
should  be  changed  after  twenty-four  hours,  but  later  mav  remain  indefi- 
nitely ;  but  the  tissues  should  not  be  left  in  the  chromic  acid,  solution  longer 
than  a  few  days,  as  they  become  brittle.  After  removal  from  the  chromic 
acid  solution  thev  are  hardened  in  80  per  cent,  alcohol  and  kept  in  a  dark 
place  until  imbeaded,  the  alcohol  being  changed  from  time  to  time. 

Still  another  method  is  to  fix  iu  Muller's  formol  (Orth's  solution)  or  in 
a  combination  of  4  per  cent,  formaldehyd  and  the  bichromate  of  potash 
chromic  alum  solution  mentioned  above. ' 

Section,  cut,  and  stain,  etc. ;  after  fixation  the  following  steps  are  carried 
out:  (1)  Immerse  the  specimens  in  alcohol.  (2)  Transfer  to  celloidin, 
and  cut  the  sections  after  twenty-four  hours  in  the  usual  way.  (3)  Place 
in  the  following :  acetate  of  copper  5,  acetic  acid  (36  per  cent.)  5,  chromic 
alum  2.5,  water  100.  (4)  Bemove  with  a  glass  non-metallic  spatula  to— 
hematoxylin  1,  absolute  alcohol  10,  lithium  carbonate  (saturated  aqueous 
solution)  1,  water  90.  The  sections  remain  in  this  for  fifteen  minutes.  The 
solution  should  be  freshly  prepared  with  old  alcoholic  hematoxylin  solu- 
tion, the  lithium  carbonate  and  water  being  added  at  the  time  of  using. 
(5)  Wash  thoroughly  in  water.  (6)  Decolorize  in  ferricyanide  of  potassium 
6,  borax  4,  water  200.  The  gray  matter  of  the  nervous  tissues  becomes 
yellow  in  this  solution,  and  when  this  change  has  taken  place  the  process 
is  complete.  (7)  Wash  in  water ;  dehvdrate  in  90  per  cent,  alcohol ;  clear 
in  xylol  1,  anilin  oil  2 ;  then  mount.    St«p  (3)  may  be  omitted. 

Pal's  Modlfloation. — After  fixation  as  in  Weigert's  method,  the  steps 
are  as  follows  :  (1)  Place  the  sections  in  i  per  cent,  chromic  acid  solution 
or  3  per  cent,  bichromate  of  potassium  solution  for  several  hours.  (2) 
Stain  in  Weigert's  hematoxylin  solution  for  twenty-four  to  forty-eight 
hour*.  (3)  Wash  in  water  containing  1  to  3  per  cent,  of  saturated  watery 
solution  of  lithium  carbonate.  The  sections  become  a  uniform  deep  blue 
color.  (4)  Differentiate  in  \  per  cent,  aqueous  permanganate  of  potassium 
solution  for  fifteen  seconds  to  five  minutes,  or  until  the  gray  matter  becomes 
brownish  yellow.  (5)  Then  transfer  to — oxalic  acid  1,  sulphite  of  potassium 
1,  water  200  for  a  few  minutes,  when  the  gray  matter  becomes  nearly  color- 
less. (6)  Wash  thoroughly  in  water,  dehydrate  in  96  per  cent,  alcohol, 
clear,  and  mount. 

The  preliminary  use  of  chromic  acid  or  bichromate  of  potassium  solu- 
tion after  fixation  may  be  omitted,  especially  if  the  tissues  have  been  recently 
fixed. 

Weigert's  method  leaves  everything  unstained  excepting  the  myelin- 
sheaths,  which  become  black  or  bluish  black,  and  the  nerve-cells,  which  are 
faintly  stained.    Pal's  method  leaves  the  cells  unstained. 

Formalin-lron-hematoxylin  Method. — A  method  which  may  be  used 
with  material  hardened  in  formalin  is  the  iron-hematoxylin  method.  The 
advantage  of  this  method  is  that  it  does  not  require  impregnation  in  ilUUer's 
fluid.  Sections  are  mordanted  in  a  solution  of  ammonio-ferric  sulphate 
(iroti-aluin)  4  gm.,  distilled  water  100  ccm.,  for  from  four  to  twelve  hours,  and 
wa.sheil  in  several  changes  of  distilled  water  for  from  twelve  to  thirty  miD- 
iitcs  ;  tlicy  are  then  stained  for  from  four  tfi  twelve  hours  in  a  solution  of 
heiiiiitoxylin  crystals  0.5  gm.,  distilled  water  100  ccm.  To  decolorize,  remove 
the  stain  and  w.isli  well  in  two  or  three  changes  of  water.  Then  transfer 
to  a  .')!)  [HT  cent,  solution  of  the  iron-alum  mordant  solution  until  the  gray 
substance  is  clearly  differentiated  from  the  white  substance.  The  latter 
remains  a  steel  blue. 
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March!  and  Algeri's  Method  for  Staining  Degenerated  Myelin-sheaths. 
— After  huT'li.'iiiiitr  in  .Miillir'."  lluitl  nr  in  ollii-r  Jixiitivf.s,  tiiHcuvei!  liy  Miil- 
ler's  lluiil,  tile  tissue  i.-*  pliueU  in  tlie  IbUowing:  Miillfr's  tiuii)  2  [uirts, 
oaniic  iiciti  solution  (1  per  cent.  I  1  [mrt.  It  remains  in  iliis  tor  ^)x  to  eight 
days.  It  is  tlien  llioniuvtlily  washed  in  water,  placed  in  aleidiol  uf  increas- 
ing strengths,  imhedded  in  cellnidin.  and  sectioneil.  The  sections  are  cleared 
with  chlorot'orin  and  muniiled  in  rliliiroliirnj  or  balsam.  If  mounted  in  xylol- 
balsaui  no  cover-jrla.ss  should  be  used.  The  fatty  degenerated  inyelin-sheaths 
are  stained  Idack  hv  the  osmic  iiciil. 

Methods  for  Demanstrating  Nerve-fibers,  Axis-cylinders,  and  their 
Processes. — These  melhoiis  are  of  eomparittively  little  use  in  [valholugic 
material,  but  they  srive  excellent  results  in  the  study  ol  normal  tissues,  and 
Lave  contributed  murh  to  the  knowledge  of  the  anatomic  rclalious. 

Golgi's  Methods. — The  tissue  must  be  as  fresh  as  possible  and  cut  into 
small  pieces.  The  fixing  solutions  should  be  used  in  large  quantity,  aud 
the  best  results  are  obtained  when  the  specimens  are  kept  in  the  dark. 

Slow  Method. — (1)  Harden  in  2  per  cent,  solutior;  of  Idchrotiiate  of  pottts- 
sium  for  several  weeks,     t^hauiie  the  solution  frecinently. 

(2)  Place  in  a  solution  n(  nitrate  of  silver  I(».7.'J  per  cent.)  for  twenty- 
four  to  forty-eight  hours  nr  longer,  or  in  a  sohition  of  corrosive  cublirnate 
(0.5  per  cent.)  from  a  week  or  ten  days  u|i  to  iwd  months  or  more.  Id 
either  case  the  solutions  must  he  frequently  ebaiiged  at  Hrst. 

Rapid  MetUntl.-  i\)  Fix  sm;ill  pieies  in  the  foHowing;  Osmic  aciti  (1 
per  cent.)  1  part,  bichromate  of  pota.ssiuni  (3..J  per  cent.)  4  jnirts.  .\fler 
nxution  lor  tour  days  to  a  week, 

(2)  Place  in  nitrate  of  silver  solution  (0.75  per  cent.)  for  from  one  to 
seven  days. 

Subtequent  IVealmenl. — Imbed  in  celloidin  after  rapid  dehydration  in 
a))solute  alcohol,  avoiding  other  alcohol  as  much  as  possible.  Use  thick 
solution  of  celloidin  for  a  short  time  onlv. 

Allercutting  the  sections,  w^hicli  should  not  be  ton  thin,  (I)  dehydrate  in 
alcohol,  (2)  clear  in  oil  of  cloves  or  bergamot,  (3)  wash  in  xylol.  (4)  mount 
without  a  cover-gla.«s  in  xylol  dammar.     Keep  specimens  free  from  light. 

Other  Methods. — A  gold  stain  and  various  methylenc-blue  stains  have 
been  deviseil,  but  are  comparatively  unimportant. 

Axis-cylinders  stain  well  with  the  Van  Gieson  stain,  ammonium-carmine 
stain,  and  especially  as  follows  : 

iSections  or  teased  nerves  are  removed  from  96  t>er  cent,  alcohol  to  a 
small  dish  of  ordinary  bhie-b!aek  ink  (Stad'oni's)  for  from  three  to  five 
minutes.  Thi-y  are  then  removed  to  W  per  cent,  aleoliol  and  washed  until 
they  are  a  pale  blue  color.     The  axis-cylinders  are  stained  bine. 

Methods  for  Demonstrating;  the  Nerve-cells. — Various  general  stains 
like  van  triesnn's  are  of  some  use,  but  for  special  staining  c)f  the  nerve- 
cells  certain  special  methods  are  u.sed. 

Nistl's  Method. — ll)  i^mM  iiieci-<  of  tissue  are  hardened  in  !)*j [>er  cent, 
alcohol.  (2i  Sections  are  cut  by  fixing  the  tissues  to  a  block  with  thick 
celloidin  without  nther  embedding.  The  sections  are  preserved  in  96  per 
cent,  alcohol  and  then  (^j  stained  in  the  following  : 

Mcthylene-hlue  B,  3.7.") ; 

Venetian  soap,  1.75; 

Distilled  water,  IDOu. 

The  vessel  containing  the  stain  and  the  sections  is  healed  until  the  fluid 
bubbles;  then  (4)  wash  in  anilin  oil  10,  96  per  cent,  alcohol  JMl,  until  clouds 
of  blue  color  cea.se  to  come  from  the  sections.  (.1)  Place  sections  on  a 
slide,  drv  with  filter-paper,  and  immerse  in  a  drop  of  oil  of  eajeput.  'G) 
Blot  anu  wash  with  benzene.  (7)  l>rfpp  on  the  section  henzene-eoloppo- 
nium,  made  by  dissolving  ccdojifKiiiiuiii  in  benzene  for  twenty-four  hours 
and  pouring  off  the  clear  solution.     (8)  Drive  off  the  benzene  over  a  flame, 
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blowing  out  if  the  benzene  inflames.  (9)  C!oTer  with  a  glam  cover-slip  and 
heat  gently. 

Ck>nsiderable  simplification  of  the  method  may  be  practised  by  those 
who  have  become  expert,  but  it  is  thought  best  to  give  the  method  in  full. 

The  result  is  permanent.  The  nerve-cells  are  stained  a  blue,  the  proto- 
plasmic granules  being  evenly  and  more  or  less  darkly  colored.  The  nuclear 
structure  is  distinct. 

Golgi's  Methods. — The  methods  of  Golgi  stain  the  nerve-cells  and  proto- 
plasmic processes,  but  are  more  useful  for  the  processes  than  the  body  of 
the  cell. 

Methods  for  Demonstrating  Neuroglla-flbers. — ^The  tissues  must  be 
fresh  and  must  at  once  be  placed  in  fixing  solution.  Formaldehyd  must  be 
used,  as  its  rapidity  of  action  makes  it  essential.  For  the  same  reason  the 
pieces  of  tissue  must  be  very  thin,  and  a  4  per  cent  solution  of  formalin  is 
most  reliable. 

Welgert's  Method. — Fix  in  formaldehyd  for  four  days  or  more;  then 
place  in  the  following  mordant  for  six  or  eight  days : 


Acetic  acid  (36  per  cent.), 
Acetate  of  copper, 
Chromic  alum. 
Water, 


6.0  com. ; 
6.0  gm. ; 
2.6  gm. ; 
96.0  ccm. 


The  alum  and  water  are  boiled,  then  the  acetic  acid  and  finally  the 
acetate  of  copper  are  added. 

The  specimen  is  then  washed  in  water,  dehydrated  in  alcohol,  and  im- 
bedded in  celloidin. 

After  cutting  the  sections,  which  should  not  be  above  0.02  mm.  in  thick- 
ness, they  are  placed  in  permanganate  of  potassium  solution  (i  per  cent.) 
for  ten  minutes,  decolorized,  and  then  placed  in  the  following : 

Chromogen,  6  gm. ; 

Formic  acid  (specific  gravity  1.20),  5  ccm. ; 

Water,  96    " 

To  90  ccm.  of  which  10  ccm.  of  sulphide  of  sodium  solution  (10  per  cent.) 
are  added  just  before  using. 

The  sections  lose  their  color. 

Further  reduction  of  copper  salts  by  the  following  method  may  be  prac- 
tised, and  the  result  is  more  intense  in  that  case,  but  at  the  same  time  the 
connective-tissue  fibers  also  stain  blue.  A  further  reduction  is  effected  bv 
washing  twice  in  water,  then  placing  the  sections  in  filtered  saturateil 
aqueous  solution  of  chromogen  for  eight  to  twelve  hours,  again  washing  in 
water,  and  then  staining. 

The  Slainitif). — After  reduction  of  the  copper  salt  by  the  preliminary  and 
second  method,  the  section  is  taken  from  water  and  placed  upon  a  slide 
freshly  cleaned  with  alcohol,  blotted,  and  stained  with  the  following: 

Saturated  methyl-violet  solution  in  70  to  80  per 

cent,  alcohol,  •  100  ccm.  ; 

Aqueous  oxalic  acid  solution  (5  per  cent.),  6    " 

The  methyl-violet  solution  is  made  by  heating  and  decanting  when  cold. 
The  stain  is  nearly  instantaneous.  The  section  is  washed  in  normal  salt  so- 
lution and  then  treated  with  5  per  cent,  iodid  of  potassium  solution  saturated 
with  iodin.  This  solution  is  dropped  on  the  section  and  immediately  removed. 
Wash  with  water,  decolorize  in  equal  parts  of  xylol  and  anilin  oil.  Wash 
with  xylol  re|)eatpdly  and  mount. 

Maliory's  Method. — (1)  Fix  in  4  per  cent,  formaldehyd.  (2)  Place  in 
s.itiirated  watery  picric  acid  solution  four  days.  (3)  Treat  with  5  per  cent, 
watery  bichromate  of  ammonium  solution  four  to  six  days  in  an  incubator. 
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or  three  to  fimr  weok-s  at  nxdii  tt-iiiiifralurc.  (4)  Dehydrate  in  ah-ohi)], 
mount  in  celluidiii,  iiiid  seclinn.  (•'>)  I'lnce  the  sections  in  i.'/)  per  cent.  waiiTV 
solution  of  permunganiite  of  potassium  for  tiftecti  to  thiny  minute*,  (ti)  W'asli 
in  water.  (7)  Treat  with  1  percent,  watery  solution  ofoxulic  acid  tiftoeii  to 
thirty  minutes.  (8)  Wash  in  water  two  or  three  times.  (9)  Stain  in  the 
following : 

Hematoxylin,  0.1  gm. ; 

Water,     "  80.(»  ccui. ; 
Merck'8  watery  solution  of  phosphotungstic  acid 

(l()l)prcent.),  20.0    " 
Peroiid  of  hydrogen  (U.S.  P.),  0.2    " 

The  hematoxylin  is  diiwolved  in  a  little  water  with  the  aid  of  heat  and, 
after  cooling,  the  rest  of  the  solution  added.  (lOj  Wa-sh  quickly  in  water. 
(11)  Dehydrate  in  95  per  cent,  alcohol;  (12)  oil  of  origaouui  ;  (13J  xylol 
baUam. 

The  nuclei  and  neuroelia-fibers  are  stained  blue,  the  axis-cylindeia  aud 
ganglion-cells  a  pale  pinK,  and  the  connective  tiiwue  a  deep  pink. 

METHODS  OF  EXAMINING  THE  BLOOD. 

The  purely  clinical  exauiiniitioni,  such   as  the  enumeration  of  the  eor- 

§U9cle^^  and  the  estimation  of  the  percentage  of  hciiioglohin.  need  not  he 
escrilieii.  The  nii<Tiwco|iic  exaniii)atir<ii.>(  alone  will  be  considered. 
Examination  of  the  Fresh  BlotHl. — A  <lrop  <if  hloml  in  obtained  from 
a  prick  into  llie  end  of  the  finger  or  the  lobe  of  the  car.  The  finger  or  ear 
is  first  cleansed,  then  pricked  with  a  lancet,  and  the  first  few  drops  of  blood 
wijtcd  away.  A  small  drop  is  then  received  upon  a  carefully  cleansed  thin 
cover-glass,  and  thi.s  is  laid  on  an  equally  clean  and  slightly  warm  elass 
slide.  The  IiIocmI  spreads  into  a  thin  hlni  from  the  weight  of  the  cover-gloss. 
If  prolonged  examination  is  to  be  made,  a  ring  of  vaselin  around  the  edges 
preserves  the  specimen  for  some  hours. 

The  examination  should  be  nmde  with  an  oil-innnersion  lens.  Malarial 
parasites,  the  spirochcta  of  relapsing  fever,  and  filariie  are  quite  readily  de- 
tected in  such  specimens,  and  the  size  and  shape  of  the  red  coriiusclcs  and 
the  ameboid  movements  of  the  leukocytes  can  be  dotermined.  For  the  last 
purpose  a  warming-stage  is  requisite  if  a  prolonged  examination  is  to  be 
made. 

Examination  of  Fixed  Preparations. — Thin  cover-glasses  are  carefully 
cleane.l  with  soap-water,  then  with  clear  water,  and  finally  with  alcohol. 
A  drop  of  liloori  is  placed  upon  one  of  the  plas-ses  and  a  second  glass  is  laid 
upon  It.     The  hlood  spreads  into  a  thin  film,  and  the  cover-glasses  arc  then 

.  slid  apart  and  allowcil  to  dry  in  air. 

I       Fixation  of  iho  blood  maybe  accomplished  by  immersing  the  prepared 

F  cover-gla-ss  in  a  mixture  of  equal  partsof  absolute  alcohrd  and  ether  for  from 
five  to  thirty  minutes.  A  1  per  cent,  solution  of  formalin  in  absolute  alco- 
hol is  an  excellent  fixing  agent.  For  certain  stains  (imtahly  the  neutro- 
philic mixture)  a  better  method  of  fixation  is  the  einployuu-iit  of  heat.  The 
most  accurate  methoii  of  heating  is  to  place  the  cover-jrlass  in  an  oven  at 
12f>°  C.  (24S''  F.)  for  an  hour,  but  drawing  the  covcr-ghuss  rajiidly  through  a 
Bunsen  flame  three  times  accomplishes  the  purpose  almost  as  well,  though 

I  this  method  rec]uires  cotvslderable  jiracticc. 

I  A  most  useful  method  for  clinic.il  purposes  is  that  of  fixation  on  a  brass 
plate.  A  brass  plate  about  12  inches  long,  4  inches  wide,  and  \  inch  thick 
IS  supported  on  a  tripod  and  heated  at  one  end  with  a  Bunsen  flame.  On 
lieating  for  fifteen  or  twenty  iniivutes  the  temperature  assumes  a  fairly  con- 
stant degree.  The  line  on  the  plate  at  which  the  temperature-  is  proper  for 
fixing  blood-films  may  be  detcriTiined  by  dropping  small  drops  of  water 
from  a  pipette.     Beginning  at  the  cold  end  and  approaching  the  flame,  a 
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line  will  be  found  at  which  the  water  does  not  evolye  oteain,  bnt  asgumes 
the  Bpberoidal  state  and  dancea  on  the  surface  of  the  plate.  Just  bef  end 
this,  toward  the  cold  end  of  the  plate,  is  the  most  favorable  position  for 
fixing  the  blood.  The  cover-glasses,  after  thoroughly  drying  in  air,  should 
be  laid  along  this  line,  the  blood  side  upward.  Fixation  may  be  completed 
in  fifteen  or  twentv  minutes,  but  an  hour  is  preferable. 

Special  methoos  of  fixation,  as  with  bichlorid  of  mercury,  picric  or 
osmic  acid,  etc.,  are  necessary. 

Staining. — A  useful  stain  to  determine  the  morphology  of  the  corpuscles 
is  Gk>llagch's  mixture : 

Eosin  ccystab,  0.5 ; 

Hematoxylin,  2.0 ; 

Glycerin, 

Distilled  water, 

Absolute  alcohol  aa  100.0 ; 

Glacial  acetic  acid,  10.0 ; 

Alum,  slight  excess. 

The  solution  must  be  allowed  to  "  ripen  "  by  exposure  for  several  weeks 
io  a  light  place.  The  specimen  is  stained  for  from  two  to  three  minutes  up  to 
a  half-hour,  washed  iq  water,  and  examined.  Tlie  various  pathologic  condi- 
tions of  the  red  corpuscles  are  brought  out,  and  the  morphology  of  the  leuko- 
cytes is  well  shown.    The  oxyphilic  granules  stain  sharply  with  the  eoein. 

EosIn  and  Hematoxylin  Method. — A  simple  method  that  is  very  satis- 
factory for  most  clinical  purposes  is  the  following :  After  fixation  by  heat, 
absolute  alcohol  and  ether,  or  formalin  and  absolute  alcohol,  the  specimen 
is  stained  for  a  minute  or  two  or  longer  with  Delafield's  hematoxylin  (full 
strength  or  diluted  one-half ),  then  rapidly  washed  io  water  and  counter- 
stained  with  1  per  cent,  solution  of  eosin  in  70  per  cent,  alcohol  for  a  minute 
or  two.  The  cover-glass  is  again  washed  in  water,  dried,  and  mounted  in 
balsam.  The  morphologv  of  the  corpuscles  is  well  brought  out,  and  the 
specimen  is  useful  for  difierential  counting,  though  the  determination  of 
myelocytes  is  facilitated  by  the  supplemental  use  of  a  specimen  stained  with 
Elirlieli's  neutral  mixture. 

Similar  results  are  obtained  with  the  following  mixture : 

Metliylene-blue  (saturated  aqueous  solution),  40 ; 

Eosin  ( }  per  cent,  solution  in  75  per  cent,  alcohol),  20  ; 

Distilled  water,  40. 

The  specimen  may  be  stained  for  from  three  tofiveminutes.but  betterresults 
are  obtained  by  placing  the  stain  containing  the  cover-glass  preparation  in 
an  oven  at  37°  C.  (98.6°  F.)  for  an  hour.  The  morphology  and  changes  in 
the  red  corpuscles  are  clearly  shown,  and  the  oxyphilic  and  basophilic  gran- 
ules of  the  leukocytes  are  well  stained — the  former  red,  the  latter  blue.  The 
basophilic  granules  of  the  leukocytes  are  especially  distinct. 

Jenner's  Stain. — K  mixture  of  the  following  solutions  is  made  and  set 
aside  for  twenty-four  hours: 

A.  Eosin  (soluble  in  water),  1.25  gm. ; 
Distilled  water,  100.00  ccm. ; 

B.  Methvlene-blue  (medicinal),  1.00  gm. ; 
Distifled  water,  100.00  ccm. 

The  mixture  must  be  made  by  adding  the  methylene-blue  solution  to  the 
eosin.  small  (luantities  at  a  time,  and  stirring  with  a  glass  rod  during  the 
addition.  A  precipitate  forms  after  twenty-four  hours  and  maybe  collected 
on  n  filter-paper  and  dried  in  an  incubator.  The  precipitate  should  be 
powdered  and  washed  with/listilled  water  and  again  collected  on  a  filter- 


EXAMISATIUX  OF  SPECIAL   TISSUES. 


879 


paper  and  drieil  in  the  air.  The  i)owdfred  preci])itate  ia  dissolved  in  pure 
niethyl-ii)fohi>l  in  \  per  cent,  strength. 

Tlienietliyl-alcohoi  miikes  a  previcius  fixation  of  a  hlooJ-filni  unnecessary, 
so  that  the  prL-paratiiin  ilrifd  in  air  may  lie  at  once  stained.  As  a  rule  three 
til  five  ininutes  suffice,  ami  when  the  specimen  is  washed  in  water  tlie  film  is 
a  light  red  culur.  Exi'es.sive  staininfr  may  he  iiracliscd  until  the  proper  re- 
sult is  attained  The  stain  when  actio;;  properly  gives  the  neutrophilegrnn- 
ules  a  ]iale  pink  color,  the  e<isin  granules  a  deep  pink,  ami  basophile  gran- 
ules a,  deep  blue  to  a  deep  jnirple. 

Neutrophilic  granules  are  best  stained  with  Ehrlich's  triple  stain : 

Orange  O.  (saturated  aquenus  solution),  12f)-135; 

Acid  fuehsin  (saturated  aqueous  solution),  80-1U5 ; 

Methyl-green  (saturated  aqueous  solution),  125  ; 

Dist  if  lei  i  water,  300; 

A lisolule  alcohol,  200; 

Glycerin.  100. 

The  first  two  stains  are  mixed,  and  the  third  is  added  gradually,  stirring 
constantly.  The  water,  alcoh<il,  and  glycerin  are  then  added.  Very  ol'ten 
less  acid  fuehsin  and  more  aiethyl-green  give  better  results.  Tlie  fixed  prep- 
aration is  stained  for  three  minutes  and  wa.shfd  in  water.  The  red  cor- 
puscles take  the  orange  stain  ;  the  nuclei  of  white  and  red  corpuscles  and 
basophilic  granules  take  the  green  ;  the  oxyphilic  granules  take  the  red  ; 
and  the  neutrophilic  gnuiules  lake  the  violet  or  purple  of  the  mixture. 

Demonstration  of  Degenerations  of  the  Red  Corpuscles. — Mixtures  of 
eosin  and  hematoxylin  or  succes>ive  staining  with  eosin  and  hematoxylin 
brings  out  polychromatophilia  and  other  degenerative  changes  in  the  red 
corpuscles.  (tranuL-ir  dcgeiu'ration  re([Uires  a  nnire  prolonged  use  of  the 
basic  stain.  Carbolated  thionin  is  a  very  ii.seful  stain  for  the  same  purpose, 
though  its  failure  to  stain  the  red  corpuscles  generally  makes  the  examina- 
tions of  the  s[>ecimeiis  trying  to  the  eye. 

Staining  of  Parasites. —  The  malarial  parasites  may  he  satisfactorily 
examined  in  unstained  specimens,  but  it  is  sometimes  desirable  to  study 
them  after  staining.  Cover-glass  preparations  are  made  as  before  describcif, 
and  fixed  by  heat  or  liy  immersimi  in  the  absolute  alcohol-ether  mixture  lor 
from  thirty  minutes  to  several  hours.  The  staining  may  he  accomplished 
with  any  of  the  viirinus  eosiii-tnethylene-blue  mixtures,  but  Plehn's  and 
Riiiiianowsky's  niethiKls  have  been  .«perially  recommended  for  the  pmrpose: 

P/flm'ii  Method.— 

Methylene-blue  (.saturated  aqueous  solution),  60  ccm.; 

Eosin  {\  per  cent,  solution  in  75  per  cent,  alcohol),  20     " 

Distilleil  water,  40     " 

Pota.s--<ium  hydrate  (20  per  cent,  solution),  12  gtt. 

This  stains  the  malarial  organisms  blue,  the  red  corpuscles  red.  Similar 
solutions  stain  filarise  satisfactorily,  and  are  u.seful  in  demonstrating  various 
bacteria  in  the  blond. 

Romaiinwiihj's  Method. — The  following  is*  the  modification  used  by  Ewing, 
which  gives  uniformly  good  results  : 

Solution  I.:  To  1  ounce  of  jiolychrome  methylene-bluc  (GrUbler)  add  5 
drops  of  a  3  iver  cent,  solution  of  acetic  acid  (U.  S.  P.  33  per  cent.). 

Solution  11.:  .\  1  per  cent,  solution  of  methylene-blue,  preferably  Khr- 
lich's  (Grubler)  or  Koch's,  dissolving  the  dye  with  the  aid  of  heat.  The 
solution  should  be  at  least  a  week  old. 

Solution  in.:  .\  1  per  cent,  aqueous  solution  of  Grllbier's  eosin  (soluble 
in  water). 

The  mixture  is  made  by  adding  to  10  ccm.  of  water  4  drops  of  solution 
III.,  6  drops  of  solution  I.,  and  2  drops  of  solution  II.    The  specimens  fixed 
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with  alcohol  or  beat  are  stained  for  from  one  to  two  hours  to  twenty-four  hours. 
The  proportions  in  the  mixture  may  be  somewhat  changed,  but  the  poly- 
chrome solution  must  be  carefully  neutralized  and  the  mixture  should  be  a 
deep  blue  color. 

DC  GROSS  PATH<XOGIC  SPECIMENS. 

Kaiaerllng's  method  for  preserving  gross  pathologic  specimens  so  u 
to  retain  the  normal  colors.    The  solutions  used  are  the  following : 

Solution  I. :  Formalin,  200  ccm. ; 

Water,  1000    "    ; 

Nitrate  of  potash,  15  gm. ; 

Acetate  of  potash,  30     " 

Solution  II. :  Potassium  acetate,  100  gm. ; 

Glycerin,  200  ccm. ; 

Water,  1000     " 

The  specimens  are  first  placed  in  Solution  I.  for  six  to  seventy-two 
hours,  according  to  the  size  of  the  specimen,  and  the  solution  is  frequently 
changed. 

The  specimen  is  then  washed  in  80  per  cent,  alcohol  for  one  hour,  and 
again  placed  in  80  per  cent,  alcohol  for  from  one  to  six  hours ;  then  in  95  per 
cent,  alcohol  for  from  one  to  three  hours.  The  color  which  was  removed  by 
the  formalin  solution  is  restored  in  the  95  per  cent,  alcohol.  This  marks 
the  length  of  time  during  which  a  specimen  is  kept  in  this  alcohol. 

The  specimen  is  next  placed  in  Solution  II.  Exposure  to  light  at  any 
stage  of  tiie  process  is  disadvantageous.  The  best  results  are  obtained  when 
the  fixation  is  carried  out  in  earthenware  vessels  or  in  a  place  excluded 
from  light. 

To  freshen  the  color  of  old  specimens,  they  are  placed  for  a  few  hours  in 
95  per  cent,  alcohol,  and  aeaiii  placed  and  kept  in  Solution  II. 

Pick's  Method. — 1.  Place  the  specimen  for  one  or  two  days  in  Pick's 
formalin-salt  solution  : 

Aaua  destil.,  100  parts  ; 

Sal.  carolin.  factit,  5     " 

Formalin,  5      " 

Sal.  carolin.  factit.  is  composed  of  the  following : 

Potassium  sulphate,  2  parts  ; 

Sodium  chlorid,  18      " 

Sodium  bicarbonate,  86      " 

Sodium  sulphate,  44      " 

2.  Place  the  specimen  for  twenty-four  hours  in  80  to  90  per  cent,  alcohol. 

3.  Place  the  specimen  permanently  in  Kaiserling's  solution  : 

Potassium  acetate,  5  parts  ; 

Glycerin,  10      " 

Aqua  destil.,  100      " 

This  last  solution  may  be  varied  in  strength,  even  up  to  the  concentrated 
form  used  by  Melnikow-Raswedenkow  : 

Potassium  acetate,  30  parts ; 

Glvcerin,  60     " 

Aqua  destil.,  100      " 
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X.   ANIMAL  PARASITES. 

Protozoa  and  eggs  of  jiuraj-ites  tif  t)ie  {.'iislrii-iiitfftiuul  tnicl  nmv  he  fmind 
by  mounting  11  snmll  iiro[ic(t'  the  cunteiil*  i>r  ilischiirge.-i  on  ii  sliileund  cuvering 
with  a  thin  t'oviT-glass.  The  exiimiiiatinn  sliuuhl  lie  flrsl  niaiie  with  a  Imv 
and  then  with  u  higli  [>i)wer.  (ieutle  warming  of  ihr  slide  Ironi  time  to 
time  or  tlie  use  ol"  a  vvurming-:*tage  may  he  advimtiigenu.s  in  looking  for  ]>r(»- 
tozoa.    Sealing  edgesof  tlie  eover-gluw  witii  vn.Helin  will  jirevent  eva[>onition. 

Fluids  containing  |iarasile»  or  the  eggs  shnuld  he  allowed  to  settle  or 
should  he  centrifugated  ami  the  sediment  tlien  examined. 

Segments  of  worms  or  the  lieads  are  examined  in  waler-glyeerin  or  Sftlt 
solutions.  In  exiiiniiiing  thcsegmenta  of  tapeworms  to  determine  the  speeies 
by  the  character  of  tlie  uterus,  the  segments  shoulil  hesimeezeil  hetweeii  two 
cover-glasses  ami  e.^ainincd  or  i  hared  in  acrtic  acid.  'I  he  lununutitl  strue- 
tiire  of  erhinococcus  cysts  can  be  made  out  by  cutting  siinili  sections  of 
the  fri«li  ti^-ui'  with  a  razor  or  scissors,  or  by  embedding  and  cutting  sections. 

Examination  lor  Trichina. — The  cysts  may  sometimes  be  discovered 
with  ihe  naked  eye  in  luts  of  inusele-tissue.  or  tlie  segment*  may  be  lea:>ed 
in  salt  solution,  or  small  iMinions  may  be  cut  with  the  sci.s.sors  and  cruslied 
between  two  cover-gbtsses.  The  trichina'  arc  usually  found  near  the  tendon 
part  of  the  mviscle  in  the  diaj)liragm.  tongue,  intercostal  and  ju(v  mtLscles, 
etc.     Calcified  trichina  may  be  dccidcilied  with  dilute  Hf'l  sidution. 

Protozoa  and  coccidia  may  be  discovered  Iq  sections  of  the  fresh  ti^ues 
or  may  be  stained. 
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Preparation  of  Qiass  Tubes,  etc. — 1.  New  test-tubes  should  be  washed 
in  a  weak  nitric  acid  solution  in  order  to  destroy  any  alkali  [)resent,  and  then 
washed  thoroughly  in  several  changes  of  water.  (Jld  tubes  containing  culture- 
media  should  be  ('»)  boiled  one  hour  in  a  solution  of  caustic  soda,  which  loos- 
ens the  .solid  media  and  makes  the  tubes  easy  to  clean.  They  should  be  then 
(/>)  washed  in  a  dilute  solution  of  nitric  acid  and  thoroughly  cleansed  in  run- 
ning water.  2.  After  drying,  the  tubes  should  be  jdugged  with  raw  cotton. 
Care  should  be  taken  in  plugging  not  to  pack  the  cotton  tiH>  tightly  or  to 
twist  the  idug  in  inserting  it.  This  caution  is  neces.sary  in  order  that  the 
plugs  will  be  well  sit  and  can  be  removed  and  inserted  with  ea>e.  ■i.  The 
tubes  should  then  be  placed  in  the  hot-air  oven  lor  an  hour  at  l.")0°  to 
1JK)°  C.  in  order  to  sterilize  the  tubes  ami  to  set  the  jdugs. 

New  Petri  dishes  should  be  prepared  in  the  same  way  by  washing  in  a 
dilute  nitric  acid  solution  and  thoroughly  rinsed  in  water.  The  old  Petri 
dishes  should  be  («)  boiled  in  caustic  soda  solution,  (A)  washed  in  dilute 
nitric  acid,  and  ('■)  thoroughly  rinsed  in  water.  Theplntes  should  be  sterilized 
in  the  hot-air  oven  for  one  hour  at  ITiii^io  li*U°C.  All  other  gla.ss- and  stone- 
ware should  be  prepared  in  the  same  way. 

A  convenient  method  for  kee|>iiig  pipette-sstwile  is  to  wrap  them  in  four  to 
five  thicknesses  of  filter-paper,  scaling  the  edges  with  ordinary  microscopic 
labels  and  sterilizing  the  pijicttc  in  their  covers.  Mortars,  glass  cuji.s,  and 
other  receptacles  should  be  sterilized  io  the  hot-air  oven  covered  with  lids 
of  filter-paper. 

Culture-media. —  In  the  prepar.ition  of  nii  artificial  culture-medium  for 
the  growth  oi'  a  bacterium  the  general  prii)ci[ik-  invnlved  is  to  supply  .some 
sub.stance  the  chemical  constitueiit.s  of  which  ri-semble  a*  closely  as  possible 
the  natural  medium  for  that  t>articnlnr  bacterium.  In  the  case  of  patho- 
genic bacteria  blood-serum  forms  Ihe  best  me<lium.  Since  tlie  jireparation 
of  this  medium  is  difficult,  other  media  more  easily  prepared  have  been  sub- 
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ImiM  Sat  their  ba»U  meat  extract  to  wUcb  b  SfMed  1 

aod OuS|ier  cent,  com moD  .'>alt.    The  latter  m* fermerif  4 
to  aid'  is  Uie  nlatira  of  the  peptoat:.  but  ^ueh  a  prepanitiuo  a«  Witie's  dri< 
peptooe,  which  is  easily  «olubte,  make»  the  ad<iitioo  uf  aaJt  anoeceaMrr. 
liaakl  BMdia  the  bacteria  gruw  iu  a  mixe<l  »tate  and  io  onl«r  to  |>rnilu( 
•olid  Media,  opoo  which  the  bacteria  gn'^w  in  isolated  colonic*,  gelatin 
agar  haw  bieen  added  to  the  bouiUon,  although  these  two  c>>Bstituent»  ha 
BO  BBlrieat  valoe  to  bacteria. 

SliHilii'illfllow  of  Media. — s^me  bai^i"'        -    h   aa   tiie  otti   er<i< 
rrnw  well  oa  a  medium  the  reaction  of  wi  i,  but,  a*  a  rulr. 

b*ctena  now  best  wtifo  the  media  i»  Kltgii-  -  ''-   <■•■■' 

acid  to  iweDoIpbthalein.     The  «tandanl  of  : 

CBS  eoaomittee  iji  1.6  percent,  normal hvdriKi..    ^ 

thaleitt. 

To  ^t^ind^rdize  a  given  medium  a  small  qoantitv  is  placed  in  a  \ 
•ad  'balein  i;  added  a.--  an  indicator.     A  decinomtal  sodium  I 

druji  11  ii«  then  added  by  titration  until  the  solution   tum^  a 

pink.     A  calculation  is  then  made  for  the  whole  quantity  and  the  neut 
zation   is  accomplished  bj  adding  a  normal  solution  of  sodium  hydro] 
Normal  brdrochloric  acid  f  1.5  [>er  cent.)  i"  then  added.     The  medium  i»  (' 
alkaline  to  litmus  and  acid  to  pbenolphthalein. 

An  ea$y  method  ffir  «tandaniizatiun  t«  to  add.  dr'  '    '       '  >   10 

cent,  solution  of  iuidium  hydroxid,  stirring  well  and  t>^  it; 

the  addition  of  each  dri>p.     Wlien  the  solution  no  lonjr-^r  turn-  t.iui< 
paper  red  and  there  i»  a  distinct  blue  fraction  on  r<-d  litmus, 
pbenolphthalein-prafKT.  and  if  no  change  lakes  place  the  rractioa^ 
me'ii.i  i?  approximately  OTrect. 

Sterilization  of  Media. — This   is  be^t  accomplished   by  tl>' 
tent  method  of  ^(eam  sterilization  at  10o°  C.     The  media  »hiiu 
in  the  steam  sterilizer  immeiliately  after  tubing  and  allowol  :i<  i 
for  from  one-half  to  three-quarters  of  an  hour  at  a  temi>< 
This  should  be  re|>eated  on  the  second  and  ihinl  days.     Tli  -  1  j 

the  !>(>< ires  which  are  not   killed  at  the  above  temperature  to  develop  i| 
bacteria  which  will  be  killed  by  the  «uc<-eeding  heating. 

In  the  case  of  gelatin  which   tends  to  lose  the  property  of  solidific-atil 
sterilization  should  not  exce«<l  fifteen  minutes  daily.     BW>d»<>riiin  niu*t] 
sterilized  at  a  low   temperature  (60"  C)  for  from  one  to  t- 
consecutive  days  and  then  slanted  and  brought  io  the  c 
or  may  be  coagulated  in  a  hot-air  oven  and  sterilized  by  sii-jni  tori 
consecutive  days. 

Koch's  blood-senim  is  sterilized  by  the  intormittent  ppnceM 
tion  at  57°  C.     It  is  kept  for  one  hour  at  thi.<  temperature  for  ei:; 
tive  days,  and  before  u.«e  alloweil  to  be  incubated  (•■'  •-•■»'-'- 
It  is  then  inspissated  in  Koch's  in«pi^sator  at  the  proi  • 
ture of  t>.>°  C.  and  allowed  to  remain  there  until  it  is  jr   ,    .   , 

t?onie  spores,  especially  those  of  anaerobic  baclena.  do  not  devrlopl 
the  twentv-foor  hours  between  sterilization,  because  the  medium  i.«  no' 
proper  one  for  their  growth.  For  this  rea«)n  sterilization  in  the  autocl 
may  be  resorted  U>.  By  thismetho<l  a  single  "terilization  i*  all  ibnl  i»  ore 
sary.  By  exposure  to  a  temperature  of  12t)°  C.  (under  30  pounds  pr«-»ii« 
all  spores  are  killed.  It  is  necess.iry  in  using  the  autoclave  to  replace  t' 
air  with  superheated  steam,  so  that  the  theoretical  tempemture  reckon 
from  the  pressure  and  the  thermometer  lemi>enUure  may  bo  the  'anie 

Storage  of  Cufture^media. — For  convenience  in  th.»  u»c  of  cul 
media  it  i*  iinniedintely  after    its   preparation  ran  otT into  test-tubes, 
tubes  are  l>est  filled  by  nn^sins  of  n   funnel  to  which  \*  Mf     ' 
tnbing  with  a  glass  tin.     The  flow  of  the  me<iium  is  con- 

of  a  stop-cook.     Care  should  l>e  taken  that  none  of  the  mo«i,.i  d^ 

the  neck  of  the  test-tube,  and  to  avoid  this  the  glass  tip  should  be  •►-•I 
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interted  into  it.  The  quantity  of  the  medium  run  into  each  lube  depends 
upon  the  ehnrai-ter  ami  jiurpnse  of  the  nHMlium  and  the  size  of  the  test- 
tube. 

Preparation  of  Culture- medta. — Liquid   Media. — Bouillon. — To  make 
[1000  ccm.: 


Fine  chopped  lean  beef, 
Water, 


500  gm. ; 
1000  ccm. 


Mix  well  and  allow  to  ataml  in  a  cold  place  over  night.    Strain  through 
a  coarse  towel  and  add  .sulfiiient  water  to  make  1000  cctn.     Add  : 


Peptonic  (1  per  cent.), 
Common  Jialt  (<J..5  per  cent.), 


10  gm. 
5     •■ 


Boil  mixture  for  one-half  hour,  standardize  the  reaction,  filter,  tube,  and 
sterilize. 

Bouillon  may  be  quickly  prepared  by  substituting  for  the  fresh  meat 
3  gm.  Liebig's  extract  of  beef.  Growth  of  most  bacteria  upon  this  mbdium 
is  not  especially  characteristic,  but  in  some  species  iraportaul  ditrereneca 
appear.  The  presence  or  absence  of  any  growth  on  the  surface  of  the 
bouillon  (a  membrane  or  mycmlerni),  of  sedimentation  or  any  change  in. 
the  reaction,  is  noted. 

Bouillon  is  mrnlitied  by  the  aildition  of  1  or  2  percent,  of  grajie-sugar, 
which  may  be  used  for  tlie  growth  of  anaerobic  organisms.  Olycerin  (ti  to 
8  per  cent.)  is  added  to  bouillon  when  a  liquid  media  is  deaired  for  the 
growth  of  tubercle-bacilli. 

Liqtii'l  Blmi<l-»mim. — Very  rarely  employed.  Blood  should  be  collected 
in  sterile  flasks  and  allowed  to  stand  until  it  has  eoafrulated.  The  scruru  is 
then  drawn  off  with  sterile  inpettes  and  run  into  sterile  test-tubes.  They  are 
incubated  for  frrmi  twenty-foitr  to  forty-eight  hours,  and  all  that  are  contami- 
nated are  thrown  away.  The  tubes  should  then  be  stored  in  the  ice-cheat. 
Ascitic  antl  hydrocile  fluids  are  collected  ;ind  treated  in  the  same  way. 

Milt. — This  is  a  convenient  medium  for  determining  the  coagvilatlng  and 
fermenting  properties  of  bacteria.  Litmus  is  usually  added  and  thi' reac- 
tion may  also  be  determineii.  Fresh  milk  is  placed  in  flasks  and  steamed 
in  a  sterilizer  fur  half  an  hour.  This  causes  the  cream  to  collect  on  the 
surface  and  the  milk  is  removed  by  means  of  a  pipette.  Enough  of  a  solu- 
tion i)f  blue  litmus  is  a(hled  to  form  a  pale  blue  color.  The  milk  is  then 
run  into  test-tubes  and  sterilized  for  from  thirty  to  forty-five  minutes  on 
three  successive  days. 

Potato  Ertrart. — This  is  prepared  by  rubbing  up  500  gm.  of  potato  in 
.500  ccm.  water,  decanting  and  diluting  to  1000  ccm.,  and  adding  40  ccm. 
glycerin.     This  is  a  good  medium  for  the  Bacillus  tuberculosis. 

Dunham  Pfptone  tSntiitinn. — This  is  used  to  determine  the  indol  reaction. 
To  make  10(H)  ccm.  take — 


Peptone. 
Sodium  chlorid, 
Di.stilled  water, 


10  gm.; 
5     " 
1000  ccm. 


Boil  until  the  salt  and  peptone  are  dissolved,  filter,  tube,  and  sterilize. 
Ufhintkty' s  fluid  is  a  non-albuminous  medium  : 

Water,  10<)O  ccm,  ; 

Olycerin,  .30.4<)  gm. ; 

Boilium  chlorid,  5.7       " 

Calcium  chlorid,  0.1       " 

Magnesium  sulphate,  0.2-0.4      " 

Calcium  phosphate,  2..5-3         " 

Sodium  as[mraginate,  3.4      " 

Ammnniuiii  lact.-ite,  6.7      " 
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Solid  Media. — Agar-agar  is  best  made  by  Bavenel's  method.  To  make 
one  liter  take : 

(a)  Finely  chopped  fresh  meat,  500  gm. 

Water,  500  ccm. 

Mix  and  place  in  ice-chest  over  night  and  strain  through  a  coarse  towel. 

(6)  Agar-agar,  12  gm. ; 

Water,  500  ccm. 

Place  (i)  in  autoclave  and  subject  to  two  atmospheres  pressure,  then 
allow  to  cool  below  100°  C.  before  opening.  Cool  agar  solution  to  75°  C, 
then  thoroughly  mix  (6)  with  (a),  to  which  has  been  previously  added  10 
gm.  dried  peptone  and  5  gm.  common  salt.  Boil  for  iitx>m  three  to  five 
minutes,  standardize,  and  filter.  The  best  filter-paper  to  use  is  Schleicher 
and  SchuUs,  No.  697.  The  whole  process  takes  only  one  and  a  half 
hours. 

Glucose,  lactose,  or  saccharose  agars  are  prepared  by  adding  2  per  cent 
of  the  respective  sugars  to  the  filtered  agar.  Such  media  are  used  to  study 
the  action  of  the  various  ferments. 

Glycerin-agar  is  made  by  adding  5  to  6  per  cent,  glycerin  to  the  filtered 
agar.  This  forms  a  good  medium  for  the  growth  ot  the  Bacillus  tubercu- 
losis. 

Serum-agar  is  a  medium  used  especially  in  the  cultivation  of  the  Micro- 
coccus gonococcus.  It  is  prepared  by  mixing  a  tube  of  melted  a^ar  which 
has  been  cooled  below  75°  C.  with  one-third  of  its  bulk  of  sterile  serum 
Aiuman  or  swine).  The  mixture  is  then  either  slanted  or  poured  into  i 
Petri  dish  and  allowed  to  harden. 

Bhod-agar  is  prepared  by  smearing  an  agar  slant  or  plate  with  sterile 
blood.  The  blood  may  be  obtained  either  from  the  placenta  and  stored 
awav  in  test-tubes  or  from  the  finger.  In  the  latter  case  the  finger  should 
be  thoroughly  sterilized,  then  pricked,  and  a  drop  of  blood  taken  up  with  i 
sterile  capillary  tube  and  transferred  to  the  agar.  This  medium  is  used  in 
the  cultivation  of  the  Bacillus  influenza  and  the  Micrococcus  catarrhalis. 

Blood-serum. — Lofller's  mixture  consists  of  1  part  glucose  bouillon  and  3 
parts  beef  blood-serum. 

The  blood  is  collected  at  the  slaughter-house  under  cleanly,  but  not  nec- 
essarily sterile,  precautions,  and  set  away  in  an  ice-chest  for  from  twenty- 
four  to  forty-eignt  hours  in  order  to  allow  complete  clotting.  The  serum  ii 
then  removed  with  a  clean  pipette  and  thoroughly  mixed  with  the  glucose 
bouillon.  The  mixture  is  tubed  and  slanted  either  in  a  hot-air  oven  or  in  * 
blood-serum  iiispissator.  It  should  be  heated  at  85°  to  95°  C.  for  two  or  three 
hours  until  the  serum  is  firmly  coagulated.  Care  should  be  taken  that  the 
serum  does  not  become  overheated  and  that  it  is  perfectly  solid,  or  when  the 
steam  sterilization  takes  place  the  surface  is  apt  to  become  roughened  by 
the  formation  of  bubbles.  The  hardened  slants  are  then  placed  in  the  steam 
sterilizer  and  sterilized  on  three  consecutive  days. 

When  the  blood  has  been  collected  and  tubed  under  all  sterile  precau- 
tions, it  is  sterilized  by  the  low-temperature  method  (see  page  882)  and  then 
inspissated.  The  latter  method  is  employed  in  the  preparation  of  media 
for  tubercle-bacilli.    For  this  latter  purpose  5  per  cent,  glycerin  is  added. 

Potato  medium  is  prepared  as  follows,  according  to  Ravenel :  Potatoes  are 
first  washed,  then  ])ared,  and  solid  cylinders  cut  out  with  a  cork  borer  the 
size  of  the  test-tubes.  The  plugs  are  then  cut  longitudinally  in  an  oblique 
direction  and  allowed  to  soak  in  tap-water  which  has  been  made  .slightly 
alkaline  by  the  addition  of  sodium  hydroxid  for  from  four  to  six  hours. 
They  are  then  washed  thoroughly  in  running  water  over  night.  A  pledget 
of  a1)sorbpnt  cotton  is  then  pushed  down  into  the  bottom  of  trie  tube,  extend- 
ing upward  for  one  inch.  The  potato  is  then  pushed  into  the  tube  and  the 
entire  surface  covered  with  water.     (In  the  case  of  preparation  of  potato 
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mcUia  for  tubercle-bacillus  tlie  surliice  shoulj  be  covered  with  5  per  cent. 
glycerin.)  The  stopper  is  well  litleil  ia  ami  tlie  tube.s  eiipped  with  tiii-loil. 
Tlie  tubes  nhuulJ  be  sterilizeil  for  hirly-tive  miijules  liaily  iiii  three  aueces- 
sivedavs.     When  the  tube  is  lo  be  u^ed  the  eseeru*  u\'  Huid  is  poured  oil'. 

Geldtin. — To  make  IIMJO  ceiu.  prepare  HlOOceiii.  meat  extract  us  de.tcribed 
in  preparation  of  bouillon.  Add  I'lgni.  dried  peptone, ;')  gm.  sodiuiu  chlorid, 
and  from  l<HJ  to  lOO  gni.  gelatin.  The  whole  is  slowly  brought  to  the  boil- 
ing-point, until  the  ]>eptone,  salt,  and  gelatin  are  dissolvetf  and  the  uieal- 
albuiuin  thoroughly  coagulated.  The  iiii.tture  is  stundurdized,  IJltored,  and 
tubed.  Care  should  be  taken  not  to  overheat,  since  the  gelatin  easily  lom-a 
its  [)roperty  of  aoliditication.  Tlie  meiliuiii  should  he  sterilized  lor  twenty 
minutes  daily  on  tiiree  successive  days,  and  after  each  sterilization  should 
be  imnvediately  set  in  ice-water.  The  immediate  cooling  alter  exposure  to 
heat  increases  its  solidifying  property. 

Glueote  f/elatin  is  pre[iared  hy  adding  1  to  2  ]ier  cent,  gluume  to  ordinary 
gelatin.  This  forma  a  good  medium  for  the  growth  of  anaSrobic  bacteria  at 
room  temperature. 

finrkowfki'ii  uriite  (jftatin,  for  the  differentiation  of  typhoid  and  coli  bacilli, 
is  pre|iared  as  follows  : 

Urine  lsp.gr.  1020)  which  is  two  days  old  and  strongly  ammoniacal  ia 
heated  on  a  water-hatli  for  one  hour,  Om  per  cent,  jieptone  and  3.3  to  ti.ti  per 
cent,  gelatin  having  previously  been  added.  This  niixtiire  is  then  filtered, 
tubed,  and  steriliziil.  The  sterilization  is  accorafilished  by  steaming  in 
steam  sterilizer  for  fifteen  minntas  on  the  first  day  and  for  ten  minutes  on 
the  following  day.  With  this  medium  and  in  plate  cultures  the  typhoid 
bacilli  exhibit  themselves  in  from  fifteen  to  twenty-four  liours  as  irregularly 
bordered  colonics  with  hmgflagella-like  projections,  wliile  the  coli  communis 
colonies  appear  as  they  do  in  normal  gelatin — /.  e.,  as  fiat,  spreading,  irregu- 
larly borderwl,  ilull  wliite  colonies  on  the  surface;  and  as  circular,  often 
lolmlated  colonic-s  with  yellow  granular  center  in  the  deeper  structures  of 
the  gelatin. 

Preservation  of  Culture- media. — Culture-media  that  have  been  tubed 
are  best  preserved  by  means  of  a  tin-foil  cup  which  prevents  evaporation  and 
the  invasion  of  moulds.  Before  the  first  sterilizjition  the  cotton  [dug  is  in- 
troduced deeper  than  ordinarily  and  cut  otf  at  a  level  with  the  edge  of  the 
tube.  Tin-foil  cut  in  appropriate  squares  is  then  placed  over  the  mouth  of 
the  tube,  care  being  taken  to  have  perfect  apposition  around  the  edge  of  the 
tube.     The  tubes  are  sterilized  according  to  the  usual  method. 
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The  presence  or  abseni'e  of  bacteria  in  any  given  substance  is  determined 
by  cover-glass  preparations,  culture,  or  animal  inoculation.  In  the  cidleo- 
tion  of  all  material  for  bacteriologic  examination  care.  mii.«t  be  taken  l<> 
avoid  contamination  from  the  air  and  surrounding  object.s.  Korthis  ]inrpose 
evervthing  with  which  the  inateri.il  may  come  in  contact  must  be  alwolulely 
sterile.  The  most  convenient  method  of  collecting  pus  anil  exudates  is  liy 
means  of  the  swab  stick.  These  :ire  m.ide  best  from  aluminium  wire,  arountl 
the  end  of  which  is  wound  a  smalt  piece  of  absorbent  cotlon.  The  stick  i» 
placed  in  a  test-tube  and  pluggeii  and  the  whole  sterilized  in  a  hot-airoven. 
Pathologic  fluids  are  cnliecteil  in  sterile  capillary  tubes,  sterile  veterinary 
syringes,  sterile  medicine-droppers,  or  by  as|>iration  into  sterile  receptacles. 

Cover-glass  Preparations.— VII  suspected  pathologic  material  should 
first  be  examined  microscopically  in  order  to  determine  the  approximate 
number  and  character  of  the  b.icteria  present.  A  cover-glass  preparation  is 
made  by  placing  a  very  small  amount  of  the  substance  to  be  examine<l  on  a 
clean  cover-glass  and  s|>rcading  i(  out  by  pressing  between  two  cover-glasses. 
The  thin  film  is  allowed  to  dry  in  the  air  and  fixed  by  passing  through  the 
flame  three  times.    The  preparation  is  then  stained  with  one  of  the  basic 
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anilin  stains.  This  is  accomplished  either  by  staining  directly  upon  the 
cover-glass  with  a  dilute  stain  or  hy  diluting  a  concentrated  stain  in  a  watch- 
glass  and  floating  the  cover-glass  him  side  downward  on  the  solution. 

Staining  of  Bacteria. — ^The  basic  anilin  stains  are  used  in  staining  bac- 
teria. They  are  kept  in  stock  in  saturated  alcoholic  solutions  and  diluted 
1 :  lU  and  1 :  100  as  needed  for  use. 

Liittler's  alkaline  methylene-blue  solution  (see  page  867)  and  carbolated 
thiouin  (see  page  868)  are  useful  stains. 

Aqueous  Fuohsin. — 

Saturated  alcoholic  solution  of  fuchsin,  10  ccm.  ; 
Water,  100    " 

Methylene-blue  is  the  most  satisfactory  for  simple  staining  since  it  does 
not  stain  so  intensely  as  the  others.  The  bacteria  are  stained  deep  blue.  In 
staining  with  Aichsin  care  must  be  taken  to  use  a  dilute  solution  and  to 
stain  for  a  very  short  time. 

Ziehl's  solution  is  the  best-known  stain  for  tubercle-bacilli. 

Fuchsin,  0.25  gm.; 

Alcohol,  10  ccm. ; 

Carbolic  acid  solution  (6  per  cent.),        100    " 

Weiohselbaum't  Method  for  Staining  Tubercle-bacilli. — The  specimen  is 
stained  with  Ziehl's  solution  for  three  minutes,  heating  over  a  bunsen  burner 
until  steam  arises.  It  is  then  decolorized  and  counterstained  in  a  saturated 
alcoholic  methylene-blue  solution  for  two  minutes. 

Gabbet't  stain  is  also  used  as  a  decolorizer  and  counterstain.  The  for- 
mula is  : 

Sulphuric  acid,  25  ccm. ; 

Aqua  dist.,  100    " 

Methylene-blue  to  saturation. 

The  decolorizing  and  counterstaining  may  be  done  separately  as  follows 
with  the  Ziehl-Neelson  method : 

1.  Stain  with  carbol-fuchsin  at  steam  heat  for  two  minutes. 

2.  Decolorize  in  5  per  cent  sulphuric  acid  for  two  to  five  seconds. 

3.  Wash  in  70  per  cent,  alcohol  until  all  color  disappears. 

4.  Counterstain  in  an  aqueous  methylene-blue  or  Loffler's  methylene-blue 
solution. 

The  smega  bacillus  and  the  group  known  as  the  acid  "  fest "  bacilli  also 
stain  by  this  method,  althouph  the  former  can  be  decolorized  by  alcohol. 

Contrast  Stains. — Gram's  Method. — 1.  Stain  in  aniliu-water  solution 
of  gentian-violet  for  two  to  three  minutes.  Anilin-water  gentian-violet  is 
prepared  by  vigorously  shaking  together  100  ccm.  distilled  water  and  4  ccm. 
anilin  oil.  "  Filter  through  wet  filter-paper  into  watch-glass  and  add  enough 
of  a  saturated  alcoholic  solution  of  gentian-violet  to  form  a  metallic  scum 
on  the  surface  (usually  about  1  ccm.). 

2.  Dry  between  filter-paper. 

3.  Treat  with  iodid-iodin  solution  (iodin  1  gm.,  potassium  iodid  2  gm., 
water  .300  cc.)  for  one  and  a  half  to  two  minutes. 

4.  Dry  between  filter-paper. 

r).  Decolorize  in  95  per  cent,  alcohol  until  color  no  longer  is  washed 
away. 

(i.   Wash  in  water. 

7.  ('(Hinterstain  in  a  weak  aqueous  solution  of  alcoholic  fuchsin. 

This  method  decolorizes  some  varieties  of  bacteria  (see  list  below)  and 
coiinterstains  thom  with  fuchsin,  while  other  varieties  retain  the  violet  stain. 

The  more  important  bacteria  behave  as  follows  to  Gram's  stain: 
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Stained  by  Gram. 
Streptococcus  pyogenes. 
Staphylococcus  ))yopones  uureus. 
Stuphylococcus  pyogenes  albus. 
Friinkel'!*  pneumococcus. 
Mirrococcu-j  tetrugenus. 
Stre|>t<jtlirix  actrnoiiiyces. 
B:icilhi.H  of  tuberculosia. 
Bacillus  of  leprosy. 
Bacillus  <jf  tetanus. 
Bacillus  of  antlirax. 
Bacillus  tliplitlieria;. 
Bacillus  of  swi]ie  plague. 
Bacillus  of  mouse  septicemia. 
Bacillus  subtilis. 
Bacillus  of  piitato. 
Bacillus  acrogenes  eiica]isulatUi). 


Decolorized  bij  Gram. 
Micrococcus  catarrlialis. 
(lonococcus. 
Diplucoccu^  intracellularis  inenuigi* 

tiilis. 
Bacillus  typlkosus. 
Bacillus  coli  communis. 
Bacillus  of  rabbit  septicemia. 
Bacillus  of  chicken  clvolera. 
Bacillus  of  niali^'iunit  eilema.  (?) 
Bacillus  of  Fried liiiiiler'.s  pueumonio. 
Bacillus  of  bubonic  plague. 
Bacillus  of  }f landers. 
Bacillus  of  influenza. 
Bacillus  proteus. 
Spirillum  i>f  relapsing  fever. 
Vibrio  clioh-ne. 


Special  Stain  for  Differentiating  Diphtheria  and  Pieudodiphtheria  BaoiU 
lus  (,1'iilar-body  Stain). — 1.  Stnin  a  twenty-four-liour  old  culture  with  alka- 
line raethylene-blue  solution  under  sliirht  heat  for  two  to  three  minutes. 
t'i.  Decolorize  with  3  per  cent,  acid  alcohol  fur  two  to  three  seconds. 
3.  Wash  in  water. 
4.  Countcrstain  with  1   per  cent,  aqueous  solution  of  eosia  for  fiileen  to 
thirty  seconds. 

5.  Wiush,  dry,  and  mouul. 

The  polar  bodies,  which  the  true  bacilli  alone  contain,  are  stained  blue 
and  the  remaintler  of  the  b.icillus  pink. 

The  stain  is  somewhat  limited  in  ita  usefulness,  however,  since  the  true 
bacillus  of  diphtheria  does  not  always  exhibit  a  j>olar  body. 

Pick-Jacobsohn's  Contrast  Stain. — Methylenr-btue-eoti'n  stain  is  a  good 
stain  fur  pus  preparations. 

1.  Stain  with  a  mixture  of  LolHer's  methylene-bltie  3ii  parts  and  a  satu- 
rated alcoholic  solution  of  eosiii  \*)  parts  fur  one-half  uiiuute. 

2.  Wash  in  water. 
Bacteria  are  stained  deep  blue,  nuclei   lighter  blue,  ami  cell-protoplaara, 

etc.,  red.     The  best  results  are  obtained  by  a  Irishly  prepared  stain. 

Staining  of  Spores  ((jhon's  Modification  of  Mueller's  Slethod). — 1.  Wash 
cover-glass  spreads  in  .j  iier  cent,  chromic  acid  for  two  ininiitt-s. 

2.  Wash  thoroughly  in  water. 

3.  Stain  with  carljol-fuchsin  at  steam  heat  for  one  to  two  minutes. 

4.  Uifferentiate  with  a  5  per  cent,  sulphuric  acid  solution  for  one  second. 

5.  Wash  in  water. 

6.  Countcrstain  with  borax  methylene-blue  for  one-half  minute. 

7.  Wash  well  in  water. 

8.  Dry  and  mount  in  Canada  balsam.  The  spores  arestained  red;  bac- 
teria blue. 

Capsule  Staining. — 1.  Make  cover-glass  preparation  without  using  water. 

2.  Wifh  ill  eoocentrnted  acetic  acid  for  two  minutes. 

3.  Dry  without  washing. 

4.  Stain  with  anilin-water  solution  of  gentian-violet  one  to  two  minutes. 

5.  Ditterentinte  in  oO  per  cent,  alcohol  for  one-half  to  one  second. 

6.  Wash  well  in  water. 

7.  Drv  and  mount  in  Canada  balsam.  Bacteria  deeply  stained,  while 
capsule  torm-  a  liiibter  halo. 

Flagella  Staining. — to  stain  successfulljr  for  flagella,  the  following  cau- 
tions must  be  observed: 

1.  The  cover-glasses  must  be  absolutely  clean  and  free  from  greate.  For 
this  purp<K»e  they  are  warmed  in  concentrated  sulphuric  acid,  washed  in 
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water,  and  kept  in  a  mixture  of  equal  parts  of  alcohol  and  concentrab 
aoimonium  hydroxid  golution. 

2.  The  film  must  be  evenly  and  thinly  made,  with  very  few  bacteria 
the  emulsion.    The  emulsion  must  be  diluted  with  filtered  water  until  the 
is  only  a  slight  cloudiness.    A  small  drop  is  placed  on  the  cover-glass  ai 
spread  out  with  the  platinum  spatula. 

3.  As  little  beat  as  possible  must  be  used  in  fixing  and  staining,  and 
avoid  overheating  the  hnger  should  be  placed  beside  the  cover-glass  as  t 
indicator. 

4.  Use  a  young  culture.    Best  eighteen  hours  old. 
The  best  results  are  obtained  by  staining  with  Hair's  modification  i 

Pitfield's  method. 
(a)  Mordant: 

Tannic  acid  (10  per  cent,  solution — filtered),  10  ccm. ; 

Mercuric  chlorid  (saturated  aqueous  solution),  5    " 

Alum  (saturated  aqueous  solution),  5    " 

Carbol-fuchsin  (filtered),  5    " 

Thoroughly  mix  and  after  the  precipitate  forms  and  is  deposited  tl 
supernatant  solution  is  removed  with  a  pipette.  This  mixture  keeps  from  oi 
to  two  weeks. 

{b)  Stain : 

Alum  (saturated  aqueous  solution),  10  ccm. ; 

j  Gentian-violet  (saturated  aqueous  solution),        2    " 

:    ■  i  Filter  before  using.    Keeps  for  two  days. 

'  Heat  gently  with  mordant  until  steam  arises  and  keep  at  steam  heat  t 

'.  one  minute.     Wash  well  in  running  water  and  allow  to  dry  in  air.    He 

I  with  stain,  as  before,  for  one  minute,  dry  in  air,  and  mount. 

Staining  of  Bacteria  in  Tissues. — Tubercle-bacillut. — 1.  Stain  sectic 

I    ,:  with  carbol-fuchsin  for  at  least  one  hour  at  incubator  temperature. 

j    'I  2.  Wash  well  in  water. 

3.  Differentiate  with  15  per  cent,  nitric  acid  for  five  to  ten  seconds. 

4.  Wash  in  water. 

5.  Wash  in  9o  per  cent,  alcohol  until  the  section  appears  very  light  i 
color. 

6.  Wash  in  water. 

7.  Counterstain  with  Loffler's  alkaline  methylene-blue  for  from  one-ha 
to  two  minutes,  or  until  the  preparation  is  stained  regularly  with  blue. 

8.  Wash  in  water. 

9.  Transfer  to  slide  (if  celloidin  section). 

10.  Wash  in  95  per  cent,  alcohol. 

11.  Dehydrate  in  absolute  alcohol. 

12.  Dry  with  filter-paper. 

13.  Cle'ar  with  xylol. 

14.  Mount  in  balsam. 

The  tubercle-bacilli  stain  red,  while  other  bacteria  and  the  tissues  stai 
blue. 

Ghon's  Method  for  Staining  Bacteria  in  Tissue. — 1.  Stain  section  i 
borax  nu'thylene-blue  (borax  1  part,  methylene-blue  1  part,  water  100  part 
for  five  niiiuites. 

2.  Differentiate  in  acetic  acid  (J  to  }  per  cent.)  for  one  to  two  seconds. 

'^.  Wiisli  in  water  for  tliree  to  five  minutes. 

4.  Transfer  to  slide  (if  celloidin  section). 

r>.  Wa-^li  with  95  per  cent,  alcohol  one-half  minute. 

6.  Dehydrate  f]uickly  with  absolute  alcohol. 

7.  Clear  witli  xylol  and  mount  in  balsam. 

Seetions  stained  by  this  method  show  the  bacteria  and  nuclear  structur 
stained  deep  blue,  while  the  protoplasm  takes  on  a  light  blue. 
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Gram-Weigert  Method. — .'^tuiii  acctiDu  on  dlide. 

1.  Stain  with  iiriiliti  j/iMitiiin-violci  for  two  to  three  minutea. 

2.  Dry  with  lilottiiig-papfr. 

3.  Treat  willi  the  iiiiliii  solution  for  one  and  a  half  to  two  minutes. 

4.  Itry  witii  blolting-jtaptT. 

5.  Decolorize  and  dehjUrule  with  anitiu-sylo)  (aiiilin  oil  1  jiurt,  xylol 
2  parts). 

6.  Clear  and  thoroughly  remove  anilin  with  frequent  ehangeti  of  xylol. 

7.  Mount. 

This  stain  \i  mixlitied  by  (ir»t  iitaiuiii);  the  section  in  lithiuni-i'antiiii  for 
ten  minutes,  washing  iiuiekly  in  water,  and  dili'erentiating  the  stain  in  aeid 
alcohol.  This  stains  the  nuclei  red,  the  tissues  jiale  pink.  Further  diHer- 
entiation  (Unna's  modification)  can  be  secured  by  adding  two  or  three 
drops  of  8aturate«l  ahsidute  alcoholic  solution  of  picric  acid  to  the  anilin- 
xylol  and  staining  while  decolorizing  the  IJratn  slain. 

A  section  stained  in  this  way  will  shcjw  the  bacteria  blnisb-black,  the 
nuclear  structure  red,  and  the  jirotoplasin  and  fibrous  tissue  yellow. 

Examinatlan  by  Culture.— Inoculation  of  Media. — In  studying  the 
growth  i){  niicni-iirgantsiiis  a  |piirtioii  of  I  he  cultare-tluid,  or  other  sub- 
stance to  be  e.xiiinined,  is  transferred  In  llie  various  culturc-tuljcs.  To  do 
this  an  inoculating-needle  (««)  is  enipltiyed.  This  is  most  conveniently 
made  with  a  piece  of  platinum  wire  one  to  one  and  a  half  inches  in  length, 
either  straight  or  witli  lo(>[>ed  end,  and  fiLstened  into  the  extremity  uf  a 
ghiss  rrnl.  It  should  be  an  invariable  rule  to  sterilize  this  needle  in  the 
ualccd  rianie  both  before  and  after  it  is  used.  In  inoculating  liquid  ineilia 
the  trunsfereuee  id'  a  biopfnl  id'  the  culture  or  other  substance  is  made  to 
the  culture-tiilic.  When  solid  media  areerii[doyed  a  straight  puiu'lure  may 
be  made  into  the  medium,  or  this  latter  may  be  solidified  in  a  slanted  jiosi- 
tion  and  the  needle  drawn  along  the  surface.  Due  regard  must  be  liad  for 
the  ricliness  in  bacteria  of  the  substiince  e.Kaniiiied.  With  ptrre  cultures 
but  a  minute  quantity  is  trairsferred  ;  with  blood,  however,  large  amouuts, 
even  J  to  1  ec,  are  often  u-ed. 

To  study  the  appearance  '<(  the  separate  colonies  cultures  on  gelatin  or 
agar  plates  are  made.  The  medium  is  melted  and  iheii  cimled  tn  a  tem- 
perature not  destructive  to  the  bacteria;  40°  ( ..  (1U4'  F.)  for  iigar,  lower  for 
gelatin.  The  liquid  medium  is  inoculated  carefully  and  poured  into  steril- 
ized shallow  gliiss  dishi-s.  Thfwe  devised  by  Petri  are  useful.  They  are 
from  three  and  a  half  lo  four  inches  in  dianieter  and  half  an  inch  or  less 
deep.  Eiich  microbe  is  supposed  to  form  by  its  growth  a  separate  colony, 
and  in  this  way  ditferent  species  can  be  easily  isolated  and  reinoculated  on 
fresh  tubes.  When  cidtures  are  u.sed.or  when  the  bacteria  are  very  numer- 
ous, the  requisite  dilution  nuiy  be  made  by  inoculating  ft  seconil  tulie  from 
the  first,  and  in  like  manner  a  third  from  the  second.  Rsmarcb,  instead  of 
pouring  plates,  quickly  roUed  the  tubes  on  a  piece  of  ice  or  in  ice-water, 
thereby  iorming  a  thin  coating  of  the  solid  medium  on  the  inner  surface  of 
the  tube.  If  it  is  necessary  to  make  a  numerical  estimatinn  of  the  bacteria, 
definite  quantitie.s  of  the  medium  ami  culture  must  be  employeil  in  the 
dilution,     isterilized  ]>ipettt?s  .'in   used  in  the  process  of  diluting. 

Stroke  Cultures  on  Agar  Plates. — Tour  melted  agar  (cooled  to  60°  C.)  in 
Petri  dislies  which  liave  been  warmed  over  the  Hunsen  burner  so  that  the 
glass  and  agar  may  have  nearly  the  same  temperature.  When  it  has  be- 
come hardened  a  small  loopfnl  of  the  material  to  be  examined  is  placed  on 
a  broad  pliitiiium  spatula  ami  stroked  on  the  plate,  five  parallel  strokes 
being  made  on  each  plate.  If  th(>  iireliminary  microscoidc  examination  has 
indicated  that  there  is  a  great  number  and  variety  of  bacteria  present,  two 
plat<>s  should  be  used,  making  the  last  stroke  on  the  second  ]date  the  ninth 
dilution.  Colonies  cultivated  by  such  a  method  can  be  readily  .studied 
under  the  low  ami  medium  powers  of  the  microscope  and  can  be  easily 
^isolated.    This  methixl  is  especially  applicable  for  the  cultivation  of  the 
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Bacillus  infiaenis,  in  which  cue  the  anr  mart  fint  be  nneand  with  tta 
blood. 

Isolstioa  aod  IdaBtlflartioa  of  Bacteria.— Btcterim  an  iaolated  ii 
colonies  by  the  methods  described  sbore.  The  nowth  should  then 
examined  under  low  magnification  and  ouestionAle  colonies  should 
designated  by  marking  the  bottom  of  the  plate  with  an  anilin  pencil.  1 
marked  colonies  shooM  thai  be  transferrea  by  the  platinum  needle  to  si 
agar. 

The  identification  of  bacteria  is  accomplished  by  obeerring  the  follow 
principles :  1.  The  siae  and  form  of  the  oiganiun  should  lie  studied 
stained  preparation.  2.  The  motili^  should  be  studied  in  the  hang 
drop.  8.  Tne  presence  or  absence  of  flagella,  their  number,  character,  i 
arrangement.  4.  The  presence  or  absence  of  spores,  and  the  dtantetensi 
of  the  sporulation  should  next  be  studied.  0.  The  organism  should 
stained  by  Gram's  method  and  dirided  into  one  or  die  other  of  the  1 
classes— Gram  positive  or  negatiTe.  6.  The  character  of  the  culture 
aw  should  be  noted  and  a  transforence  made  on  idl  the  difierent  met 
Ijie  following  characteristics  should  be  noted: 

(a)  Behavior  to  gelatin  stab-culture,  liqnefiwtion  or  not 

lb)  Growth  of  deep  and  surftoe  colonies  on  gelatin  and  agar. 

(e)  Growth  in  bouillon;  presence  of  sediment,  cloudiness  or  surf 
growth. 

(d)  Growth  on  the  sugar-media  (ghiccae,  sacduurase,  and  lactose);  p 
duction  of  gas. 

(e)  Growth  on  litmus-milk ;  curdling  and  reaction. 
(/)  Growth  on  potato. 

(a)  Growth  on  special  media ;  blood-agar,  gljcerin-agar,  ete. 

(a)  Behavior  to  oxygen ;  afirobic  or  anafirobic. 

m  The  optimum  temperature. 

Q  }  The  production  or  indol. 

(«)  The  production  of  pigment 

7.  Patbc^enicity  and  virulence  to  animals. 

Hanging  Drop. — The  motility  of  an  organism  is  best  observed  in  • 
hanging  drop,  which  is  made  by  placing  a  loopful  of  a  bouillon  culture 
an  emulsion  of  bacteria  ou  a  clean  cover-glass  and  inverting  it  ovei 
hollowed  microscopic  slide,  the  edges  of  the  cover-glass  being  sealed  w 
vaselin.  Care  must  be  taken  not  to  mistake  the  vibratory  (Brownii 
motion,  which  is  always  at  one  point,  for  the  current  motion,  caused  by 
complete  apposition  of  the  coverglass  to  the  slide,  in  which  ibe  bacteria 
move  in  one  direction  for  true  motion.  If  an  organism  is  motile  Uiey  i 
seen  movinfr  in  all  directions. 

The  Widal  Reaction  Is  Performed  at  the  Pepper  Laboratory 
follows :  The  blood  is  collected  from  the  finger  of  tlte  patient  by  met 
of  a  capillary  tube  having  a  conical  enlargement  at  the  middle.  Af 
filling  the  tube,  it  is  sealed  at  both  ends  and  the  blood  allowed  to  sta 
until  the  serum  separates. 

An  emulsion  of  an  eighteen-  to  twenty-foui^hour  typhoid  culture  is  mt 
in  physiologic  salt  solution,  approximately  the  same  dilution  always  be! 
made'(l  loopful  of  culture  or  about  2  gra.  to  10  ccm.  salt  solution).  A  hai 
ing  drop  is  made  of  the  emulsion,  and  if  any  clumps  are  present  it  is  filtei 
through  sterile  filter-paper.  Capillary  pipettes  are  then  drawn  out,  and  c 
drop  of  serum  is  diluted  in  5  drops  of  physiologic  salt  solution  (diluti 
1 :  5).  One  drop  of  this  solution  is  then  placed  on  a  cover-glaiis  with  c 
drop  of  the  culture  emulsion  (dilution  1 :  10).  If  agglutination  takes  ph 
witnin  ten  minutes  a  second  dilution  f  1 :  50)  is  made.  If  no  agglutinatiot 
present,  the  reaction  is  said  to  be  negative.  In  making  the  1 :  50  dilutii 
10  drops  of  the  culture  emulsion  are  placed  in  a  watch-glass  and  one  di 
of  the  diluted  scrum  (1 : 5)  is  added.  A  hanging  drop  is  examined,  and 
agglutination  occurs  within  one  hour  the  reaction  is  said  to  be  positive. 
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stead  <if  U!i|iillary  tubes  beiiitr  iiseil,  ii  auire  uccunite  dilution  iimy  be 
made  by  illlutinjr  llu-  blocxi  directly  witU  the  wliitf-lil<niil  cuuiitiiig  tiipette. 
If  drieil  blood  is  usixl,  ii  drif[>  ot'  ibe  lilociil  is  dissoh-cd  in  >\  lircpps  of 
physioloi^ic  salt  soliatioii  and  the  dilutions  made  in  the  same  Diaiiner  su 
above.  Dried  blood  uud  serum  in  tubes  will  retain  llieir  aggiutiiialive 
properties  for  several  months. 

CULTIVATION  OF  ANAEROBIC  BACTERIA, 

The  media  u^^ed  for  die  eultivulion  of  ;iii!ienibi(:  buL-teriii  should  contain  1 
per  cent,  plucose ;  should  be  fresh  and  carefully  at;ind!irdizeii  {I  to  1.5  jier 
cent,  aciditv  to  phenolphthalein).  Before  using  they  should  be  boih^,  to 
drive  otf  ail  the  oxypen   absorbed  during  its   |ire|)iiration   and  storage. 

Methods  with  Solid  Media.— Exclusion  of  Oxygen.— .iVc/Aw/  of  Li- 
horiwi. — Tliis  is  11  siiii|ilt-  metliiKl  iind  (■oisisis  in  oultivatinf;  bacteria  in  the 
deeper  layers  of  media  containiii);  1  per  eent.  j.'lueii»e.  A  tube  three- 
quarters  full  of  glucosc-.igar  or  gelatin  is  boileil  fora  few  minutes  in  order  to 
expel  the  oxygen.  l!  is  then  cooled  rapidly  in  cold  water,  but  while  still 
liquid  it  is  placed  in  a  water-buth  at  a  temperature  of  40°  C.  As  »o<ia:i.s  the 
media  cools  to  this  temperature  it  is  inoculated  and  rapidly  cooled  in  ice- 
water.  If  a  stab-rulture  ia  d(^li^ablc  the  media  is  rapidly  i«>liditied  in  ice- 
water  and  then  inoculated.  Tiie  U[)per  portion  of  the  media  is  then  heated 
over  a  bun-sen  burner  and  the  upper  end  of  the  stab  sealed.  A  layer  of  plain 
melted  agar  may  be  run  into  tlie  tube  above  the  sotiditied  glucose-af/ar  and 

tact  !«  a  safety-ifuard  in  the  exelusioa  of  the  oxygen.  This,  as  a  rule,  is  un- 
necessary. ThediH'use  inoculation  of  the  tubes  serves  as  a  good  method  l-ir 
isolating  colonie.s  of  mixed  cultures.  The  individual  colonies  niav  be  picked 
out  bv  mean.i  of  a  heavy  platinum  wire.  The  bacteria  with  tiiia  method 
grow  in  the  deeper  portion  of  the  medium. 

Rrmx'*  Mflhod. — Tills  consists  of  drawing  u])  into  sterile  glass  tube.M  the 
K  inoculateil  media  wliilc  it  is  still  fluid.  The  ends  of  the  tubes  are  then 
^K sealed  in  the  flame  and  all  air  is  thus  excluded. 

Eniivtrrh'f  M'Umii. — Tills  is  a  simple  method  of  isolating  anaerobic  bac- 
teria in  mixed  culture.  ,Vn  Ksmarch  tube  of  the  iuixnilateil  glucose-gelatin 
19  prejiared.  and  when  the  medium  sididifies  melted  gelatin  is  poured  into  the 
tube  and  is  rapidly  cooled  in  ice-water.  The  end  of  the  lube  is  then  sealed. 
The  colonics  develop  in  the  layer  of  gelatin  which  is  rolled  thinly  out  against 
the  side  of  the  tulic  and  rjin  be  studied  under  low  magnifieation. 

E»iiiarch'>  M-f/iod  of  Hull  ('idhtres. — Melt  and  inoculate  three  gelatin  or 
agar  tubes  acconliiig  to  the  method  used  in  diluting  for  plate  cultures,  and 
then  roll  the  tubes  on  a  block  of  ice,  the  tubes  being  held  liorizontally.     As 

•  the  medium  solidifies  it  form.s  a  thin  film  along  the  side  of  the  tube. 
Ptnte  Cultures. — Petri  dishes  should  be  sterilized  with  ihe  under  plate  set 
into  the  cover  bottom  downward.  The  inoeulitteil  medium  I  gelatin  or  agar) 
is  then  ooured  into  the  cover  and  the  under  dish  pressed  carefully,  botlom 
surface  aownward,  into  the  still  liquid  mcilium.  Enough  nieilium  should 
ti?  used  in  order  that  the  pres-^ure  may  fill  the  space  between  the  sides  of 
the  "lishes. 

Absorptiori  of  Oxygen.— .e«rAwT'»  iVc/Ao'/.— The  principle  of  this  method 
is  the  absorption  of  o.xgyen  by  the  mixture  of  an  alkali  and  pyrogallic  acid. 
It  is  applicable  to  both  plate  anil  tnbe  cultures.  These  are  placed  in  a  gla.»s 
jar  in  the  bottion  of  which  i*  pyroirallic  acid  (1  trm.  for  each  100  ccm.  of  air 
•pace).  A  solution  of  pot.issium  hyilroxid  (1  :  111 — 10  ccm.  for  each  gm.  of 
lyrogallic  acid)  is  run  in  and  the  jar  (juiekly  closed  and  sealed  with  pnratRn. 
n  cultivating  a  single  tube  it  is  convenient  to  place  the  inoculatrd  tube  in 
a  larger  one  which  has  a  constriction  about  one  inch  from  the  bottom.  The 
acid  and  alkali  mixture  lies  in  the  chamber  below  tlie  constriction.  Tlie 
large  tube  ia  stoppered  with  a  rulilier  stopper  and  sealed  with  paraffin. 

WriijhVn  Mfthod. — This  methnd  rieiiends  upon  the  same  principle  .is  that 
of  Buchner.     It  may  be  used  with  solid  or  liquid  media.     The  medium  is 
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firi-t  inoculated  and  the  cotton  plug  (aVisorbent  riitinnj  i<  jiutthl 
till!  lube  far  enough  to  iiUow  for  thi>  insertion  of  a  rubber  sto|)per  above  it.  I 
About  1  com.  of  an  aqueou.'*  solution  of  pyrofrnllic  acid  (f<|UHl  puns  of  water  j 
and  nyrogallic  acid  by  bulk)  is  run  into  tlu<  cotton  stop|>er,  and  this  is  fol- 
lowed by  the  addition  of  1  cem.  of  a  sodium  hydrate  solnlion  (1  to  2  (mrtal 
of  water).  A  rubber  stopper  i»  then  inserted  and  sealed  with  melted  par-j 
atiin.  ('are  should  be  taken  that  the  cotton  plug  is  of  such  n  bulk  a»  to 
absorb  the  alkali  acid  mixture  in  order  that  it  will  not  run  down  the  side  uf 
the  tube  ami  contaminate  the  culture. 

Cultivation  in   Fluid  Media. — A   simple   method   for  anaSrobic  cul- 
tivalion   in   bouillon  lias   been   devi.se<l  by  Wright  (Fig.  3C4|.     An  appa- 
ratus consisting  of  an  ordinary  test-tube  contain- 
ing a  .system  of  glass  and  rubber  tubes  i*  prepared  I 
an<l   sterilized.     A   glasj-   tube   (a)  one-half   the] 
length  of  the  teat-tube,  the  ends  being   drawn] 
out  <!omewhat,  is  fitteil  above  and  below  withone>| 
half  inch  of  rubber  tubing  (f) ;  the  upper  rubber! 
tubing  is  connected  with  a  gla»5  tube  which  ex-| 
tends  outside  the  test-tube  and  has  at  its  upper  end] 
a  cotton  plug  (D>.     Attached  to  this  tube  afiorel 
is  a  small  piece  of  rubber  tubing  (p.i.     The  bouil- 
lon is  inoculated  and  is  then  sucke<l  up  until  it] 
half  fiUfl  the  ujiimt glass  tul>e.     The  tertniDal  rub-i 
her  tubing  is  tnen  pinched  in  order  to  avoid  a] 
backward  How,  and  the  whole  system  of  glas-s  and  f 
rubber  tubes  is  pushed  downward.    This  flexes  the  J 
two  rubber  tubi-s  within  the  test-tube  and  kee(>*j 
the  liipiid  at  the  level  to  which  it  is  first  drawn.] 
The  fluid  in  the  glass  reservoir  is  thus  absolutely  j 
free  from  air.    The  bouillon  should  first  be  boiI«!  j 
Itetore  inoculation.  The  advantages  of  this  method 
lie  in  it*  simplicity  and  in  the  fact  that  it  can  b« 
determined  whether  the  bacterium  grows  better  J 
under  aerobic  or  anaerobic  conditions. 

Growth  Under  Layer  of  Paraffin. — This  method  | 
is  especially  applicable  when   it  is  desirable  to  I 
grow  anaerobic  bacteria  in  large  quantities,  ».s  in  - 
case  of  the  tetanus  bacillus  grown  for  the  purpose 
of  obtaining  its  toxin.     A  large  Erleniiieyer  nnsk 
VV  BM  is  filled  one-third  full  with  glucose  bouillon,  and 

\f  W9.  "^''^  *^'^  '"'*  "'""'■'^  "  l".ver  of  liquid  paniffin  one  i 

Vft-y  JJ^^  iin-ii  ii,  fliickiiess.     The  whole  is  then  sterilijwd 

and  is  ready  for  use.  Inoculation  is  made  by 
carrying  the  material  on  a  large  spiral  looji 
through  the  puratiin  into  the  bouillon. 
This  method  is  applied  best  by  [ilacing  cultures  in  i 
Novy  jar  and  exhausting  the  air  by  means  of  an  air-pumr>.  .\  vacuum  '\» 
more  readily  established  W  placing  in  the  jar  n  mixturu  ot  alkali  and  pyni-  j 
gallic  acid. 

Cultivation  in  the  Presence  of  Hydrogen.— This  is  accomplished  by  p.^ssin?  \ 
bydrogi'n  through  a  Now  jar  which  contains  the  tube  or  platr  culture* 
until  all  the  oxygen  has  been  displaced  and   then  hermetically  closinjf  the 
vessel.     Hyilrogen  is  generated  by  the  addition  of  sulphuric  acid  to  granu- 
lated zinc.   The  gas  should  be  pa-ssed  through  two  washing  bottles,  one  cfin- 
taining  an  alkaline  srdution  of  pyrogallic  acid,  the  other  a  1  per  cent,  solu-  I 
tion  of  acetate  of  lead,  in  order  that  it  may  be  entirely  free  of  oxygen.    It  j 
is  then  collected  into  a  reservoir,  and  should  be  testeil  for  the  presence  or  | 
absence  of  oxygen  before  using.     For  this  purpose  it  is  collected  in  a  test- 
tube  inverted  in  water  and  ignited.     If  no  explosion  takes  place  the  hydn)-  j 
gen  is  ready  for  use. 


Fio.  3f.».-Wright's   method 
Kit  anavroblc  cultlvmioQ. 
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of  kidney,  O) 

Acid-intoxication,  35 

of  testicle,  7(U^ 

cryptopeuic.  :«5 

Adhc.«ioiis,  formation  of,  118 
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Acromegaly,  726 
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hematogenic.  047 
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Alexin  theory  of  immnnity,  206 
Alimentary  glycosuria,  40 
Alkaloids,  poisoning  by,  30 
Alloxin  bases,  38 
•-Kraiiules,  333 
Alum-carmin,  865 
Alveolar  abscess,  511 
adenoma,  ITS 
angiosarcoma,  157 
sarcoma,  136 
Ameboid   movements  of  red  blood-cor- 

pascles,  337 
Amido  bodies  in  urine,  37 
Ammonium  sulphid  method  for  demon- 
strating iron  in  tissue,  871 
Amnion,  693 
Amopba  cachexica,  305 
coli,  294 

in  liver,  576 
orinalis,  295 
Amphistoma  hominis,  328 
Amphitrichous  bacteria,  192 
Amyelia,  826 
Aniyelinic  neuroma,  168 
Amylaceous  bodies  of  prostate,  711 
Amyloid  degeneration,  75.    See  Degener- 
ation. 
of  arteries,  416 
of  choroid  plexus,  812 
of  heart,  393 
of  intestines,  539 
of  kidney,  627 
of  liver,  565 

of  lymphatic  glands,  367 
of  mnscles,  751 
of  pancreas,  .584 
of  pituitary  body,  818 
of  spk'en.  364 

of  submucosti  of  stomach,  529 
of  suprarenal  bodies,  604 
of  uterus,  070 
formations,  Iwal.  77 
material,  composition  of,  75,  76 
tissue,  examination  of,  871 
Amyotrophic  lateral  sclerosis,  644 
Anaerobic  bacteria,  201,  891 
Anal  fissure,  542 
Anastomotic  aneurysm,  425 
Anemia.  347 
collateral,  51 
direct.  .">1 
local,  51 
lymphatic.  150 
of  brain,  789 
of  heart-muscle,  392 
of  kidney.  607 
of  liver,  IVift 
of  lungs,  449 

of  mucous  membrane  of  month,  504 
of  muscles.  746 
of  pharynx,  512 
of  pia.  7.56 
of  spinal  cord,  8.31 
of  spleen.  .360 
of  stomach.  522 
primary,  349 
progressive  pernicious,  351 


Anemia,  simple,  349 

secondary,  347 

splenic,  349 
Anemias,  classification  of,  347 
Anemic  infarcts,  57 
Anencephaly,  772 
Anesthetic  leprosy,  259 
Aneurysm,  t22 

anastomotic,  425 

associated  conditions  in    other 
with,  427 

cirsoid,  425 

cylindrical.  425 

definition  of,  422 

dissecting,  424,  427 

ectatic,  ^4 

etiology  of,  422 

false,  422,  429 

fusiform,  424 

miliary,  424  

of  arteries  of  brain,  787 

of  heart,  408 

pathologic  anatomy  of,  424 

saccular,  424,  425 

spindle-shaped,  424 

spurious,  42S,  429 

true,  422 

varicose,  429 
Aneurysma  racemosam  sen  cirsoid 

146 
Aneurysmal  varix,  429 
Angina,  512 

herpetic,  512 

Lndwig's,  513,  518 

pectoris,  403 
Angiolipoma,  147 
Angioma,  145.    See  also  Hemangiomt 

cavernosum,  146 

of  bone,  737 

of  liver,  573 

of  penis,  702 

of  spleen,  365 

telangiectaticum,  145 
Angioneurotic  edema,  65 
Angiosarcoma,  l.'i2,  1.57 

alveolar,  157 

myxomatodcs.  159 

of  dura  mater,  755 

plexiform.  157 
Angiosclerosis.  418 
An  hydremia,  342 
Anilin.  poisoning  by,  30 

stains,  866 
Animal  parasites,  394 
I         in  etiology  of  disease,  32 
I         trichina,  examination  for,  881 
[  Ankylosis  of  joints,  739 
Ankylostoma  duodcnale,  320 
i      duodennlis,  557 
I  Annectant  gyri,  abnormalities  of,  ~ 
Aniu'lides,  328 
Anopheles  claviger,  301 
I      quadrimaculata,  301 
'  Anteflexion  of  uterus,  659 
I  Anteversion  of  uterus,  659 
Anthracosis,  88 

of  lungs,  473 


^^^^^^^^^^^^^/A-DfX.    ^^^^^^^^^^89^^^^H 

AnthruciMi«  of  lymphatic  glandg,  368 

Arteries,  hyaline  degeneration  of,  416              ^^^^| 

AnthniT,  'JtiT) 

hy[H'rtrophy  of,  415                                            ^^^^^ 

antitoxin  of.  207 

hy[H>|ilasia  uf,  415                                                ^^^^H 

bacillus  of.  Slio 

)nti;inmHttiou  of,  417                                             ^^^^^| 

of  intestines,  5.'i:S 

of  bruin,  atheroma  of,  7S/»                                  ^^^^H 

of  mascle-s  7.V2 

coliiml  degeiieratiun  of.  787                                  ^H 

of  gtomach    TkiO 

hyaline  degeneration  uf,  'UO                          ^^^H 

Anlistreptociiccic  scrum,  222 

syphilis  of.  7S7                                                  ^^^H 

Antitoxin,  212 

syphilis  uf,  422                                                     ^^^H 

lu-tion  of,  212 

tuberculosis  of.  422                                                 ^^^H 

flifniii-nl  nature  of,  213 

Artiriocapitlury  tibrosis.  41B                                ^^^^M 

eliniiimtioii  of,  213 

Artt-rioliilis.                                                             ^^^H 

H      of  anthrax,  2117 

Artt'riosclerosis,  418                                               ^^^^B 

^      of  ()i|)htheria.  232 

from  nephritis,  HiS                                            ^^^^M 

of  leprosy,  211                                            t 

Arteriosclerotic  nejibritis,  617                              ^^^^| 

of  tetanus.  270 

Arteritis,                                                                   ^^^^| 

of  ypllnwr  fever.  2S7 

^^^^1 

tran.tnii^ioii  uf.  213 

productive,  417                                             ^^^^| 

Anuria.  (H5 

suppurative,  417                                              ^^^^| 

Anna,  fistula  of,  ,>lil 

Arthritis,  74U                                                           ^^^B 

Aphthous  stomatitis,  SOa 

^^^H 

^-  Aplasia,  detinition  of,  6H 

740                                                           ^^^H 

^K  Apoplexia  pulmouum  voacalaris,  449 

dry.  with  niceration,  741                                ^^^H 

■      serosa.  TUl 

741                                                     ^^^^1 

^ft  Apoplexy,  7!I3 

serous,  741                                                                ^^^B 

H  Appenilieitis,  ,>I3 

deforniuiis.  741                                                              ^M 

^^      catarrhal.  .>I4 

g(»iiorrheal,  655                                                             ^| 

Kanurenuus,  544 

gouty,  743                                                                      ^M 

intt-rstitml.  .M4 

neuropathic,  742                                                    ^^^H 

^L      necrotic,  .>14 

rheumatoid,  741                                                   ^^^^B 

H     pathologic  anatomy  of,  344 

senile,                                                                     ^^H 

H      recnrriug,  .MS 

Arthntpodia,  .128                                                      ^^^H 

^1     relapsinK,  ,>).'> 

Arthrospores,  198                                                    ^^^^H 

V     results  of.  .M5 

Ascaridcs  in  liver,  .577                                           ^^^^| 

Appendix,  K">7 

Ascaris  lumbricoides,  317,  567                            ^^^H 

Aciuednct  of  Sylvios,  767 

maratima,  318                                                       ^^^^| 

At|uoous  ftichsin  as  hacteria  stain,  888 

niystax,  318                                                            ^^^B 

Arachiiuid.  cereUral,  7.5(1 

Ascites.  589                                                                           ^B 

choli"«tctttoni«ta  of.  763 

chyliform,  590                                                       ^^^H 

edema  of,  7.'>6 

chylous,  500                                                          ^^^H 

endothelioma  of.  762 

Asphyxia,  23                                                            ^^^H 

hetiiorrhjiKes  into,  756 

Aspiration-pneumonia.  46.5.  468                           ^^^^| 

irttl.'iuiniation  of,  7i>7 

Asporogenons  races,  198                                        ^^^^| 

lipnni.ita  of,  7fi3 

Association-fibers  of  brain.  766                             ^^^^| 

syphilis  of,  7(fc2 

Asymmetric  karj-okiuesis,  122                             ^^^H 

teratomata  of,  743 

Atavism,                                                                    ^^^^| 

tviniors  of,  762 

Ataxia,  Friedreich's.  843                                        ^^M 

spinal,  822 

Atelectasis.  457                                                                 ^M 

inflanimation  of,  *J2 

congenital,  457                                                              ^t 

■         syphilis  of,  H2:) 

Atheroma  of  arteries  of  brain,  786                                ^| 

f          tuberculosis  of,  823 

Atheromatous  cyst  of  tcalicle.  710                                ^ 

Argyria,  88 

plate,  419 

Arnold  on  diapedesis,  52 

uU-*r,  419 

Arseair,  poisoning  hy„  27 

Atmospheric  pressure,  decr^^ased,  in  eti- 

Araeniuretted  hydrogen,    poisoning   by, 

ology  of  disease.  23 

30 

increased,  in  etiology  of  disease,  22 

Arterial  disorders,  eiTect  of,  ou  circula- 

Atonic dilatation  of  stomach,  530 

tion.  4-S 

Atrophic  cirrhosis  of  liver.  .568 

hemorrhage,  52 

sole^o^is  of  brain,  763 

hyperemia,  48 

Atrophy,  f!6 

Arterins.  415 

acute  yellow,  of  liver,  664 

amyloid  degeneration  of,  416 

brown.  (i7 

anatomic  considerations  of,  415 

of  heart.  404 

atrophy  of,  415 

definition  of.  66 

calcareous  infiltration  of,  416 

etiology  of.  ii« 

congenital  defects  of.  415 

mascular,  myopathic,  780                                  ^^^^ 

fatty  degeneration  of,  416 

neuropathic,  749                                               ^^^H 
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>>lh»ligfa  Biislaay  of.  «S 
|v«CieniTe  ipiiu)  aiiuetilar,  643 

AlllJBlil   KI<B»  Cf  Iieatt.  deftrta  of. 


AiMini1aiT«iitikai>r  oriAcca,  iteD«is  and 

atRsiaaC  380 
Aal»-ialaxialjaa,  dcflaitiivD  of,  19 
AtHamomtm  new-^rowlhit.  1^ 
.tTtan  toU-rtle  bafillus,  245 
Aii*-rTiJt)drrs  method   for  demouftTnt- 

inif.  J-TS 

anthracis.  "X^ 
mil  nM)lBlllni^  'Xi^ 
in  kidnrr.  04 
in  urine,  H49 
■tiplithf  Hr.  ±S 
cnltivation  ot  933 
(Jistribaiiftij  of.  ^1 
••I     fBpndndiphlbprtK,      dt^rentlal 

slnin.  -(^T 
rntiinmitifitT  of.  S90 
iciiriiidi"*.  t?C» 

Im-tb  arroK^ncs,  ^3 

raallf  i.  an 

nolcmatLi  ninlieni.  263 

of  hubnTiic  pijiiitsf ,  ^rrr 

of  Pticn'T  and  Fnita.  2S?4 

«>f  dT**ntprr,  547 

of  nializnant  cdt-iaa,  363 

nr«vT.hili*,  L'7H 
ntfet»naf,  W' 
t>f  taherculc«is.  244 
i-iiltnre  i>f,  il.j 


Bacillus  of   tutwrnilona, 
of,  -246 
diatiibutioD  of.  918 
ill  urine  (UB 

modes  of  iBfectiorn  tnr,  $47 
tnik-  t>it>|jerUt«  of.  IfflW 
pbte^iuuur^  cl]ijpb]r»f]iiatnriK, 
pBeumuuiir  of  FrikllasdcT,  2 
prat<rU3  in  artiic,  &t9 

PfogFDea  fotklaa,  1 
im«iiiia-,  ass 
trpbi  abdomliialla,  £33 
I  raltivatinn  of.  233 

dif^ribniiitij  i>f,  235 
iMibof  cnicity  of,  394 
Bar tr rill.  IM.~> 
«iiitfrv>hli%  fUltivatioD  of,  CM 
\t\  Dh»ir|itioD  of  oxjrfBO.  I 

l>V   I  XrlitHiiltl  of  OXJIfTB.  Mt 

ill  tluld  Qiedia.  t»-j 
i»  iiiVMUri-  of  hTdro«rn,  iW 
witli  Miltil  uj«^ta,  >*11 
rxhattnttoii  of  air  Id  cuItiTallM 

mi 

irrowt])  of  under  [landSit,  cOS 

Kiuloity  of.  awt 
rell-fonttn  t«  of,  IBT 
rrlJ-nictnhTaDi!  of,  lOB 
rhfjuistrj-  of,  800 
cliuiilicstion  oC  19G 
rat>dition<>  of  Ktowth  of,  SOO 
i^intmt^  »tai]is  for,  ticC 
definition  of.  1{M> 
4ififa^^  duK  to.  S18 

clu^-'iifirstioi)  of,  32 
effect  of  toiic  prodtictd  of.  205 
eicbolisiu  bj,  55 
eiitrsuee  of,  into  the  IkmJj'.  33 
fuDctioiin  and  iimlticts  of,  SOI 
ia  etiolof^  of  discasp.  31 
in  nrine.  (MS' 

ioiilatirisi  arid  identification  of,  886 
hwal  efffOts  of,  aCe 
niorpboltnti'  nf,  197 
orkidiitT.  (S« 

of  suppurutiotj,  L^nlmnce  of.  into  bo 
li:{ 
in  sniipuralivc  iiiflammatioD,  HrJ 
spores  of.  1!>8 
staining  of.  S^ 
lu  tiisnie,  staining  nf.  6%S 
Gbou's  metbod,  »■<< 
Grsm-WeiKert  nietluMl.  Wa 
tniic  pTwlnds  of,  effi-ct  of.  205 
poison  ing  by.  29 
BacteriactT,  IBT 
Bacterial  aRglnti  nation  tbtorj-  of  ioin 

nity,  210 
Barterinlogic  examination;.  ^~ 
by  cover-glam  pTeparatioiis.  mC> 
by  Fnltun>.  889 
tc-ciinitiuc.  H81 
ml  to  re-media.  881 
preparation  of  j^liM^  tubes,  ^I 
Bacteriolytic  theory  of  immunity,  SK* 
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Bacterioprutein,  113 

Blood,  fresh,  examination  of,  877 

Bucteriuiu,  IIC 

increu.se  oi   <|uai.tity  of,  effect  of,  on 

eoli  coiuiuuiK',  "its 

circulation,  in 

Utoio  iu  iiriiu-,  049 

iu  ehloronis,  A'AI 

Bacti-riuria,  <Hi) 

jn  leukemia,  353 

lUluiiitU.  TUO 

iu  progressive  [H'rnicious  anemia,  35S 

Biihiiitidium  coli,  397 

methixU  of  exaiuiuiug,  877 

iiiiuutiiui,  'Ji>^^ 

IKirasites  of,  3r>8 

Bull  tlirombi.  Wi,  3«J 

IHtthologic  chauges  in,  339 

Biuiic  smiu,  defiuiliuu  of,  333  (DOte). 

istaiuiug  of,  878 

Baaophiles,  332 

cosiii  and  hematoxylin  method  of. 

Bcduar's  aphtbte,  505 

878 

Beggiatoactie,  197 

•Icuuer's  metliml  nf,  878 

Berganiol  fur  clearing  spccimeDs,  868 

Bloud-agnr,  preparutiou  of,  884 

Bi-ri-bt-ri.  ara 

Bloud-i-a.sts,  630 

Bete-oxybutyric  acid,  excessive    forma- 

Blo<«l-cor)iu»cles, red,  330 

tion  of,  ill  body,  3<i,  ii 

ttltenUious  of  isotonicity  of,  338 

Biclilorid  of  mcrcurj-.  poisuiiinK  by,  26 

ameboid  movemeulu  of,  337 

Bile.  piKiuciitation-!  derived  from,  93 

ba.sic  ilegeuerution  of,  338 

Biliiiry  cirrhosia  of  liver,  570 

furuuition  of,  330 

ducts,  r>~^ 

nucleated,  3.'J7 

dilataciou  of,  .57!) 

liuthologic  chaugcii  in,  336 

in  flam  mat  iou   of,  S78.    See   Chalttn- 

pigmentation  of,  338 

ifiti*. 

shape  of,  337 

Stetliisiil  of,  .*>7!) 

»iro  of  xm 

tiiiiiur*  iif.  .V*I 

vacuolation  of,  338 

Bilirubin-infarcts    in    urinary    tubale*. 

white,  :t:U).     See  also  I.eHkocyte». 

»3 

BliM«l-frisi«.  :5,T7 

iu  urine,  658 

Blood-current,  alterations  in,  as  cause  of 

pigmentulion  by,  93 

tliTomlKtsis.  ^ 

Biliverdin  pijcmeittution,  93 

Blood-destruction.  KK) 

Biloctilar  heart,  :t7!l 

Blond-ffinuntion,  :KV) 

Biology  of  t>aoU-ria.  2<K) 

61i>iii)-|ilui|U<!S.  .'CtO,  33.? 

Biondi-FIeidcuhain  stain,  «i63 

Blr>oil-pta9mii.  3:Ij 

Bisniark-brown,  SflU 

Bloijil-iHiisous,  39 

Black-tongue,  307 

Blood-]ires,sure.    iucrea-^cd,    edema    and. 

Bladder.  ii:M 

03 

calculi  of,  (>42 

increB.se  of.  hciijiirrlmge  from,  .53 

carcinoma  of,  I5-I-I 

BloiMj-senini.  li<niid,  preparation  of,  883 

changed  of  position  of,  R18 

solid,  preparation  of.  S'sl 

circulatory  dist'irbanccs  of,  639 

Bloi)d-ves.<els,    diseases    of.    hemorrhage 

cysts  of,  ftl.5 

from,  r>;i 

^^^^_ 

dilaUtion  of,  (i.3S 

Boae,  anatomy  of,  721 

^^^^1 

exstrophy  of.  fEW 

angiiMua  of.  737 

^^^^1 

flbro-udenoma  of.  (Hi 

atrophy  of.  731 

^^^^1 

fibroma  of,  1541 

cart^inoma  of,  738 

,  ^H 

liemorrhaf;es  of.  li-'K) 

carii-s  of,  7:J3 

^H 

hyperemia  of.  K\'.> 

c.vsts  of  73H 

inHammatiou  of,  tK®.     Sw  Cg^Ht, 

development  of  723 

^^1^^ 

iiinlforniation.i  of,  638 

diseases  of,  731 

^^^^H 

luyoma  of.  IJ44 

disorders  of,  development  of,  722 

H 

myxoma  of  (144 

fibroma  of.  737 

■ 

papilloma  of.  6-13 

giaut  growth  of.  726 

polypoid  irrowths  of,  6>13 

hemorrhage  of.  737 

'V 

rupture  of,  039 

hyperemia  of,  737 

syphilitic  ulcers  of  641 

hypertrophy  of,  726 

tnberculosi«i  of.  Oil 

hy])oplasia  of,  731 

tumors  of.  ill.'S 

iiiliamnnttiou  of.  727 

"  Bleeders,"  .'54 

lepra  of  737 

Blooil,  anatomy  of.  lt:V) 

lipoma  of.  737 

changes   in    rharacter  of,  effect  of.  on 

myxoma  of  TXi 

circulation.  4rt 

necrosis  of.  733 

decrease  of  i|uantity  of,  effect  of.  on 

jKira-siti-s  of  73^ 

circulation.  48 

regenenition  of,  784 

diseasro  of,  X!0 

san-oma  of.  7.'t7 

^^^^1 

fixation  of,  H77 

syphilis  of  7.T<t 

^^^^1 

foreign  bodies  iu,  3!58 

thrombosis  of  737 

1 

1  i 
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Bone,  tnberculoBia  of,  734 

tumors  of,  737 
Bone-marrow,  375 

atrophy  of,  376 

fatty  infiltration  of,  375 

hypertrophy  of,  376 

inflammation  of,  376 

mucoid  degeneration  of,  375 

pigmentation  of,  375 
Boraz-carmin,  865 
Bothriocephslus  cordatud,  317 

cristatus,  317 

latus,  309,  316 

liguloides,  317 
Bouillon,  preparation  of,  883 
Bovine  tubercle  bacillus,  245 
Bow-legs,  739 
/l-oxybutyric  acid,   excessive  formation 

of,  in  body,  36,  42 
Brain,  abscess  of,  800 

actinomycosis  of,  807 

anatomy  of,  766 

anemia  of,  789 

arteries  of,  786.    See  Arteriet  of  brain. 

carcinoma  of,  809 

circulatory  disturbances  of,  788 

congenital  abnormalities  of,  770 

degeneration  of,  after  hemorrhage,  794 

development  of,  764 

diseases  of,  753 

edema  of,  790 
local,  791 

embolism  of,  795 

examination  of,  769 

fibroma  of,  809 

glioma  of,  807 

gummata  of,  806 

hyperemia  of,  789 

inflammation  of,  797.    See  also  Enceph- 
nliti*. 

injury  to.  7H8 

lacerated  wounds  of,  805 

lymphangioma  of,  809 

metho<l  of  hardening,  for  examination. 
769 

multiple  sclerosis  of.  803 

osteoma  of,  809 

physiology  of,  764,  768 

post-mortem   degenerative    conditions 
of,  773 

primary  vesicles  of,  764 

psammoma  of,  809 

pnnctiitc  wounds  of,  805 

ri'd  softening  of,  796 

sarcoma  of.  808 

sclerosis  of.  atrophic,  783 
(iimi.se.  782 
disseminated,  78.3 
Iivpertrophic,  784 
idbiir.  803 

syphilis  of.  ."06 

thrombosis  of.  70."> 

total  absence  of,  772 

tnbercniosis  of,  80<j 

tumors  of.  sn7 

white  softening  of.  796 

yellow  softening  of,  796 


Brain-sand,  820 
Bread-and-butter  plenrisy,  498 
Breast.     See  Mammary  gland. 

male,  abnormal  development  of,  715 
Bright'a  disease,  acute,  611 
Bromin,  poisoning  by,  26 
Bronchi,  anatomic  considerations.  443 

anemia  of,  443 

congenital  malformations  of,  443 

dilatation  of,  446 

foreign  bodies  in,  447 

hemorrhages  of,  443 

hyperemia  of,  443 

inflammations  of,  443 

parasites  of,  447 

stenosis  and  obstruction  of,  446 

syphilis  of,  447 

tuberculosis  of,  447 

tumors  of,  447 

ulcers  of,  446 
Bronchiectasis,  446 

atelectatic,  458 

cylindrical,  447 

fusiform,  447 

saccular,  447 
Bronchiolitis,  467 

exudativa,  446 
Bronchitis,  443 

acute  catarrhal,  444 

capillary,  467 

chronic  catarrhal,  445 

fetid,  444 

fibrinous,  445 
Bronchogenic  pneumonia,  complications 
in,  485 

purulent  pneumonia,  474 

tuberculosis  of  lungs.  477 
Bronchopneumonia,  catarrhal,  464 
etiology  of,  464 
pathogenesis  of,  467 
pathologic  physiology  of,  465 
pseudolobar  form  of,  467 
simple,  465 
Bronchorrhca,  444 
Brown  atrophy,  67 
of  heart,  404 

induration  from  hyperemia,  50 
Bubo,  369 

syphilitic,  281 
Bubonic  plague.  277 
bacillus  of,  277 
Buchner's  method  for  cnltivating  anae- 
robic bacteria.  891 
Bullous  emphysema  of  lungs,  455 
Burssp.  inflammation  of,  745 
Bursitis,  818 

CAfHECTic  leukocytosis.  :M5 
Cachexia  strnmipriva.  601 
(.'aloarcons  infiltration  of  arteries,  416 

of  spinal  pia,  822 
C'alricnsis.  88 
Calcification,  85 

diftercntiation  of,  from  ossification.  87 

etiology  of,  86 

of  choroid  plexus,  811 

of  kidnev,  627 
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CalrificatioD  of  Irruphatic  glands,  367 

Carcinoma  of  liver,  574 

^^M 

iif  uiuctMa  of  Htumjich,  529 

of  lungs,  4H4 

^^^^H 

of  mii.Hcles,  751 

of  lymplitttic  glands.  .')75 

^^^^M 

of  spleen ,  atH 

of  Uiamiuary  gland,  719 

^^^^H 

of  testicle,  703 

of  mouth,  510 

^^^^H 

of  thrombus,  63 

of  mu.sclB,  753 

^^^^^H 

of  veins,  -JSO 

of  ovary,  682 

^^^^H 

IHithologic  anatomy  of,  86 

of  pancreas,  587 

^^^^B 

physiology  of,  87 

of  |M:nis,  7U1 

^1 

seals'of,  m 

of  jjeritoneuni.  505 

^H 

Cili-ium  sjUts,  poisoning  by,  30 

of  prostate,  711 

^1 

tHileiili  in  blKcldi-r,  .>10 

of  spinal  cord,  849 

^1 

niulbiTry,  IH'2 

of  .ipleeu,  3*r> 

^1 

punt-Tt-atic,  588 

of  stomach,  .531 

^1 

phosphtttic,  «« 

of  suprarenal  bodies.  605 

^M 

ri.Mml.  (Ktj 

of  testicle,  708 

^H 

uric-iu-iil,  liia 

of  thyroid  glaud,  601 

^^ 

urinary,  (Hi 

of  urethra,  6.57 

^H 

Culculiis'in  pelvis  of  kidney,  635 

of  uterus,  67:1 

^^ 

Callnt,  7i") 

of  vagina,  603 

^H 

intermediary,  7'26 

of  volva,  700 

^H 

myelogeuous.  "iio 

panuitea  of,  304 

^^^^B 

periosteiil,  725 

pathologic  physiology  of,  184 

^^^^M 

Calomel,  poi-umiuK  by.  28 

scirrhous,  18<! 

^^^^^M 

Cuuuda  balsiiuj  lor  taouuting  speclcaena, 

seats  of,  180 

^^^^H 

M(S» 

secondary,  575 

^^^^H 

Canalisation  of  a  tliromlms.  li'i 

simple,  18*5 

^^^^H 

Cancer,  176.     .Sec  Cnrciuoma. 

structure  of,  IHO 

^^^^H 

cirrhotic,  of  liver.  .574 

theories  us  to  caases  of,  177 

^^^^1 

colloid.  188 

varieties  of.  184 

^^^^^1 

dilfuHo  hepatic,  574 

Careinomatosis,  general,  180 

^^^^1 

endothelial,  lt!3 

Cureinoraatons  cyliudroma,  189 

^^^^H 

of  stomach,  531 

Cardioliths,  62 

^^^^M 

stains  for,  H7TJ 

Oftrie-f  of  hone,  732 

^^^^1 

C^ntharidii],  (loisoninu  by,  36 

of  teeth,  511 

^^^^^ 

Ciipithiry  bronchitis,  467 

Cttrniflcatiuu  of  hing-tissne,  458 

^^^H 

lictnorrlmae,  .Vi 

Caseation.  98 

^^^H 

C«|wiili'  .if  bacteria,  199 

of  testiele,  703 

^H 

"taiiiiiiK  of,  887 

Casts,  bloml-.  621 

^^^H 

CarbohTdrat<;>s,    disposition    of,    by    the 

cellular.  621 

^^^^1 

"  body,  m 

crvstnlline,  621 

^^^^M 

\'aluo  of.  in  nutrition,  33 

fatty,  6*2 

^^^^H 

Carbolated  thioniii,  8*;8 

granular,  621 

^^^^M 

Carbol-xylol  for  clearing  specimens,  808 

hyaline,  620 

^^^^M 

Carhidic  acid,  poison  ing  by,  26 

in  urine  in  nephritis,  620 

^^^^H 

(.'arbon-inonoxid  poisoning,  20 

leukocvtit.  621 

^^^^H 

CarWnates  in  urine.  6.32 

waxy.  621 

^^^^H 

Carbonic  acid  in  bliHid,  effect  of,  48 

Catarrh,  acute  na.Hai.  4.36 

^^^^M 

gas,  poiwjning  by,  .W 

niucnpiirulcni.  116 

^^^^H 

Carbuncle,  115 

Catarrhal  apiH-ndicitis,  .544 

^H 

Carcinoma,  176 

bronchopnentnonia,  464.    See  Broncho-                  ^| 

animal  [wirasitea  in,  304 

Itttfumt/nia. 

^ 

aplH-anuice  of.  178 

dyR<;ntery.  .547 

definition  of,  176 

enteritis,  .511 

. 

^L     degenerative  changes  in,  182 

esophagitis.  519 

^P     etiologvof,  176 

J  an  nd  ice.  .5'<2 

^      glauilular,  186 

phiiryugitis,  .512 

medullary.  186 

[OH-uin^inia,  4f{-i 

nature  of.  ISJ 

baeUria  of,  228 

H      of  bladder,  644 

stomatitis,  .504 

^M      of  Imno.  738 

tonsillitis.  .514 

^B      of  dura  mater.  7.55 

Cattle.  Texjis-fever  of.  .302 

^H      of  esopbagus,  .5'il 

Caustic  ninntnnia,  jioisoniiig  by, 

2S 

^a      of  Fallopian  tubes,  689 

potash,  poisoning  by,  26 

^^^^ 

^H      of  intestines,  5oo 

80<la,  poisoning  by,  26 

^^^^M 

■     of  kidney.  631 

Cnnstics,  action  of,  26 

^^^^M 

^M     of  larynx,  441 

Oivemoma,  146 

1 
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Cavernoma  lymphaticom,  145 
Caveruous  bodies  of  peuis,  inflammation 

of,  701 
Cavities,  tuberculous,  483 
Cecitia,  543 

Cecum,  inflammation  of,  543 
Cedar  oil  for  clearing  specimena,  868 
Cell-cou teats  of  bacteria,  197 
Cell-division,  abnormal,  102,  122 
Cell-membrane  of  bacteria,  198 
Cell-multiplication,  122 
Cell-nuclei,  degenerations  of,  102 
Cells,  edema  of,  85 

plasma-,  108 
Celloidin  blocks,  cutting  of,  864 
serial  sections  of,  864 
method  of  embedding,  863 
Cellular  and  attraction  theory  of  inflam- 
mation, 103 
casts,  621 

necrosis,  etiology  of,  102 
general  pathology  of,  102 
Central  nervous  system,  injuries  of,  806 
Cephalohematoma,  727 

internal,  753 
Cercomonas  coli  hominis,  296 

iutestiualis,  295 
Cerebellum,  anatomy  of^  767 

hypoplasia  of,  772 
Cerebral   ai-teries,  786.    See  Arterie*  of 
brain. 
hemispheres,  hypoplasia  of,  771 
hemorrhage,  791 
degeneration  after,  794 
massive,  791 
punctate,  791 
vesicles,  primary,  764 
Ccrcbrosiiinal  fluid,  810 
diseases  of,  811 
hyiHjrsocrction  of,  811 
meningitis,  opidomic,  759 
Cervix   ntvri,   clironic   endometritis   of, 
666 
hypertrophy  of,  670 
phagedenic  ulceration  of,  666 
sarcoma  of,  673 
Ccstodes,  308 
Chalicosia,  473 
Chancre,  280,  282 

soft,  284 
Chancroid,  284 
of  vulva,  699 
Oharcot-Neumann  crystals  of  the  blood, 

356 
Cheesy  pneumonia,  469 
Chemical  conditions,  effect  of,  on  growth 

of  bacteria.  201 
Chemotaxis,  negative,  107 

positive,  106 
Cliilblain,  22 

Chlamydobaotcriacoa-,  197 
Chlorin,  poisoning  b.v,  26 
Cliloroform,  poisoning  by,  30 
Chloroma.  162,  738 
Chlorosis,  34!) 
Cholangitis.  578 
chronic,  579 


Cholangitis,  results  of,  579 

suppurative,  579 
Cholecystitis,  579 
Cholelithiasis,  580 
Cholera,  240,  548 
bacillus  of,  240.    See  SpirUlHm  dtolenc 

Atiatiete. 
etiology  of,  240 
pathologic  physiology  of.  242 
spirillum,   240.    See  ^rillum  duitrm 
Anaticm. 
Cholerase,  210 
Cholesteatoma,  194 

of  pia  and  arachnoid,  763 
Cholesterin,  examination  of,  871 
in  fatty  degeneration,  74 

infiltration,  71 
in  urine,  652 
Cholnria,  646 

Chondrocarcinoma  of  testicle,  709 
Chondroma,  140 
appearance  of,  140 
definition  of,  140 
etiology  of,  140 
nature  of,  142 
of  lung,  492 

of  mammary  gland,  719 
of  mouth,  510 
of  muscles,  752 
of  ovary,  679 
of  pleura,  501 
of  testicle,  719 
seats  of,  141 
structure  of,  141 
Chorion,  693 
Choroid  plexus,  810 

amyloid  degeneration  of,  812 
calcification  of,  811 
cysts  of,  812 
endotheliomata  of,  812 
epitheliomata  of,  812 
fibroma  of.  812 
hemorrhage  into,  811 
inflammation  of,  811 
pigmentation  of,  812 
tuberculosis  of,  811 
tumors  of,  612 
Chromatcs  for  fixing  and  hardening.  859 
Chromic  acid  for  fixing  and  hardening, 
&'>9 
for  teasing,  857 
Chromogenesis,  2(6 
Chromoparic  bacteria,  205 
Chromophilic  bodies  of  nerve-cell,  774 
Chromophoric  bacteria.  235 
Chronic  inflammation,  115 

relapsing  fever,  1.50 
Chyliform  ascites,  590 
Chylous  ascites.  .590 

hvdropericardium,  410 
ChyUiria.  11.5.  649 
Cicatrices  fistulcuse,  4a5 
Circulation  of  blood,  disturbances  of,  47 
Circulatory  disturbances,  360 
]>hennmena,  post-mortem,  102 
system,  diseases  of,  378 
Circumscribed  tumors,  130 
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Cirrboaia,  atrophic,  568 

Concuasioii  of  central  nervoas  system,  806 

biliary,  57tl 

Condensing  ostitis,  730 

hypertropliic,  Mil 
Laoaaec'i,  MH 

Condyloma  acumioatum  of  pcuia,  701 

latum,  281,  283 

of  llTor,  oU7 

Congenital  cyauoais,  380 

of  paucrcoH.  585 

cystic  hygroma,  145 

Cirrhotic  cancer  of  liver,  574 

rickets,  724 

Cirsoid  Hiicurysm,  425 

syphilis,  2W3 

Claaothrix.  IHT 

theory  of  carcinoma,  176 

Clap-thrwida,  li.Vj 

Congestion,  by]HMttttic,  47 

Cluustriini,  7ii7 

Conglutination  of  liliiod-plaques,  60 

CIrft  paUte,  Sua 

Couucetive    tissue,  lilprous,  regenuratiou 

Clitoris,  elephuiitinsis  of,  603 

of.  123 

Cloudy  swclliiiK.  tW 

regeneratiou  of,  124 

di'linitioii  of,  Ot) 

Contagions  distiaae,  definition  of,  32 

etioluKy  of,  08 

ContaKiiiiii  vivuui,  .'!1 

of  h.urt,  AH 

Uor  bovinum,  400 

of  kidney,  fi25 

villutiUiu,  411 

of  liver,  r>(i:i 

Cord,  ttpinal.     Si'c  .Sjiinn/  corrf. 

puthologii-  anatomy  of,  09 

miiliiliuil.     See  I'lHhilieal  eorii. 

phvaiolofjy  of,  8U 

Corniitin,  2H 

scats  of,  tSI) 

C«ri>nary  artery,  embolism  of,  383 

Clabbiii);  orihiKer-eudg,  381 

thrombosis  of,  Ssii 

Cor|>i>rti  luiiylui-eii,  cxamiuatioD  of,  872 

Coafculatiou-uccrosis,  95 

quadrigeiniiin,  7(t7 

duflnitiou  of,  95 

Corpus  cailosum,  congenital  absence  of, 

etiology  of,  95 

771 

morbid  physiology  of,  97 

filinisum,  R73 

of  muscle,  751 

luteuru.  1)78 

pathologic  anaton)y  of,  06 

Corpuscles  of  Hassall,  377 

Coal-dost  pigmvntution,  HH 

Corrosive  chlurid  of  mercury,  poiaoning 

IVml-tnr  derivativi-s,  poisouing  by,  30 

by,  28 

CoccaCMB,  197 

poisons,  25 

C(M:cidium  oviformv,  30'^ 

Coryza,  4.W 

pvrfornns,  3<U 

Cover-glass  preparations,  885 

Coccus,  190 

Cowi)er's  glands.  714 

Coffpr-ground  vomit,  523 

Craiiioschisi.s.  770                                                       ^^^^ 

Cohnhuim'H  theory  as  to  origin  of  carci- 

Craniotabcs,  723                                                       ^^^H 

mnim,  177 

{'renothrix.  107                                                        ^^^1 

of  tuuiorfl,  12H 

<'retinism,  fi02                                                           ^^^H 

CVild  aliscess  of  join!*,  7'14 

Croton  oil.  poiiioning  by,  26                                          ^H 

in  etiology  of  dwejiso,  a2 

Croupous  enteritis,  542                                            ^^^B 

Colitis,  5.J6 

laryngitis.  440                                                       ^^^B 

mucous,  546 

pneuntiiiiia,  225,  459.     Sec   also  Pittu-           ^^^H 

Collateral  anemia,  51 

^^^^H 

hyperemia,  50 

Cmra  cerebri,  767                                                    ^^^H 

'of  lungs,  449 

Crusta.                                                                       ^^^H 

Colloid  cancer,  1^ 

Cryptogenic  acid-intoxication,  36                              ^H 

of  stomach,  534 

Cryptori-hismiis,  7<>i                                                        ^M 

cystomata  of  ovaries.  fr79 

Crv.Htaliini-  ea-sts.  621 

degeneration,  *J.     See  Dmieneration. 

Cnlex,  :hH 

of  arteries  of  hrnin,  7M7 

Culture,  examination  of.  889 

of  pituitary  bo<ly,  818 

stroke  on  agar  plates.  889 

goiter.  509 

Culture-media,  881 

Colon,  inflammation  of.  540 

litiuid.  preparation  of,  883 

Colpitis.  092 

preserviitifni  i>f,  H85 

Combined  sclerosis  of  spinal  cord,  845 

solid,  jirepamtion  of,  883 

Comma-bitcilhis,  240 

standardization  of.  882 

Comminut4'd  fracture,  724 

sterilization  of,  882 

('ommi.wiiral  flWrs  of  brain.  766 

storage  of.  882 

Conipoiitid  fnicturc,  724 

Corrant-jelly  clots,  :»«2 

granule-cell,  023 

Cnrschmann's  spirals,  446 

Cimcentric  hyiwrtrophy  rif  heart,  406 

Cutaneous  absuri'tion,  pigmentation  by, 

Concretions  lieneath  prepuce,  702 

89 

in  prostata.  711 

CyBDogen-poisoning,  29 

In  seminal  vesicles.  715 

Cyanosis.  .V) 

in  nriniferous  tubules,  628 

congenital,  .380 
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Cyanotic  induration  of  liver,  650 
of  lunga,  451 
of  spleen,  360 
Cyclencephaly,  771 
Cylindrical  anearysm,  425 

bronchiectasis,  447 

cancer  of  stomach,  534 

epithelioma,  185 
Cylindro-adenoma,  176 
Cylindroids,  622 
Cylindroma,  158,  176 

carcinomatous,  169 
Cyst-adenoma,  176 

of  liver,  576 
Cysticerct  of  tape-worm,  309 

racemose,  310 
Cysticorcus  cellulasse,  577 
C^stin  in  urine,  652 
Cystitis,  639 

mucopurulent,  640 

phlegmonous,  640 

pseudomembranous,  641 
Cysto-adenoma  of  ovariee,  679 
Cystocele,  660 

vaginal,  691 
Cystoids,  190 

Cystoma  of  ovary,  colloid,  679 
glandular,  679 
myxoid,  679 
papillary,  680 
Cystomata.    Same  as  EpHhelial  eytU,  191 
Cysts,  190 

classification  of,  190 

dermoid,  194 

due  to  foreign  bodies,  191 

epithelial,  191 

of  alveolar  processes  of  jaw,  511 

of  bladder,  645 

of  boue.  738 

of  choroid  plexus,  812 

of  dura,  755 

of  Fallopian  tube,  689 

of  kidney,  631 

of  Kobelt,  683 

of  liver,  556 

of  lungs,  495 

of  mammary  gland,  721 

of  mouth,  510 

of  pancreas,  587 

of  parovarium,  682 

of  penis,  701 

of  pituitary  body,  819 

of  prostate,  714 

of  scrotum.  701 

of  spinal  cord,  849 

of  spleen,  365 

of  testicle,  709 

of  urethra,  657 

of  uterus,  676 

of  vagina.  693 

of  vulva.  700 

proliferation-,  191 

retention-,  191 

Rofteniug-,  191 

tubo-ovarian.  089 
Cj-toly.sin,  218 
Cytorcytes  variolie  seu  vaccinae,  307 


Dauohter-stabs,  128 
Decalcification,  860 

fluids  for,  861 
Decalcifying  fluids,  861 
Decidua,  693 
hemorrhage  from,  695 
hyperplasia  of,  696 
inflammation  of,  695 
reflexa,  694 
serotina,  694 
vera,  693 
Degeneration,  amyloid,  75 

definition  of,  75 

etiology  of,  75 

local  formations  of,  77 

microscopic  appearances  of,  76 

of  arteries,  416 

of  heart,  393 

of  intestines,  539 

of  kidney,  627 

of  liver,  565 

of  muscles,  750 

of  pancreas,  584 

of  pituitary  body,  818 

of  spleen,  364 

of  submucosa  of  stomach,  S89 

of  suprarenal  bodies,  603 

of  uterus,  670 

pathologic  anatomy  of,  75 
physiology  of,  77 

reactions  for,  77 

seats  of,  77 
basic,  338 
colloid,  83 

definition  of,  83 

etiology  of,  83 

of  arteries  of  brain,  787 

of  pituitary  body,  818 

pathologic  anatomy  of,  83 
physiology  of,  84 
defined,  68 
fatty,  72 

definition  of,  72 

etiology  of,  72 

microscopic  appearances  of,  74 

of  arteries,  416 

of  gastric  glands,  528 

of  heart,  394 

of  kidney.  626 

of  liver,  563 

of  muscles,  751 

of  prostate,  711 

of  suprarenal  bodies,  003 

of  testicle,  703 

of  uterus,  670 

of  veins,  430 

pathologic  anatomy  of,  73 
physiology  of,  73 

seats  of,  74 
hyaline,  78 

definition  of.  78 

etiology  of,  79 

of  arteries,  416 
of  brain.  786 

of  heart,  393 

of  muscles,  751 

pathologic  anatomy  of,  78 
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Dagenvratioii,  hvaline,  pkthologic  physi- 

Diphtheria, bacillus  of,  2:39                                  ^^fl 

ology  of,  so 

of                                                                            ^^^H 

scats  of,  •« 

of  pharvnx,  .'>10                                                  ^^^H 

mucoid,  dO 

^^H 

definitiou  of.  80 

piitholoKic  anatomy  of,  331                              ^^^H 

etioloKjr  of,  >i\ 

pbysiidoKy  of,  232                                           ^^^H 

microscopic  appvanncea  of,  81 

^^H 

iiathnliigic  anatomjr,  81 

Diphtheria-bacilli.  non-|iathogeuic,  230             ^^^H 

lilijrsiology  of,  83 

Diphtheritic  dyMMitery,  547                                    ^^^H 

m'ttt.s  of,  M-> 

endocarditis  3Vi,  380                                         ^^^H 

myxoiiiatoiu,  of  mammary  gland,  717 

iiirtammution.  112                                               ^^^H 

of  t*?slielc,  703 

440                                                     ^^^H 

pnrciichviiitttous,  t)8 

membrane,  structure  of,  113                            ^^^H 

of  liriiit,  :r« 

rliinitis,  437                                                         ^^^H 

of  kid  lie  V,  «Jo 

MilpinKicis,  O'^O                                                    ^^^H 

of  liver,  M3 

DiplociK'CUH  iiilMicellithtri!!  meiiingitidis                  V 

of  muiiclM,  Xn 

in  leplonjtiiiiigiti*,  757                                     1 

of  pancreas.  584 

pneuuioniie,  22.j                                                            fl 

DeKi'iicratimis.  (i8 

iu   di.sea.tea  utbur  than  puoumunia,                  H 

of  red  i-ur|iii.«cles.  demonstnitiou  of,  879 

22«                                                                            M 

DeKliititiuii-piivumoiiia, -itio 

Direct  heredity.  18                                                ^^H 

DrlatieM's  homatoxyliu,  8«5 

Disease,  causes  of,  18                                             ^^^H 

Dvlt<t-j;ruiiul(^,  333 

determiniu);.  19                                               ^^^H 

Dfiidritic  tiiniijrs,  130 

prediiiuisih)*,  18                                               ^^^H 

IX-ui'tke,  spirillum  tTrogeuicum  of,  243 

definition  uf,  17                                                       ^^^H 

Dfiitul  u!ttf»iuu,  U4 

etiology  of.  18                                                               ■ 

Dermatomyimitiii,  7-48 

IHtndemic,  32                                                                  ■ 

Dermoid  cysts,  l!t4 

Disorders  of  nutrition  and  metabolism,                   ■ 

of  choroid  i>lexu9,  813 

33                                                                         ■ 

of  ovary,  ft-<l 

Disae<cting  anenrysni.  421.  427                                      H 

(if  testicle.  710 

Disseminated  sclerosis  of  bruin,  783                            H 

Destructive  rwlciioiii.i.  \'T> 

Distuuia  coiijunctum,  .328                                              H 

Detcmiiiiiiiir;  •atiM-s  of  disease,  19 

cnLSSiiiu.  32H 

Deztriiiiiriit,  'il'i 

hRmatobitim,  .'J2«,  577 

Dexlroeartiia.  37!) 

in  kidney.  034 

«-lfranulcs.  331? 

hepiiticuni.  320,  .577 

DiaWte  bronz^.  4.3.  90 

heterophyes,  328 

Diabclct,  41 

lanceolatnm,  :I20,  ."iT? 

etiolojry  of,  41 

opthalmohinni.  328 

from  puncture  of  medulla,  41 

pnlruonale,  327 

metabolism  in.  4'i 

puluii>nuni,  447 

(latliojrenejtis  of,  4f> 

siuese,  328 

pathologic  ADatoiiiy  of,  42 

Diatiirlmnccs  of  circulation  of  blood,  47 

phosplmticiis  II 

Diverticula  of  intestines,  535 

Diacetic  acid,  excessive  fonnfttioii  of,  in 

Divcrticnliim,  Meckel's,  535 

body,  30.  4-.' 

l)i>chn)ius  diiiidinuilis.  320 

Diaceturia,  l>4<> 

Dracnncnins  niedinensis,  323 

Uiapedesisofrcil  blood  eorpuscles,  52, 108 

Dropsical  infiltrrUiou.  8.5.  See /n.lfMratioa. 

ill  inflammHtioii,  los 

of  liver,  .VJo 

Diapbrugiuatic  heriiiu,  ,'>29 

Dropsy  rri>tji  iii'iihritis,  624 

DiiLttHtic  fiTmenlH.  -iili 

of  jiall-blndder,  580 

Kiiwttematomyelia,  H-.'O 

of  joints,  740 

Dichotomy  of  bacteria.  199 

of  [lerituneuni.  .589 

Difl^i-w  nephritis.  ISIO 

Dry  Eangrene.  UK) 

acute,  012 

pericarditis.  410 

sclerosis  of  brain.  782 

Dacrey.  bacillus  of.  284 

DilTusion,  escape  of  fluid  bv,  63 

DactUH  arteriosus  Itntalli,  37!) 

Dilatation  of  bladder.  038  ' 

Botalli.  (wlnlous,  380 

of  Fallopian  tulies,  684 

Dunham's    mixture   for  clesriug  speci- 

■        of  heart.  40") 

mens,  H(t8 

I        of  intestiiie.t.  ISS.^ 

peptone  solution,  preparation  of,  883 

K       of  stomach,  .VJjl 

Dncxieiiitis.  .>13 

■           atonic.  5.30 

Duodenum,  inllammutiou  of,  M3 

f       of  ureter.  034 

Dura  muter,  7.5.3 

of  uterus,  IWI 

angiosarcoma  of,  7.55 

Diphtheria,  22!' 

carciaoma  of,  755 

_        antitoxin  of,  232 

cysts  of,  755 
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Daro  mater,  flbroms  of,  755 
gliusareonia  of,  755 
hemorrhttges  of,  733 
h^'pervmia  of,  753 
innammation  of,  753 
spiual,  830 
fatty  infiltration  of,  820 
fibroma  of,  8-^ 
liemorrhage  into,  821 
lipoma  of,  822 
myxoma  of,  822 
sarcoma  of,  822 
syphilis  of,  821 
tubt-rculogis  of,  821 
tumors  of,  821 
syphilis  of,  754 
tuberculosis  of,  754 
tumors  of,  755 
Dust-cells,  471 
Dast-corpuscles,  337 
Dust-embolism,  58 
Dwarf  tapo-worm,  312 
Dysentery,  547 
bacillus  of,  547 
catarrhal,  547 
diphtheritic.  547 
gangrenous,  548 
ulcerative,  547 
Dysmenorrhcea  membranacea,  662 
Dyspepsia,  525 

E^-EXTBIC  hypertrophy  of  heart,  406 
Eccbondromata,  140 
Eccbondroses,  141 
Ecchymosis,  definition  of,54 
Echinococcas  cyst,  314 
of  kidney,  6,T4 
of  liirynx,  442 
of  liver.  ."^T? 
of  peritoneum,  596 
of  testicle.  710 
of  thyroid  ^land,  601 

endogenes,  31."> 

hydatidosus.  315 

nniltilooularis,  315 

srolicipariens.  314 
Echinorrhynchus  gigas.  325 
Ectatic  aneurysm.  424 
Ectogenous  teratoma.  193 
Ectoplasm  of  bacteria,  198 
Edciiin,  angioneurotic.  (i5 

chanicter  of  the  liquid  in,  65 

deKnition  of.  ••2 

etiology  of,  62 

from  nephritis,  624 

infliimmatory,  64 

malignant.  263.    See  Malignant  edema. 

of  brain.  790 
local.  T!»l 

of  cells,  S.') 

of  intestines,  .540 

of  kidney,  608 

of  larynx,  438 

of  lungs.  4.")1 

of  nassil  cavities,  436 

of  nerves.  KTO 

of  jiharyux,  512 


Edema  of  pia  and  arachnoid,  756 

pathologic  anatomy  of,  65 

results  of,  65 
Edematous  inflammation,  112 

laryngitis,  439 
•-granules,  333 
Ehrlich's  acid  hematoxylin,  866 

classification  of  leukocytes,  331 

side-chain  theory  of  immunity,  21^ 

triple  stain,  356 
Eimeria  hominis,  304 
Elastic  tissue,  examination  of.  870 
Cnna's  method,  870 
Weigert's  method.  870 
Electrical  currents,  effects  of,  on  h 
ria,200 

influences  in  etiology  of  disease.  2' 
Elephantiasis  congenita  mollis,  145 

as  form  of  filariasis,  324 

Grsecorum,  258.    See  Leprotf. 

labile  of  clitoris,  693 

of  scrotum,  701 

phlebectatic,  432 

vulvu,  699 
Embedding,  861 

celloidin  method,  863 

paraffin  method,  861 
rapid,  862 
slow,  861 
Emboli,  55 

sources  and  natare  of,  53 
Embolism,  55 

air-,  58 

dust-,  58 

fat-,  58 

infectious,  57 

of  brain,  795 

of  coronary  artery,  384 

of  intestines,  540 

of  kidney,  609 

of  liver,  560 

of  lungs,  453 

of  muscles,  746 

of  spermatic  artery,  703 

of  spleen,  360 

paradoxic,  55 

results  of.  56 

retrograde.  55 

seats  of,  55 
Embryonic  rests,  128 
Emigration  of  leukocyte,s  of  blood.  5 
Emigration-theory  of  inflammation. 
Emphysema,  infectious,  267 

of  liinps.  453 
bullous,  45.T 
interstitial,  452 
senile,  456 
substantial,  454 
vesicular,  454 
vicarious,  454 
Empyema.  4!<9 

of  gall-bladder,  .579 
Emulsifying  ferments,  202 
Encephalitis,  797 

acute  parenchymatous,  798 

chronic.  803 

primary  acute  hemorrhagic.  801 
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EiicvpliiilitiH,  simple  acute  focal,  798 

Enzym*<s,  202 

suppurative,  SOI) 

Eosinophile  granules,  333 

EiiotpUalocfk',  770 

Eiisinophiles,  332 

Eni>plml(iiii«ltti-iii,  795 

Epr'tidyniitis,  811 

Eull-ttrtcric*   of    ColiuUeim,    thromhoaia 

Epidemics  cerebrospinal  meningitis. 

750 

of,  r»7 

disease,  deBuition  of,  :I2 

Eodiirteritiii,  417 

Epididymis,  influminatiou  of,  703 

cbninica  dt-rnrmaus,  419 

tuberculosis  of,  70h' 

oblitorans,  rjl 

Epididvniitis,  6.55,  703 

of  cercliral  t>loud-ve«««U,  831 

a<nu>,  7i>4 

Endemic  discatie,  definitiou  of,  32 

Epiphvais  cerebri,  B20 

Eiid.icarditis,  :J84 

Epispadias,  71)0 

m-nte,  :JH4 

Epixlaxis,  .M,  43(1 

etiology  of,  384 

Epithelial  cysts,  191 

lesjoua  in  other  organa  in,  388 

piTles,  185 

pathologic  nnutomy  of,  385 

Epithelioma,  181 

'     resultii  of,  :W7 

contagiosnm,    animal     parasites 

in, 

channel  in  other  organs  iu,  300 

:«« 

chnmii:,  3.vt 

cylindrical,  185 

etiology  of,  388 

of  choroid  plexus,  812 

parholngic  anatomy  of,  388 

of  penis,  701 

diphtheritic.  3ai.  :W«J 

of  scrotum,  701 

maliKnaiit,  :i85,  3«6 

of  thymus  glaud,  377 

micro-orgauisma  of,  384 

squamous,  184 

mural,  3m4 

Epulis,  lii2,  511 

mycotic,  385,  386 

Equatorial  spr)res,  1B6 

pulhulogic  phvgiology  of,  390 

Ergot,  polwiniug  by,  28 

septic.  .'i85,  3i6 

Erj-throblasts,  335 

ulcerative,  3<"j,  386 

Erythrocytes,  ;J30 

verrucose,  ;irt5,  386 

Erj'lhrocytosis,  343 

Endocardiom,  378 

Escharoties,  action  of.  -^i 

diseaaea  of,  SSI 

Eamarch  method  of  cultivating  anoerobio                         | 

inflammation  of,  384 

bacteria.  k91 

Endogenic  Dcarnns,  768 

Eaopbagitis.  catarrlml.  511) 

Endogenous  teratoma,  193 

phlegmonous,  5'iii 

Endometritii,  (»!.'( 

jisciidiinn'inbrauons,  .519 

acute  catarrhal,  6(i3 

ulcerative,  52t) 

chronic,  tHU 

Esophagus,  anemia  of,  519 

of  cervix,  »i86 

carcinoma  of,  521 

decidual ia,  695 

circnintory  disturbances  of,  519 

exfoliativa,  tXH 

congenital  defects  of,  519 

glandularis,  ii«>4 

dilatation  of.  .52<l 

inier^titiali!),  (KH 

divertienia  of.  .520 

^^^^1 

Eniloplosm  of  bacteria,  108 

iufluiuiiuition  of.  5IR 

^^^^^ 

Eiidiispiires.  IDS 

paasivc  congestion  of.  519 

^^^^1 

EndosiMtriiiiii.  lt>8 

pi^rforation  and  rupture  of,  .531 

^^^^H 

Endothelial  cancer,  1H3 

stenosis  of,  520 

^^^^^1 

Endothelioma.  Hi.l.  431 

syphilis  of,  ,521 

^^^^H 

of  anu-'huoid  and  pia,  782 

thrash  of,  .521 

^^^^H 

of  clioYoid  plexus,  SX'i 

tnberculosis  of.  .521 

^^^^B 

of  lungs,  193 

tumors  of.  .521 

^H 

of  pleura.  ."i02 

typhoid  ulceration  of,  .521 

^B 

Enteritis.  .541 

EHtivn-auluninal  fever,  parasite  of,  '. 
Etat  criblo,  797 

100 

catarrhal,  .541 

chronic,  .542 

ai'gmentaire.  3!lfl 

croupous,  .542 

Ether,  [joisoning  by,  30 

etiology  of,  .541 

Etiology,  definition  of,  17 

follicular.  .511 

of  disease.  18 

inithologic  anatomy  of,  541 

Eustrongylns  gigas,  .'{25 

physiology  of,  .543 

Examination   of  fresh   tissue,  8S7. 

8m 

jseiidomembmnous,  542 

Ti'me. 

suppurative,  542 

Exfoliative  vaginitis,  692 

Enterocystoma.  iVl5 

Exogenic  neurons.  7li8 

Enterogenic  albumosuria,  647 

Exosporium,  198 

Enteroliths.  .5.58 

Exostoses,  14.3,  737 

^^^^M 

Euteromycosis,  .5.53 

Experimental  acid-intoxicatioD,  36 

I^^^H 

Eutcrorrhagia,  54 

glycosuria,  40 

I 
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Exposure  to  geuenkl  hi{[h  temperatnre, 

effect*  of,  21 
Exstrophy  of  bladder,  638 
External  heruia,  536 
Extra-uterine  pregnancy,  689 
Exudation  of  liquids,  108 

Facultative  aerobes,  200 

saprophytes  and  parasites,  200 
Fallopian  tubes,  683 

anatomy  of,  683 

carcinoma  of,  689 

congenital  abnormalities  of,  683 

cysts  of,  689 

dilatation  of,  684 

displacement  of,  683 

fibromata  of.  688 

fibromyomatik  of,  688 

hematoma  of,  684 

hemorrhages  of,  684 

hyperemia  of,  684 

inflammation  of,  685.  See  BalpittfpHi. 

lipoma  of,  688 

papillomatous  elevations  of,  688 

sarcoma  of,  689 

stenosis  of,  684 

syncytioma  malignum  of,  689 

syphilis  of,  688 

tuberculosis  of,  667 

tumors  of,  688 
False  cronp,  439 
neuroma,  167 
Fat  in  fatty  infiltration,  staining  of,  71 
of  body,  origin  of,  34 
of  pancreas,  584 
tissue,  examination  of,  87 
Fat-crystals  in  urine,  652 
Fat-enibolism,  58 
Fat-necrosis,  99 
Fat-splitting  ferments,  202 
Fat«,  value  of,  in  nutrition,  33 
Fatty  acids,  origin  of.  36 
casts,  622 

contracting  kidney.  615 
degeneration,  72.    See  Degeneration. 

of  arteries,  416 

of  gastric  glands,  528 

of  heart,  394 

of  kidnev,  626 

of  liver,  mZ 

of  muscle,  751 

of  prostate,  711 

of  suprarenal  bodies,  603 

of  testicle,  703 

of  uterus.  670 

of  veins,  430 
infiltration,  70 

definition  of.  70 

etiology  of.  70 

of  bone-marrow.  375 

of  dura  mater  of  cord,  820 

of  heart.  .SWi 

of  kidney,  ()27 

of  liver,  Ty(Vl 

of  niaiuniary  glands,  717 

of  muscles,  751 

pathologic  anatomy  of.  71 


Fatty  infiltration,  pathologic  physiology 
of,  71 
seats  of,  71 
Febris  nndulans,  292 
Femoral  hernia,  5.36 
Fermentation,  202 

thrombosis,  59 
ferment  theory  of  immunity,  210 
Ferments,  coagnlating,  202 

diastatic,  202 

effects  of,  202 

emulsifying,  202 

fat-splitting,  202 

hydrolytic,  202 

inverting,  202 

oxidizing,  202 

produced  by  bacteria,  201 

proteolytic,  202 
Fetal  membranes,  693 
Fetid  bronchitis,  444 
Fever,  blood-changes  in.  45 

conservative  effects  of,  46 

definition  of,  44 

effects  of,  on  bacteria,  46 

etiology  of,  45 

nature  of,  44 

pathologic  anatomy  of,  46 
physiology  of,  45 
Fibrin,  examination  of,  869 
Weigert's  method,  869 
Fibrin-ferment,  poisoning  by,  30 
Fibrinous  bronchitis,  445 

inflammation.  112 

pericarditis,  410 

pleuritis,  498 

pnenmonia,  459 
Fibrinuria,  648 

Fibro-adenoma  of  bladder,  644 
Fibroblasts,  123 
Fibroid  of  uterus,  671 
interstitial,  671 
mural,  671 
submucous,  671 
subperitoneal,  671 

phthisis,  484 

polyps  of  uterus.  671 
Fibroma,  133 

appearance  of,  134 

definition  of,  133 

etiology  of,  133 

intracanalicalar.  135 

mammte  nodulum,  135 

nature  of,  136 

of  bladder,  644 

of  bone,  737 

of  brain,  809 

of  choroid  plexus,  812 

of  dura  mater.  755 
of  cord,  822 

of  Fallopian  tubes,  688 

of  intestines,  553 

of  kidney,  629 

of  larvnx.  441 

of  liver,  573 

of  lungs,  492 

of  mammary  gland,  718 
intracanalicalar,  718 


^^^^^^^^^^^                                 ^^^                 ^^1 

Fibroma  of  mouth,  510 

Forcitrn  bodies  iu  larynx,  442                            ^^^H 

of  luufscLca,  7r>:i 

tissues,                                                          ^^^^1 

of  ovaries,  ljT9 

Formalin  for  llxinii  and  liardening,  858            ^^^^H 

of  iM'uis,  "Itt 

Fortuacive  cells,  12:)                                             ^^^^H 

of  piTituueuiu,  595 

Fuwl-Iuberculusis,  257                                           ^^^^H 

of  pleura,  51)1 

FruL-ture,                                                                   ^^^H 

of  Kpleeu,  3<ri 

uomwiuuted,  724                                                  ^^^^H 

ofstoiuavh.  530 

com  pound.  724                                                          ^^^^B 

of  teaticlu.  7(W 

repiiir  of,  724                                                                     ^H 

of  tiiotli-piilp,  511 

FruKilitas  ussiuui,  731                                                     ^H 

uf  vagina,  t>!)3 

Friedreicb's  ataxia,  843                                                  ^H 

of  vulva.  7118 

FroK-face,  773                                                                   ^M 

seats  of,  Li  1 

Fuchsin.  t4(j7                                                                     ^H 

struftiire  of,  litti 

bodies  of  cancer,  .30(3                                                   ^H 

Fibroiuvariia  of  Kallopian  tubus,  ti88 

Kussell's,  79                                                                   ^1 

of  vuiva,  eaa 

Fucliaiuophile  granules  iu  fatty  degen-                  ^M 

Fibrosarcoma  of  ovary,  679 

erution,  74                                                          ^H 

Fibrosis,  geucrul,  119 

FuiiKifonu  tumors.  131                                                   ^H 

Fibrous  connective  tissue,  regoneratiou 

FuiiKoid  tumors,  131                                                       ^H 

of,  1-23 

Fungus  of  testicle,  beuigu,  704                                ^^^^| 

l?oiter.  fiOll 

sypUilitic,  7U8                                                  ^^H 

pneumonia,  471 

Furring  of  tongue,  604                                           ^^^^H 

peribront!biiiI,  473 

Furuncle.                                                                       ^^^^H 

jK-riviisciiliir,  473 

Fusiform  uuourysin,  424                                        ^^^^H 

pleuruaenic,  173 

broucbiectasis,  447                                              ^^^^B 

secoii(inry,  -173 

^^^^^1 

Filaria  broiichialis,  335 

OAi..\CTocei.E,  721                                            ^^^H 

ciifyuiietiva-,  325 

Oalactorrhca,  717                                                     ^^^^H 

l)i-iuarquayi,  325 

Oall -bladder,                                                             ^^H 

•I  i  urn  a,  3-il 

con  tract  ion  of,  .5^                                               ^^^^^B 

houiir)i»  oris,  '{25 

dilutation  of.  580                                                          ^H 

immitis,  3ij 

dropsy  of,  5h0                                                        ^^^^B 

in  iieritoucum,  596 

etiipyeiua  of,  ,^79                                                     ^^^^^| 

Inbialis.  IfSi 

iiillaminutiuu  of,  579                                        ^^^H 

lentis.  .'{25 

tumors  of,  581                                                       ^^^^H 

loa,  3:il 

Gall-stones,  .51^0                                                        ^^^H 

lympliatica,  325 

Ganglia  of  cranial  nerves,  diseases  of,  849         ^^^H 

MajEulUje-isi,  325 

Oangliun,                                                                  ^^^^H 

medineusis.  323 

Qaugliouar  nearoglioma,  808                               ^^^^H 

noctiirim,  324 

Oangrene,  100                                                           ^^^B 

ptTHtans,  325 

deSnitiou  of.  100                                                      H 

restifoniiis.  325 

dr>'.  100                                                                      H 

Romnnorum-Orientalis,  325 

ga-wons,  263                                                                   ^H 

sauj;iiinis  houiinis,  32,3 

uiuist,  100                                                                           ^M 

ill  Itidiiey.  KH 

of  lungs,  476                                                         ^^^^H 

FilariiiKii.  324 

^^^H 

Filtration.  i-scHpv  of  fiuid  by,  03 

primary,  100                                                         ^^^^H 

Fissurp.  inml.  542 

seconiian-,  KiO                                                              ^H 

Fistula  in  auo,  .548 

Qsngrenous  appendicitis,  544                                         ^| 

Fixing  and  bardeniiiB,  858 

dysentery.  rtiH 

FlaKella  nf  bai-I.-ria,  199 

inHMniin.-jtioii.  119 

stainiiij!  of,  Hfi 

stomatitis,  507 

Fli-shy  moles,  695 

Gaseous  gangrene,  307 

Fluki'-worius,  325 

Gastiwtasia,  529 

Ftetiis  ill  f.etu,  193,  682 

Gastric  glands,  atrophy  of,  .528 

Follicular  <-yst.s  of  ovary,  679 

fatty  ciegenenition  of  .">28 

enteritis,  .>11 

mucosa,  pignicntntimi  of,  .528 

tonsillitis,  514 

ulcer  of  stomach,  52<! 

ulcers  of  iutestinc,  5-12 

fla.slritis,  acute,  .523 

Food,  dimiuislH-d  supply  of,  33 

chronic,  .j23 

iucreased  sup)>ly  of,  effect  of,  33 

hyiwrtrophic.  ,524 

necesBBry  constituents  of.  .33 

iiitorstitiul,  525 

Foot-and-mouth  disi-ase,  505 

pathologic  anatomy  of.  523 

Foreign  iHxlies,  clian);es  iu  tissues  around, 

physiology  of,  525 

118 

pscndouienibranous.  .523 

in  blood,  3.58 

ulcerative.  .523 

in  intestine,  358 

Oastro-intestiual  tract,  diseases  of,  503 

yo8 
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Oastromalacia,  529 
(tastrophthigis,  525 
(Jastroptosis,  529 
Gelatin,  preparation  of,  685 
Gelatinous  cancer,  18ti 
General  fibrosis,  119 

pathology,  definition  of,  17 
Genital  pore  of  tape-worm,  309 
Gentian-violet,  86d 

reaction  for  amyloid  tissue,  872 
Genu  valgum,  739 

varum,  739 
Geographical  tongue,  504 
Germinal  cells,  765 
T-grauules,  333 
Giant  growth  of  bone,  726 

sarcoma  of  alveolar  process  of  Jaw,  511 
GianVcell  sarcoma,  160 
Giant-cells  of  tuberculosis,  251 
Gibraltar  fever,  292 
Gin-drinkere'  liver,  568 
Glanders,  261 

bacillus  of,  261.     See  BaciUua  nuUki. 

effect  of,  on  nasal  cavities,  437 

of  larynx,  441 

of  lungs.  491 

of  muscles,  752 

of  pharyni,  517 
Glandular  carcinoma,  66 

cystomata  of  ovaries,  679 
Glans  penis,  inflammation  of,  700 
Gleet,  656 
Glioma,  165 

ganglionare,  167 

of  hair,  814 

of  retina,  166 

of  spinal  cord,  849 

of  suprarenal  bodies.  605 
(Tllosarooma  of  dura  mater.  755 
Gliosis,  hyiiertrophic  nodular,  771 
Oltibular  thrombi,  383 
Globulinuria.  647 
Globus  pallidus,  767 
(JlomiTuloncphritis,  64,  611 
Glossitis,  .504.  507 

hemilateral,  507 

parenchymatous,  507 
Glucose  gelatin,  preparation  of,  685 
(ilyceniia.  40 
fJlyccriu  for  clearing  specimens,  868 

for  mounting  specimens,  869 
Glycerin-agar.  preparation  of,  884 
Gl.veogen,  formation  of,  40 

staining  of,  84 

tissue,  examination  of.  872 
Gl.vcogenic  infiltration,  84.     See  Infiltra- 
tion. 
of  kidney.  627 
Glyc()!^uria.  40,  (t45 

alimentary.  40 

clinical  causes  of,  41 

experimental,  40 
Goiter.  ."»97 

colloid.  .'■)99 

definition  of.  .597 

etiology  of.  .597 

fibrous;  6<X» 


Goiter,  mechanical  effects  of,  600 

parenchymatous,  598 

pathologic  anatomy  of,  598 

secondary  changes  in,  600 

vascular,  600 
Golgi  cells,  768 
Gonococcus  of  Neisser,  224 
Gonorrhea,  653 

bacteriology  of,  224 
Gonorrheal  arthritis,  655 

tenosynovitis,  655 

urethritis,  656 
Gout,  38 

etiology  of.  39 
Kolisch's  theory,  38 

pathogenesis  of,  39 

pathologic  anatomy  of,  39 
Gouty  arthritis,  743 

nephritis,  617 

tophi,  39,  743 
Oram's  method  of  contrast  stain  for  bac- 
teria, 886 
Granular  casts,  621 
Granulation-tissue,  111 
Granulations,  117 
Granule-cell,  compound,  623 
Granules  of  leukocytes.  333,  334 
Granuloma  fungoides,  162 
Grape-sugar  in  blood  and  urine,  40 
Graves'  disease,  603 
Gray  hepatization  of  lung,  462 
Gruber-Durham  phenomenon,  217 
Grnber-Widal  reaction,  210 
Guanin,  38 
Gnmmata.  281 

of  bones,  736 

of  brain,  806 

of  lungs,  490 

of  lymphatic  glands,  373 
Gymnobacteria,  199 

Hairy  polyp,  438 

Hiimalaun,  866 

Hanging  drop,  890 

Hansen  bacillus  leprae,  258 

Hard  papilloma,  171 

Harelip,  .503 

Hang's  method  of  decalcifying.  861 

Healing  by  first  intention.  117 

by  granulations,  118 

by  immediate  union,  117 

by  second  intention,  118 
Heart,  378 

abnormality  in  position  of,  379 
in  size  of,  379 

abscess  of,  397 

actinomycosis  of,  409 

amyloid  degeneration  of.  393 

anatomic  considenilions  of,  378 

anenrysm  of,  408 

atrophy  of,  404 

bilocular,  379 

cloudy  swelling  of,  392 

congenital  diseases  and  deformities  of, 
378 

defective  development  of,  379 

degenerations  of,  392 
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Ui-art.  dvvelupiDunt  of,  378 

Hcmofuscin,  pigmentation  by,  90 

dilutatiiiu  of.  4(X"> 

ilemogenic  tuliereulwiK,  4i  i 

fatty  degencrutioii  of,  394 

Hemoglobin  in  urine,  032 

iiitiltratioii  uf,  393 

Uemugloliiu-dcrivativeii,      pigmeDtatiOD                           | 

hyaliiiv  dugeueratiuu  of.  3^3 

by,  90 

hypertrophy  of,  40,) 

Ili-m>jgloiniieniitt,  342 

Uyjiopla.tia  of,  379,  403 
iunaiiiiuatioii  of,  3S>7 

Hemoglobinuria,  048 

from  extensive  burns,  21 

panwitL-4  'if.  40U 

(wroxysmul,  648 

p«rcuchymatous  dt-iieucration  of,  392 

lleiuokouiK,  337 

p«thrilii);ic  physiology  of,  3e*> 

Heiuulymph  glandi^,  366 

seKiui'iitutioii  of  fihtrs  of,  SUti 

Uen^oly»i^4,  IDO,  ;t42 

syphilis  of,  409 

HeuiojR'rieardium,  410 

throiul.i  in,  60 

Hemophilia,  54 

throiiiHiisis  of  cavities  of,  382 

Hemoptysis,  54 

trilijotilur,  37U 

Hemorrhage,  ,51 

tiihercuhisis  of,  409 

arterial.  51 

tumors  of,  409 

by  omtir  coup,  81)5 

wounds  and  rupture  of,  406 

capillary,  51 

Ht'art-diseiwes,  cttet-X  of,  on  circaUtioD, 

causes  of,  53,  392 

47 

cerebral,  791 

Ui-art-miisclp,  anemia  of,  39*2 

massive,  791 

hrown  atrophy  of,  G7 

punctate,  791 

hemorrliagc9  in.  393 

classilloitiou  of,  ^ 

hy|HTi'inia  of,  39"^ 

due  to  di.seiL^i'  of  blood-vessels, 

53 

llciit,  ctrrot  of.  on  KHiwth  of  bacteria,  200 

from  iriereiise  of  blood-pressure 

53 

in  etiology  of  diseaiw,  'JO 

neuroputbie,  5:1 

loeal  excess  of,  effect  of.  20 

of  bladder.  639 

for  llxing  and  hardeniug,  860 

of  boue,  727 

Heat-tli.ssiiiation,  44 

of  br..m-hi,  443 

lli:it-|iro<luction,  44 

of  ebiiroid  jdfXUS,  811 

Ueinan^ionia.  145 

of  decidua,  6!I5 

appeitrunc'e  and  Acats  of,  146 

of  dura  luater,  753 

definition  of.  ll.'t 

of  eoivl.  &20 

etiology  of,  14ti 

of  Kalkipiuii  tuU'S,  684 

nature  of.  148 

of  heurtuiuseles,  .'192 

of  mouth,  510 

of  intestines.  .>40 

vtrticture  of,  1  Ifi 

uf  joints,  739 

Heniatetni'iis,  .>! 

of  kidneys.  608 

Hemntohljvst,  .■J30 

of  larynx.  43'5 

Hi-matocele.  retro-uterine,  663 

of  lung?.  451 

lIeu>atocliromato«Li,  .>'il» 

of  mammary  glands.  716 

^^^^_ 

of  liver,  .^.62 

of  mouth.  .Wl 

^^^^H 

of  imuereas.  .584 

of  muscles.  746 

^^^^H 

liemutothyUiria.  324.  049 

of  nerves.  .».">0 

^^^^H 

Hi-nuitogeuie  alhumoauria.  647 

of  ovary.  677 

^^^^H 

pneumonia.  4r>9 

of  pancreas.  5*3 

^^^^H 

purulent.  4".t 

of  pericardium,  410 

^^M 

tuberculo«i,s,  48<i 

of  peritoneum.  .589 

^1 

UcmalogenoUH  pigmentation,  89,  92 

of  pharynx,  512 

l.«»l.  !H) 

of  pia,  756 

Hematoidin  in  urine.  e-Vi 

of  pituitary  body.  818 

pigmentation  by,  iM) 

of  spinal  cord,  h'32 

Uemiitonnt,  definition  of,  54 

of  spleen.  '.VVI 

of  Fallopinn  tube,  084 

of  stiiniHch,  .V>J 

of  vnlvtt.  <i9t? 

of  supr.irenul  liodies,  604 

nematomyctia,  HIS 

of  uterus.  (VIS 

H>  iiiiitii>:ii|)iiix.  (W 

of  vagina.  UtiJ 

Henjatowliii,  him 

parenchyniHtons,  51 

nehifleid's.  »tin 

per  diabrosin.  .53 

Ebrlieh'5  aeid.  Hiirt 

p«'r  diaiH-desim.  52 

Hematozoon  malariie,  299 

jM-r  rbexin.  51 

Hematuria.  fi4M 

n-snlts  of,  .54 

Ilemilateral  glowitis.  .WT 

traumatic.  53 

Hemispheres.  c<-rebnil,  auatomy  of,  706 

venous,  51 

^^^^H 

Hemochromalofis.  iXt 

Hemorrhagic  diatheslii,  .54 

^^^^H 

Uemocytolysis,  342 

diaeaocs,  bacteriology  of,  290 

M 
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Hemorrhagic  infarcU,  54,  57 
uf  lungs,  432 

iuflammation,  119 

myueitU,  747 

pachymeniugitU,  753 

pericarditis,  412 

pleuritis,  499 

vaginitis  testis,  706 
Hemorrhoids,  540 
Hemosiderin,  pigmentation  by,  90 
Hemothorax,  49ti 
Hepatitis,  566 

interstitial,  acate,  566 
chronic,  567 

parenchymatous,  .566 
Hepatization  of  lungs,  461 
gray,  462 
red,  461 
Heredity  as  a  factor  in  etiology  of  cuci- 
noma,  178 

as  a  predisposing  Cactor  in  diaeue,  18 

direct,  18 

immediate,  18 

polymorphous,  38 

remote,  18 

theories  of,  19 
Hernia,  536 

diaphragmatic,  536 

direct,  536 

etiology  of,  536 

external.  536 

femoral,  536 

indirect,  636 

inguinal,  536 

internal,  536 

irreducible,  537 

pathologic  anatomy  of,  536 

reducilile,  537 

retroperitoneal,  536 

strangulated,  537 
Herpetic  angina,  512 

laryngitis.  239 
Heteroplastic  osteoma,  144 
Heterotopia   of   gray   matter  of   spinal 

cord,  826 
Hexathyridium  pinguicola,  328 

venarum,  328 
Hippuric  acid  in  urine,  651 
Hirudo  ceylonica,  328 

vorax,  328 
Hodgkin's  disease,  150,  357 
Horseshoe  kidney,  606 
Housemaid's  knee,  724 
Hutchinson's  teeth,  '283,  511 
Hyaline  casts,  620 

degeneration,  78.    Sec  Degeneration. 
of  arteries,  416 
of  brain.  786 
of  heart.  393 
of  lymphatic  glands,  367 
of  muscles.  751 
of  spleen,  ;Wi4 

tissue.  exnuiiuHtion  of.  872 
Hydatid  moles, 697 
Hydatids  iif  Morgagni,  689 
Hydremia,  .'Ml 
Hydrocele,  703,  705 


Hydrocele  funiculi  cystica,  706 
spermatid,  706 

processus  vaginalis,  706 

spermatica,  705 
Hydrocephalus,  813 
Hydrochloric  acid  in  tissue  examination, 

858 
Hydrofluoric  acid,  poisoning  by,  28 
Hydrogen-sulphid  poisoning,  29 
Hydrolytic  fermenta,  202 
Hydrometra,  661 
Hydromyelia,  827 
Hydronephrosis,  635 
Hydropericardium,  410 

chylous,  410 
Hydrophobia,  bacteriology  of,  280 
Hydrops  articulomm,  742 

ex  vacuo,  757 

omenti,  590 
Hydrorrhachus,  826 
Hydrorrhcea  gravidamm,  694 
Hydrosalpinx,  687 
Hydrothionuria,  646 
Hydrothorax,  496 
Hygroma,  congenita]  cystic,  145 

dur»  matris,  754 

of  pia,  757 
Hyperchromatosis,  108 
Hyperemia,  active,  49 

arterial,  49 

collateral,  49 

local,  49 

neuroparalytic,  49 

neurotic,  49 

of  bladder.  639 

of  bone,  727 

of  brain,  789 

of  dura  mater,  753 

of  Fallopian  tubes,  684 

of  heart-muscle,  392 

of  joints,  739 

of  kidneys,  608 

of  liver,  559 

of  mammary  gland,  715 

of  mouth,  504 

of  muscles,  746 

of  nerves,  850 

of  pericardium,  410 

of  pia,  7.")6 
and  arachnoid  of  cord,  822 

of  pituitary  body,  818 

of  pleura,  496 

of  spinal  cord,  831 

of  spleen.  360 

of  testicle,  703 

of  uterus,  662 
passive,  662 

of  vagina,  692 

of  vulva,  698 
passive.  50 

venous,  .50 
Hyperglycemia,  40 
Hyperinosis,  340 
Hyperplasia,  126 

of  deciduie,  ti96 

of  mucous  membrane  of  nterus.  670 

of  spleen,  363 
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Hyperplastic  pcriliepatitis,  594 

lufarets,  formation  of,  56                                                  ^| 

Hyperthyroidism,  W3 

heiuorrbagic,  57                                                                   ^| 

Hypcrtoiiicity  nf  tin-  bluoj-serum,  340 

plueeutal,  074                                                                         ^| 

Uy|M:rtropliie  cirrbosis  of  iivur,  509 

pulmonary.  5rS                                                                  ^B 

eiilar«c'mi-»t,  12U 

sub>eiiucnt  changes  in,  57                                             ^m 

uastritis,  5-J4 

white,  .57                                                                          ^M 

iKMliilar  gliosis.  771 

Infection,  2U5                                                                           ^M 

scU-rusis  of  brain,  784 

Infectious  diseaae,  dcfinitiou  of,  33                                 ^H 

Hypcrtrujiliy,  lt>5 

embolism,  ,57                                                                        ^^^ 

di- flu  it  ion  of,  ld5 

emphysema,  207                                                         ^^^^^1 

etiolo){y  of,  li5 

bacillus  of,  267                                                   ^^^^H 

iinmerical,  126 

leukocytosis,  :i44                                                   ^^^^H 

of  Iirt4'rifs,  415 

IntiltmtiiiK  tunuinj,  130                                           ^^^^H 

of  l>one,  72(5 

IiitUtrution,  albuminous,  68                                     ^^^^^ 

of  boiie-iuiirrow,  376 

calcareous,  of  arteries,  416                                      ^^^^H 

of  c<.Tvli  iitt-ri,  070 

deliiied.  Oh                                                                   ^^^H 

of  heart,  40r» 

dro|>sieai,  H5                                                               ^^^^^H 

with  dilatation,  408 

fatty,  70.     8eo  Fatty  injillratim.                        ^^^H 

of  kidntry,  ti2r» 

glycogenic.  H-1                                                        ^^^^^H 

of  livL'r.  571 

'dcfliiition        f^l                                                ^^^^M 

of  luiiRs,  453 

of,  ^                                                   ^^^^H 

of  lymphatic  glaiiita,  367 

of  kidney.  *^.>7                                                        ^^^B 

of  mammary  kIu»<1.  717 

pathologic  anatomy  of,  84                              ^^^^H 

of  muscles,  740 

physiulog}-  of.  85                                           ^^^^H 

^m     of  pituitary  l«Kly,  H17 

inflammatory.  1(17                                                 ^^^^| 

^B     of  prostate,  711 

lymphoid,  150                                                        ^^^^H 

^m     of  testicle,  703 

medullary,  of  lymphoid  structures  of           ^^^H 

'           of  uterus,  070 

intestine,  549                                              ^^^^H 

pathologic  anatomy  of,  125 

uratic,  fm                                                               ^^^M 

physiology  of,  126 

Influniniutioii,  103                                                     ^^^H 

simple.  12(i 

as  cansi.-  of  necrosis,  95                                         ^^^^H 

true,  120 

catarrhal,  115                                                          ^^^^H 

Hypiuosis.  340 

changes  in  blood-vessels  in,  105                                 ^H 

HypoleukiK'.ytosis,  3tH 

cliemotactic  action  in,  107                                         ^U 

Hypophysis  cerebri.  810.     See  also  Pilni- 

chronic.  117                                                                     ^H 

tnry  hiHlii, 

definitiiHi  of,  I0.'{                                                            ^M 

Hypoplnsia,  duHuition  of,  66 

degenerative.  110                                                               ^^H 

of  arteries,  415 

changes  in  tissues  in,  100                                         ^H 

of  bone,  731 

diphtheritic.  112                                                            ^H 

of  cerclK'llum.  <  (3 

edematous,  112                                                                ^H 

of  cerebral  hemispheres,  771 

etiology  of.  Ill                                                               ^H 

of  heart.  37H.  403 

exudation  in.  105                                                      ^^^^| 

HyiHiapadiiiH,  7iKt 

^^^^B 

UyiMMtatic  congestion,  47 

nbrinii-purnlcnt,  112                                               ^^^^H 

of  lungs,  4.'>0 

^^^^H 

pneumnnia.  40.5,  468 

^^^^^H 

Hypoxanthin,  38 

hemorrhagic.  110                                                  ^^^^^H 

historical  views  of,  103                                        ^^^^H 

ICTERrH,  .581.     See  Jaundice. 

^^^^H 

seu  febris  amautium.  350 

muco-piirnlent.  110                                                    ^H 

Ileitis,  .513 

necrotic.  11!)                                                                         WU 

Ileum,  inflammation  of,  543 

•if    appendix    vermiformis,   543.      See                     ^* 

Ili'UH.  .5.'i7 

AppfniticitiJi. 

Ihiiiiediale  lifTedity,  18 

nf  arachnoid,  757 

Imuiunity.  :KNi 

spinal.  ,-122 

aetiiiired,  207 

of  arteries,  417 

natural.  207 

of  biliary  ducts,  578.     See  Cholangilu, 

theories  of.  208 

a{  bla.lder.  (i.i9.     See  Cgntilv. 

varieties  of.  207 

o(  botie,  727 

Inanition,  33 

of  bone-marTOW.  370 

Indieannria.  046 

(»r brain.  7!t7.     See  also  Encrphalitit. 

Indigestion.  525 

of  bronchi.  443 

Indigo  in  urine.  6.52 

of  buPMe,  74.5 

Indirect  cell-division,  122 

nfravernons  bodies  of  penis,  699                         ^^^^ 

Indolent  ulcer.  115 

of  cecum.  543                                                          ^^^^H 

Infarction.  56,  723 

colon,  .540                                                               ^^^^H 

^Klnfarcts,  anemic,  57 

nf  cornea,  phenomena  in,  105                             ^^^^H 
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luflammation  of  deeidua,  695 
of  duodeuum,  543 
of  dura  muter,  753 
of  epididymis,  703 

of  Fallopian  tubes,  685.    See  BalpingiiU. 
of  gall-bladder,  579 
of  ileum,  543 
of  iiitt-'Stiues,  541 
of  joiuts,  740.    See  Arikritit, 
of  kidney,  609.     See  Htphritit. 
of  laryaz,  439 
of  liver,  566.     See  Hepatitu. 
of  lungs,  459 
of  lymphatic  glands,  368 

vessels,  433 
of  mammary  gland,  716 
of  mouth,  504 

of  muscles,  747.    See  Myoiitis. 
of  nasal  cavities,  436 
of  nerves,  8.53.    See  Ifeuritii. 
of  ovaries,  678 
of  pancreas,  585 
of  pelvis  of  kidney,  635 
of  pericardium,  410 
of  peritoneum.  590.    See  Peritonitit. 
of  pharynx,  512 
of  pia,  757 

of  cord,  822 
of  pituitary  body,  818 
of  placenta,  695 
of  pleura,  497 
of  prostate  gland,  710 
of  pulp  of  teeth,  511 
of  rectum,  546 
of  salivary  glands,  518 
of  seminal  vesicles,  714 
of  spinal   cord,  833.    See  Mtftlitu  and 

Poliomyetitis. 
of  8i>U'en.  3(il 
of  suprarenal  bodies,  605 
of  tendon-slienths,  745 
of  testicle,  703.     See  Orchitu. 
of  thoracic  duct.  435 
of  thymus  gland,  377 
of  thyroid  gland,  597 
of  trachea.  442 
of  iir<'ter,  ti:W) 
of  urethra,  6.'>3 
of  titenis,  663 

of  vagina.  692.     See  Vaginiti». 
of  vas  deferens,  706 
of  veins.  4.S0 
of  vulva.  698 
parenchymatous.  111.  116 
imthologie  pbvsiologv  and  pathogene- 
sis. 120 
phenomena  in.  104 
productive,  111,  116 
prolifenitivc  changes  in,  110 
rcsiihitiou  after,  120 
round-cell.  107 
seriililiriiious,  112 
sere  111 -i.  112 
special  fitrnis  of.  Ill 
siiiiiMiralive.  113,  115,  116 
theories  of,  103 
types  of.  112 


I  Inflammatory  edema,  64 
I      infiltration,  107 
I      leukocytosis,  344 
osteoporosis,  730 
I  Influenza,  276 
\      bacillus  of,  276 
Infusoria,  294 
Inguinal  hernia,  536 
Inhibition,  theory  of,  208 
Inoculation  of  media,  889 
Insects,  venom  of,  poisonous  effects  oC 

29 
Insufficiency  of  heart-valves,  389 
Intermediary  callus,  726 
Internal  hernia,  536 
Interstitial  appendicitis,  544 
emphysema  of  lungs,  453 
gastritis,  525 
hepatitis,  acute,  566 

chronic,  567 
inflammation,  117 
nephritis,  610 
acute,  612 
chronic,  616 
neuritis,  acute,  853 
chronic,  854 
hypertrophic,  855 
pregnancy,  689 
uterine  fibroids,  671 
Intestinal  obstruction,  537 
Intestines,  534 
abnormalities  of,  534 
absence  of  parts  of,  534 
actinomycosis  of,  553 
active  hyperemia  of,  540 
adenoma  of,  554 
amyloid  degeneration  of,  539 
I      anthrax  of,  S-'k) 

atrophy  of  mucosa  of,  5:J9 
carcinoma  of,  .5.55 
circulatory  disturbances  of.  540 
congenital  abnormalities  of  position  of, 
.535 
enlargement  of,  535 
dilatation  of,  .5.'i5 
distortion  of.  5.34 
diverticula  of,  535 
edema  of,  .540 
embolism  of.  .540 
en  teroey stoma  of,  .5.35 
enteromyeosis  of,  553 
fibroma  of.  .5.53 
follicular  ulcers  of,  .542 
foreign  bodies  in.  .5.58 
hemorrhage  of,  540 
hernia  of,  .536 
infectious  diseases  of,  547 
inflammation  of.  .541 
inflammatory  papilloma  of.  .5.53 
internal  strangulation  of,  537 
invagination  of,  53S 
lipoma  of,  .5."».3 
myoma  of.  .5.5(> 
myxoma  of,  .5.53 
narrowing  of.  .5:54,  535 
obstruction  of,  .537 
parasites  of,  5.56 
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Intestines,  passive  hyperemia  of,  540 

Kidney,  flOfi 

peptic  ulcer  of,  542 

adenumu  uf.  KIO 

piKineiiltttiou  of^  SJU 

congenital,  ti30 

rii|)torf  of,  557 

Hajiillilcrous  cyatic,  631 

.'«n.'om»  of,  .'>r>3 

amyloid  degeneration  of,  627 

steuoaiii  iif,  ^Xt 

anemia  of,  307 

submucous  slsicesg  of,  542 

atrojihy  of,  684 

syphilis  of,  .wU 

bueleria  in,  633 

thrombosis  of.  540 

caklllcatjon  of.  (i27 

tuben-ijlofti.'*  of,  ^A 

carcinoma  of,  t>31 

tumors  of,  55;j 

circulatory  disturbances  of.  (107 

uk'tnition  of,  542 

cloudy  swelling  of.  ti25 

Ilitoik-ntii>ii.  -JOo 

congenital  anomalies  of.  tkW 

iiH  u  cuiiw  of  uecrosis,  ftl 

cyanotic  induration  of,  6Ur( 

IiitniL'aimlicular  tibruiua,  1;^ 

cysta  of.  031 

of  luuiiimary  kIouiI,  718 

degenerations  of,  f{2<5 

Iixtus«usc«-|itioii,  5am 

ecIiiuiicoccus-cy.it  of.  834 

IiivuKiiiiitiou  of  intcstims  S.'W 

eiiema  of,  tiO«i 

luvaHioii  iliMyascs,  ili'tiiiition  of,  32 

embolism  in.  609 

liiverMioii  of  iitiTus,  Wil 

fatty  contracting.  615 

Iiivortin^  ftTUu-nt!*,  202 

degenen»tiou  of.  628 

Invoiutiim-fonii*  of  hacCeriii,  IflW 

infiltration  of.  ti27 

lodiii-griiMi   mi-thoil  for  umvluid   tissue. 

fibromata  of.  620 

H72 

glycogenic  infiltration  of,  627 

Io«liii-rfa<-tiuii  for  amyloid  tisnue,  871 

be'morrhages  in,  608 

lodopliilia,  Xfi 

horseshoe-.  606 

Iron,  exaiuinatioii  for,  H71 

hyperemia  ot,  609 

Ironpartielea,  pi^aucnlation  by,  S8 

hypertrophy  of.  025 

IrrL-ducibli-  hernia,  .'i37 

intiaminatiou  of.  609.     See  Nephritit. 

Irrejfular  malaria,  jiarasito  of,  300 

large  white,  fiU 

l*hi'iiiia.  .M 

leiomyoma  of,  630 

iHlaiids  of  LaiiiierhsoK,  diseaseii  of,  584 

lipomata  of,  629 

Isotoiiicity  of  redhlood-corpuaclea,altera- 

lymphomatous  inflltmtion  of.  6;il 

tioo«  of,  KiH 

malpositions  of,  ('>n7 

Ixodes  bovia,  302 

para-'ites  of.  1(33 

parenebyniatou.H  degeneration  of,  625 

Jaundice,  581 

pelvis  of.     .See  Pelri'  of  kitlney. 

caturThai,  582 

r*-'d  granular.  617 

etioloizy  of.  ."iSl 

rhalMioniyosiirconiB  of,  630 

patholofciu  aiiatom.r  of,  582 

sarconni  of.  (>3(l 

Jenner's  stain  for  bliM)d.  87S 

.■(vphilis  of,  >t£l 

Joints,  aukylosin  of,  739 

thrombosi.s  in.  609 

; 

cold  absoess  ot  744 

tuberculosis  of,  627 

^^^^H 

diseMes  of,  TX) 

tumors  in,  62U 

^^^H 

distortion  of,  739 

KIeli«-I-offler  bacillus,  iSi 

^^^H 

dro|my  of.  "Ill 

Knock-knee.  ZM> 

^^^H 

hi'niorrlnjHf  into.  739 

Kolwlt,  cysts  of,  (Ki 

^^^H 

1iy|ifri'inia  of.  7.'J!) 

Koch's  laws  for  etinlogic  importance  of 

^H 

inflaniination  of.  710.     See  Arthriti$. 

bacteria.  31 

^1 

lu\atii.ii  of.  7.i!> 

stain  for  tulM-rcIe-lmclllus.  246 

^* 

8rphili!4  of.  Ti.l 

tuherenlin,  2."it> 

tub«-rcti  loBii  of,  714 

Kraurosis  vulva?.  <i93 

tumors  of,  745 

Kuhne's  solution  for  staining.  867 

KA»ERt,iy»'i>    n>4.thiMl    for    preserving 

LAcrrc  acid,  excessive  formation  of,  in 

Krofw  pathologic  iip<;cinieus,  880 

iKsly.  36 

Karyoltiiii-Hia.  122 

Ijactiwuria.  <i46 

alitiorinal,  122 

Luunnar  tonsillitis,  514 

«.<iyiiimi-tric.  122 

Ijacniioe's  eirrhwis  of  liver.  URS 

nuiltipohir.  122 

Ijingban'A  cells,  im 

Karyokinctio    flffuros    in   crrthroblasts. 

LarKe  white  kidney.  61 1 

3.37 

Laryngitis,  arute  catarrhal,  439 

Karyolysis,  102 

chronic  catarrhal.  4;tH 

Karyomitosis.  1*J 

croupous.  J-l(» 

Karvorrht'Tis.  \iY2 

diphtheritic.  440 

Keloids.  IXt 

edcmaton*.  4:J9 

KIIO  solution  for  teasing,  957 

herpetic,  439 

i» 

^ 

i 
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Larynx,  anatomic  coDsidetations  of,  438 

anemia  of,  43S 

(;arcinoma  of,  441 

congenital  abnonualitien  of,  438 

ecbinococcus  cysts  of,  442 

edema  of,  438 

fibroma  of,  441 

foreign  bodies  in,  442 

glanders  of,  441 

bemorrbages  in,  438 

byperemiaof,  43S 

inflammation  of,  439 

lepra  of,  441 

lupus  of,  44U 

mucous  jjolyps  of,  441 

papilloma  of,  441 

parasites  of,  442 

stenosis  of,  439 

syphilis  of,  440 

tuberculosis  of,  440 

tumors  of,  441 
Latent  tuberculosis,  255 
Lateral  tbrombus,  60 

ventricles  of  brain,  760 
Lavender  for  clearing  specimens,  868 
Laveran's  malarial  parasite,  301 
Lead,  poisoning  by,  27 
Lecithin  in  fatty  degeneration,  74 

in  fatty  infiltration,  71 
Leiomyoma,  168 

of  kidney,  630 

of  uterus,  671 
Leontiasis  Irprosa,  260 

ossinm,  730 
Lepra,  258.     See  also  Leproty. 

afi°ections  of  nasal  cavities  in,  437 

gangrtenosa,  260 

mutilans,  2(>0 

of  bone.  737 

of  larynx,  411 

of  pharynx.  517 

of  testicle,  708 
Lcpra-cell.  260 
Leproma.  260 
Leprosy,  2.")S.    Sec  also  Lepra. 

anesthetic.  2.">!l 

antitoxin  of.  261 

baeilln»of.  2.">8 

etiology  of,  2.">8 

of  liver.  573 

of  nerve.s,  856 

pathologic  anatomy  of,  259 
physiology  of,  2(il 

strncture  of  lesions  of,  260 

tubercular,  2.">!) 
Leptomeningitis,  7."7 

s^piiial.  H22 
LeptiPlhrlx  Imccalis,  279 
lA'ucin  in  urine,  36,  6.52 
lA'ukeinia,  ',V>'i 

aeiiti',  3.57 

blood  in,  .3.55 

linoomednllary,  3.56 

lymphatie.  3."i(> 

)iatliolugie  physiology  of.  3.57 
Ijeukeniic  lyniphadenoma,  151 
Leukocytes^  330 


Leukocytes,    chemical    composition    of, 
334 

emigration  of,  in  inflammation,  106 

large  mononuclear,  331 

neutrophile,  332 

number  of,  334 

origin  of,  335 

(lathologic  changes  in,  338 

polymorphonuclear,  332 

poly  nuclear,  332 

proportion  of  different  forms  of,  3% 

small  mononuclear,  331 

transitional,  3.')2 

various  forms  of,  331 
Leukocytic  casts,  621 

shadows,  339 
Leukocytosis.  344 

cachectic,  345 

character  of  blood  iu,  345 

from  mechanical  and  thermal  caases, 
345 

infectious,  344 

inflammatory,  344 

medicinal,  345 
Leukolysis,  346 
Leukonuclein,  334 
Leukopenia,  346 
Leukoplakia,  504 
Levulosuria,  646 
Leydenia  gemmipara,  596 
Liborius'  method  of  cultivating  anaerobic 

bacteria,  8!)1 
Lienomedullaiy  leukemia,  356 
Light.  efl°ect  of,  on  growth  of  bacteria, 

200 
Lime-salts,  examination  of,  871 
Li|>aciduria,  646 
Lipemia.  341 
Lipoma,  138 

appearance  of,  138 

etiology  of,  138 

nature  of,  139 

of  bone,  737 

of  choroid  |>lcxus,  812 

of  ilura  mater  of  cord,  822 

of  Fallopian  tubes,  688 

of  intestines,  5,53 

of  kidney.  629 

of  liver,  .573 

of  lungs.  4!I2 

of  mammary  ginnd,  718 

of  month.  510 

of  mnscles.  7.52 

of  i>eni.s,  702 

of  peritoneum,  5J)5 

of  pia  and  arachnoid,  763 

of  pleura.  501 

of  stomach.  .5;ifl 

of  vulvn,  699 

s<>ats  of.  139 

.structure  of,  139 
Li|mniat<>sis,  13S 

of  mammary  gliind.  717 
Lipuria,  649 
Lii|uefaction-necrosis,  97 

definition  of.  97 

pathologic  anatomy  of,  98 
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Liquids  of   the   tissiira.   itltentioiiB    of. 

Lungs,  actinomycosis  of,  492 

caaHe  t-dumit,  <H 

active  liyjien'mia  of.  449 

LirfUiir  puris,  114 

anatomic  considerations,  448 

Litliitiiii  canuiii,  tMiS 

ani'iuia  of,  441) 

LillioptHliun,  (iUU 

antliruco»is  uf.  473 

Livur,  .T.W 

atrophy  of,  4.53 

ubacviw  uf.  5(iti 

carcini>nm  uf,  494 

ucute  yellow  utropliy  of,  504 

cbaliiosis  of.  473 

aili'iioiiiii  uf,  5U 

collateral  hyjiercmia  of  449 

uin.vloiil  ili'iii'iieratiop  uf,  .VJ5 

congi-iiilal  litfecls  of.  449 

anatomic  cuuaiilcratious,  5o8 

congest  ion  of,  449 

aueniin  of.  .V>!) 

cyauutic  induration  of,  451 

aii({ioijia  uf.  r»73 

oyat«  uf,  495 

atrii|iliy  of,  "Kil 

edema  of,  451 

loculizitl.  .V12 

embolUm  of,  4.53 

csrriuoaut  of.  574 

emphyaema  of,  453 

wcoiiUury,  .■>75 

gangrene  of,  476 

rhaiiicfs  of  |HMiiioii  of.  558 

glanders  of,  491 

circulatory  ili.sturbuuces  of,  559 

lieniorrhage  of.  451 

rirrliiniis  of.  5<>7 

hemurrhngie  infarcts  of,  452 

atrophic,  MS 

hy[M*rtn»rdiy  of,  45;i 

biliary.  570 

hyjiostatic  i-oiigrstion  of,  450 

hypertrophic.  ,Tt)9 

inUainmatiun  uf.  4.59 

Liieiiuec'ii.  .'MS 

imnfcsites  of,  495 

cloudy  swolltug  of,  .Tfi3 

pai<sive  hyperemia  of,  450 

coropU^tc  ttbsenco  of.  ,">.>8 

sarcoma  of.  493 

cyanotic  induration  of,  559 

siderosis  of,  473 

ry«l«  of,  .">7U 

syphilis  of.  4«0 

droiwicul  infiltration  of,  .565 

tnbercniosis  of.  477 

piubolism  of,  .Vin 

tumors  of.  492 

fatty  dei;eni-ration  of,  563 

Lnpns  vulgaris.  254 

iiifilt  ration  of,  mi 

Lustuartfu's  bacillus.  279 

fibromata  of,  ,"i73 

Luxniioii  uf  joint*,  739 

Kin-driiikcrs',  .')68 

Lyinphacir'nia  ussea,  738 

hyppromia  uf.  .Vifl 

LyriipliadcDltis,  368                                                  ^^^^m 

hyvertriijihy  of,  .571 

^^^M 

infcrtious  disfasiis  of,  571 

chronie,  30'!)                                                                ^^^H 

iiilliiiiimatinns  of,  566 

suppurative.  30!)                                                    ^^^^B 

Irprosy  of,  .'173 

Lyraphadonoma,  148,  364,  373                                ^^^H 

li|>oniiita  uf.  .'>73 

aleukemic.                                                                   ^^^^| 

lympha*lennma  'tf.  .573 

appearance  and  seats  of,  148                               ^^^^| 

malformations  of,  .'uS 

etiology  of,  148                                                          ^^^H 

nature  of,  ISO                                                     ^^^H 

nutmeg-,  ■5.>9 

of                                                                             ^^H 

panuites  of.  ,'J76 

^^^^H 

pan  iichyniatous  dffceneratioo  of,  .563 

1.50                                              ^^^H 

pigmentation  of,  TiCtl 

Lyin|>haiigieetasia,  473                                            ^^^^| 

r>'<l  atrophy  of.  .Vi9 

a4:<|i]ireil.  i'Si                                                             ^H 

relation  of,  to  diabetes,  43 

congenital,  434                                                                     ^| 

rupturi'  of,  ."I 

LympbanuioniH,  145 

sarcoma  of.  ."3 

cavernosom.  145 

syphilis  of.  572 

of  bruin.  H09 

thrombosis  of.  ,560 

of  mouth.  .51(1 

tnbi-rculosis  of,  571 

of  spleen.  .305 

tnrnon  of,  .573 

Lympliaiigilis,  433 

Livcr-flukr.  326 

puruifut,  476 

Livorcs  mortis.  lO:! 

Lymphatic  anemia,  1,50 

Lolmr  pneumonia,  4.59.     See  PntHmonia. 

circulation,  obstruction  of,  a  cause  of 

sclerosis  of  bniin.  803 

nlema.  65 

Lobular  puenmonia.  464 

glands,  amyloid  degeneration  of.  367 

Local  anemia.  .51 

anatomic  considerations,  366 

hyperemia.  4!t 

arithra<-osis  of.  :I68 

locomotor  ataxia.  8.39 

atr<ipliy  uf.  -MW 

Loffli-r's  solntion  for  staining.  887 

ealcifie»liii!t  tif.  367 

I»photrichnns  bacteria.  199                          ' 

carcinoma  of.  :n5                                             ^^^^H 

Lodwig's  angina.  513.  51(* 

diseases  of,  367                                                       ^^^H 

Lngol'ssolnt ion  in  tissut! examination,  658 

fatty  infiltration  of.  367                                   ^^^H 
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Lymphatic  glands,  hyaline  degeneration 
of,  367 
hypertrophy  of,  367 
iunammation  of,  368 
necrosis  of,  367 
pigmentation  of,  367 
sarcoma  of,  375 
syphilis  of,  373 
tuberculosis  of,  370 
tumors  of,  373 
leukemia,  3,56 

yessels,  anatomic  considentions,  433 
dilatation  of,  433 
inflammation  of,  433 
parasites  of,  435 
syphilis  of,  434 
tuberculosis  of,  434 
tumors  of,  434 
Lymphemia,  355 
Lyniph-forujBtion,  causes  of,  63 
Lymphocytes,  331 
Lymphodermia  pemiciosa,  354 
Lymphogenic  tuberculosis,  477 
Lymphoid  infiltration,  150 

tubercle,  250 
Lymphoma,  148 
malignant,  148 
Ljrmphomatous   infiltration  of  kidney, 

631 
Lymphorrhea,  145 
Lymphosarcoma,  148,  156,  364,  373 
of  month,  510 
of  pituitary  body,  819 
of  stomach,  .'>30 
of  thymus  gland,  377 

Macrocephaly,  749 
Macrocheilia,  145,  434,  510 
Hacroglossia,  145,  434.  510 
Madura-foot,  274 

Malachite  green  for  cancer  stain,  873 
Malaria,  hematozoon  of,  299 
irregular,  parasite  of,  :)00 
relations  of  mosquitoes  to,  301 
Malarial  heniatozoa,  299 
parasites,  299 
staining  of.  3.58 
Male  breast,  abnormal  development  of, 

715 
Malignant  edema,  263 
bacillus  of,  263 
endocarditis,  385,  386 
lymphoma,  148 
pustule,  265 
Mallein,  263 
Malto  fever,  292 

micrococcus  of.  292 
Malum  coxce  senilis,  742 
Mamma.     See  Mammary  gland. 
Mammary  gland,  715 
adenoma  of,  719 
atrophy  of,  717 
carcinoma  of.  719 
chondroma  of.  719 
congenital  abnormalities  of,  715 
cysts  of,  721 
fattv  infiltration  of,  717 


Mammary  gland,  fibroma  of,  718 

hemorrhages  of,  716 

hyperemia  of,  715 

hypertrophy  of,  717 

inflammation  of,  716 

lipoma  of,  718 

lipomatosis  of,  717 

myoma  of,  719 

myxoma  of,  719 

myxomatous  degeneration  ot,  717 

osteoma  of,  719 

sarcoma  of,  719 

supernumerary,  715 

syphilis  of,  717 

tuberculosis  of,  717 

tumors  of,  718 
Marantic  thrombi,  58 
Marchi  and  Algeri's  method  for  demon- 
strating myelin-8heatbs,874 
Margarin-crystaJs  in  fatty  infiltration,  71 
Marrow-cells,  375 

Martin's  yellow  for  cancer  stain.  873 
Massive  cerebral  hemorrhage,  791 
Mast-cell  granules,  333 
Mastcells.  333 
Mastigophora,  294 
Mastitis,  acute,  716 

chronic,  716 
Measles,  animal  parasites  of,  308 

bacteriology  of,  287 
Mechanical  agents  as  causes  of  necrosis, 

a5 
Meckel's  diverticulum,  535 
Medicinal  leukocytosis,  34o 
Mediterranean  fever,  292 
Medullary  carcinoma,  186 
infiltration  of  lymphoid  stractarcs  of 
intestine,  549 
Megaloblasts,  337 
Megalocytes,  336 
Megaatoma  entericum,  298 
Meliena  neonatorum,  523 
Melanemia,  342 
Melanin,  pigmentation  by,  90 
Melanosarcoma,  159 
Melanuria,  647 
Membranes  of  brain,  diseases  of.  753 

of  spinal  cord,  diseases  of,  820 
Meningismus,  790 
Meningitis,  epidemic  cerebrospinal,  759 

tuberculous,  760 
Meningocele,  770 
Menorrhagia.  54,  663 
Menstruation,  662 
Mercury,  poisoning  by,  28 
Mcsartcritis,  417 
Mesencephalon,  76.5 
Mcsophilic  bacteria,  200 
Metabolic  pigmentation.  93 
Metabolism,  disorders  of,  33 

in  diabetes.  42 
Metachromatic  bodies,  198 
Metaplasia,  124 
Metastasis.  !>8 

Metastatic  abscesses,  production  of,  57 
Methenioglobin  in  urine,  652 
Methylene-blue,  867 


Methylene-blue    and    eosin    for   cancer 

Mucoid   degeneration   of   bone-nuiTTow,                ^H 

slttin,  »73 

375                                                           ^^M 

Unrm'a  alkulimr,  WtiT 

Mucopurulent  catarrh,  IKj                                  ^^^^H 

polyohromt:,  H*i7 

^^^^H 

Metli.vl-viulut    ruactiun   for  amyluid  ti»- 

Mucous  colitis,  .546                                                ^^^^H 

siif.  S7-i 

patch,  281,  2K)                                                       ^^^^1 

Metritis,  «« 

tissue,  exaiu illation  of,  870                              ^^^^H 

at'utv,  tmi 

Mulberry  ealeuli,  1)42                                              ^^^^H 

chrunie,  (iK7 

Miiller's  solution  for  decalcifying,  861              ^^^^H 

Metrorrlmgiii,  54.  663 

Multiple  sek-rusia  uf  brain,  803                             ^^^^H 

Metschiiikow'a  theory  of    phagocytosis, 

Multipolar  karyokiuesig,  122                              ^^^^B 

a» 

Mumps,  51  li                                                                ^^^^H 

Miasmatic  i]is<»iso,  duBuitiou  u(,  32 

bactoriulugy  of,  2rvs                                           ^^^^H 

Microblaata,  337 

.Mural  eniiucarditis,  384                                       ^^^^H 

Microcephaly.  771 

^^^^H 

Micrococcus,  1!I7 

Mus<-arin,  jKiisouiug  by,  31                                  ^^^^H 

catarrhalis,  2:.'3 

Muscles,  aeliuoniycusis  of,  7.52                             ^^^^H 

eianthcmatieus,  289 

ikmyluid  degeneration  of,  751                          ^^^^H 

MelitciisiR.  •.'tt> 

anemia                                                                 ^^^^H 

tetragenuH,  22^1 

anthrax        7.52                                                   ^^^^H 

iireje  in  urine.  B49 

atrophy  and  degeneration  of,  749                  ^^^^H 

Micrucytcs,  3;!«i 

calcilkatiun  of,  751                                           ^^^^H 

Micru^amctes,  ;ifll 

carcinoma  of,  752                                              ^^^^H 

Microjjaniitocytcs,  301 

chondroma  of,  752                                             ^^^^H 

Micromyelia,  B2ti 

coagulation-iiecrosU  of,  751                               ^^^^H 

Microspiru.  1!»7 

congenital  nnilfonuations  of,  746                   ^^^^1 

MiKdla'is  c'lassiflcatioii  of  bacteria,  197 

diseast^s  of,                                                          ^^^^H 

Miliary  anriirysm,  124 

embolism  of,  74t>                                                ^^^^H 

of  brain.  787 

fatty  degeneration  of,  751                                ^^^^H 

of  spinal  cord,  f31 

infiltration  of,  751                                         ^^^^1 

tnberiU*,  249.  2.V1 

l^liromata  of,  7.52                                                 ^^^^^H 

Milk  aH  I'uUiire-medium,  883 

glanders  of,  752                                                      ^^^^H 

Milk-§pi>ts,  412 

hcnuirrhuges  of,  74l>                                                  ^^| 

Miners'  elbow.  745 

hyaline  dcgeiu'rution  of,  7.'>1                           ^^^^B 

Miied  tumors,  142,  162 

hyiK'reniia  of,  74ti                                                  ^^^^H 

Moist  ganKreiip.  100 

hy|H>rtropliy  of.                                                  ^^^^H 

.Moles,  fleshy,  tfi).". 

iiiHuiumation  of,  747.     See  Jfywitu.              ^^^^H 

hydatid.  (i97 

lipoma  of,  7.52                                                     ^^^^H 

Molluwuiu  liodies,  307 

of,  7.52                                                     ^^^^H 

cr»nUi||tir>»iim.  parasites  of,  306 

osteoma  of,                                                           ^^^^H 

Mononuclear  leak^icytes.  331 

parasitic  disi'ases  of,  752                                   ^^^^H 

Monostoma  tcntis.  32.'< 

pweoi'liriimtous  degeneration  of,  750           ^^^^H 

Monotricbous  bacteria,  ISH 

rhalMloniyiimata  of,  752                                    ^^^^H 

Morbid  anatomy,  definition  of,  17 

sarcoma                                                                ^^^^H 

Morlins  csernlRns,  11^) 

syphilis  of,  7.52                                                               ^^M 

Morphiu,  poisoning  by.  :«) 

thrombosis  of.  746                                                      ^H 

Mus<|aitoe8,  relations  of.  to  malaria,  :i01 

tuberculosis  fjf,  7,51                                                     ^^* 

to  yellow  fever.  2«« 

tumors  of.  7.">2 

Mother-wreath.  122 

MuMtilar  atrnjihy,  myopathic,  760 

Mouiitini;  aerial  liectiuns,  863 

neuropathic.  749 

tissue.  H*i2 

progressive.  719 

Mouth,  anemia  of,  504 

psi-ndohyiMTtrnphic,  750 

circulatory  disturbances  i>f.  •">04 

simple,  7.50 

congenital  abnormalities  of,  .503 

Mycetoma,  27 1 

hemorrbaBcs  of.  5<I4 

Mycojiroteiii.  200 

hyperemia  of.  rifl4 

Mycosis  asiHTgillina.  447 

^B          inflamiuatioii  of,  .~i04 

fungoides.  Hi2 

^B         syphilis  of,  Tyim 

Mycotic  enilocarditis.  385.  386 

^V         tabereulosis  of.  508 

Mydah'in.  pin.sr>ning  by.  31 

'                tumorsof.olO 

Mydatcjxiii,  pois<ming  by.  31 

■             Movable  spleen,  360 

Myelinic  neuroma,  UlN 

^K     Mucin,  hypersecretion  of.  distinguished 

Myclin-aheatbs,  methods  for  demonstrat- 

^B                   from  mucoid  degeneration,  81 

ing,  873 

^V        nature  of,  80 

formalin-ironhematnxylin,  874 

'               staining  of.  83 

March!  and  Algeri'a,  (*74 

Mucoid  degeneration,  60.     See  Dtfentrm- 

Pal's,  874 

lion. 

Weigert's.  873                                            ^^^H 
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Myelitis,  833 
bematogeuous  pamlent,  834 
pressure-.  836 
lecoudHfy  tu  puruleut  leptomeniugitis, 

tiansverae,  secondary  to  ii^jury  or  in- 
fections disease,  834 
Myelocytes,  3X2 
Myelogenous  callus,  725 

osteosarcoma,  161 
Myeloid  sarcoma,  160 
Myeloma,  multiple,  l.'il,  T38 
Myelomeningocele,  827 
Myiasis,  329 

Myoeanlite  s^gmeutaire,  396 
Myocarditis,  £? 

acute,  397 

circumscribed,  397 
difl^i^-,  398 

ebrouic,  400 

parencbymatons,  392 
Myofibromu  of  ovary,  679 

of  uterus,  671 

of  vagina,  69:1 

of  vulva,  69}) 
Myoma  cavernosum,  168 

cysticum,  168 

levicellulare,  168 

of  bladder,  644 

of  intestines,  556 

of  liver,  573 

of  mammary  fcland,  719 

of  stomach,  53U 

ofutems,  168 

striocellnlari',  170 
Myomalacia.  408  i 

cordis,  383  | 

Myoneurnni;i  of  pituitarv  body,  819  ^ 

Myopathic  iiins<'ular  atrophy.  750  | 

Myositis,  74T 

chronic,  748 
productive,  748 
suppurative,  747 

disseminated  acute.  747 

hemorrhasic,  747 

localized  a<'nt<'.  747 

ossificans  proiiri'ssivn,  749 

ossify  inn.  748 

serous.  747 

suppurativi'.  747 
Myxedema.  (>(>•_' 

Myxoid  cystoniata  of  ovaries,  679 
Myxoma,  i:!" 

appearance  of.  1.37 

definition  of.  136 

etiology  of,  i:57 

nature  of,  138 

of  bladder.  644 

of  bone.  737 

of  dura  mater  of  cord.  822 

of  intestines,  'vt.\ 

of  mammary  gland.  719 

of  mouth,  510 

of  ninscles.  7.V2 

of  testicle.  708 

seats  of,  i:i7 

structure  of.  137 


Myxomatona  degeneration  of  mammaty 
gland.  717 
of  testicle,  703 

N.SVU8  lymphaticus,  145 

prominens,  146 
Nasal  catarrh,  acute,  436 
cavities,  active  hyperemia  of,  436 
anatomic  considerations,  436 
congenital  abnormalities  of,  436 
edema  of,  436 
hemorrhage  of,  436 
inflammations  of,  436 
parasites  of,  438 
})assive  hyperemia  of,  436 
syphilis  of,  437 
tuberculosis  of,  437 
tumors  of,  437 
Necrobiosis,  93 
Necrosis,  93 
cellular,  general  pathology  of,  102 
coagulation-,  95 
definition  of,  93 
etiology  of,  94 
fat-,  99 

of  pancreas,  584 
liquefaction-,  97 
of  bone.  732 

of  lymphatic  glands.  367 
of  pancreas,  584  . 

Necrotic  appendicitis,  .544 

inflammation.  119 
Negative  chemntaxia,  107 
Neissor,  gonococcus  of.  224 
Neisser's  method  of  staining  diphtheria 

bacilli,  731 
Nematodes,  317 
Neoplasms.  126.     See  Tumora. 
Nephritis,  (}09.  612 
acute  catarrhal,  611 
degenerative.  611 
desquamative,  611 
difluse,  612 
hemorrhagic.  612 
inflamnmtor.v  lesions  from,  623 
interstitial.  612 
]>arenchyniatous.  611 
arteriosclerosis  from,  623 
arteriosclerotic,  617 
cardiac  changes  from.  623 
chronic,  614 

hemorrhagic,  614 
interstitial,  616 
diffuse.  610 

edema  or  dropsy  from.  624 
embolic  suppurative.  613 
etiology  of,  (ilO 
gouty.  617 
interstitial.  I>10 
parenchymatiius,  610 

chronic.  614 
pathologic  anafnniy  of.  610 

physiology  of.  (>19 
results  of.  623 
isecondary  interstitial.  615 
suppurative,  613 
tube-casts  in,  620 
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Nepliritis,  iiivmuk  rroni,  6^ 

urine  in.  liSl 
Nerve-ct'Il,  unHlnmy  of,  774 

chanKi'-i  ill  nmlci  of,  T7H 

degiMierativu  cliaiiKL-s   in,  us  a   whole, 
T7B 
prnccases  of,  1 1 4 

faoctions  of,  7ttO 

Nlssl'a  metlioil  of  dtuininK.  775 

patholninc  chkilKUt  in,  1 14 

piKnientation  of,  77H 

vacuolization  of,  778 
Nerve-cells,  mcthcKl  fur  demoaatrstinK, 

Ncrve-flbers.  :iuatoniy  of.  TSO 

dcgcncnitiiiii  "*f,  7"*I 

functions  nl',  T"*! 

nietluHl  fur  dt-moiiMtnkting,  1^5 
Nerve-poisous,  'M 
NervcH,  AW 

atmiiliy  of,  fl*) 

degeneration  of,  *50 

edeoiu  of,  830 

hemorrhagM  into,  8n0 

hypereniiit  of,  KVI 

inflamiiiation  of,  ^Xi.    See  also  Neuri- 

(M. 

leprtp:(y  of,  H.'ifi 

muscular  fibers  in,  S56 

regeucration  of,  S51 

sarcoma  of,  •<.">ii 

syphilis  of,  H.'tn 

t«b<Teiilo!iis  of,  HXi 

tuuiors,of,  H.Vi 
Nervous  Hyatoni,  C4>Dtral,  injuries  of.  SOft 
general  pathologic  ainitoiiiy  of.  774 
influence  of,  in  etkilogy  of  edetuu.  (».> 
ill  plieuomenn  of  inlliiiMnuttion,  lOlj 

tisiiiies,  exaruination  of.  HXi 
Xeuriii,  poirioning  hy.  'M} 
Neuritis.  H-Vi 

iMUle  interstitiul.  XVl 

cliroiiic  hy]>ertrupliic  interstitial,  855 
iuterstitiiil.  H.%4 

parenchymatous,  H5.'> 

suppurative.  H.)5 
Neurolilasts.  7<w 
Ni'Uro-epitlielionni.  Iflfi 
Neuroglia,  degeneration  of,  782 
Neuroglia-fiberN,    methods     for    demon- 
strating, 8T<i 
Neuroglioma.  ganglionar.  808 
Seiironm.  Ib7 

iimyelinic.  im 

fttlw.  107 

myelinic.  ItW 

of  suprarenal  bodies,  805 

plexiform,  187 

trne,  187 
Neuron,  description  of,  7(H 
Neuroparalytic  hyperi-niia,  49 
Ncuroi>atliic  arthritis,  743 

hemorrliuge.  .53 

muscular  atiophy,  749 
Neurotic  hrp<<remia.  49 
Sentrophiles,  XSi 
Neutrophilic  grannies,  .'<33 


New-growths,  128.     See  also  Tumort. 

Nigrities  of  tongue,  !i^17 

NiiMl's   method   of  staining    nerve-cells, 

775 
Nitrate  of  silver,  poisoning  by,  'Hi 
Nitric  acid  for  decalcifying,  Slil 

[Hiisoning  by,  26 
Nitrifying  ferments,  202 
Nitrot)enzol,  poisoning  by,  30 
Nitroglycerin,  |><)isoning  by,  30 
Nodes  of  liunvler,  T»l 
Noma,  507 

Nuu-i-'ontugioUH  rli^eiuie,  defluitioD  of,  3S 
Non-siderous  pigments,  itO 
Nornioblu.'itH,  :i.'17 

Nourisliuii'iit.  iusutUcient,  effect  of,  33 
Nueletir  solvitiou,  1U2 

stains,  mWi 
Nuclei  of  cells,  degeneration  of,  102 

of  nerve-cells,  morbid  changes  iu,778 
Niit-U-o-ulliiiniiiinriu,  <!1-i 
Numerical  atropliy,  iKJ 

hypertrophy,  12(i 
Nutmeg-liver.  .Vi9 
Nutrition,  disonlers  of,  33 

Obioiitas  cordis,  .'193 
Obesity,  34 

associated  conditions  of,  3.'> 

causi-s  of.  .11 

pathologic  auutoniy  of,  3-1 
Obligulf  sapruphy'e.H  and  imrasitcs,  200 
ObstriM'tiou,  intestinal,  5.'f7 

of  hrnnchi,  44l> 
Obstructive  thronihna,  60 
Odoutiuoids,  .Ml 
Odoutonm.  i:w.  ."ill 
tKdi'uiB  ex  vacuo,  <>4 
irtiiium  nllii.ans,  '/TO,  508 
Oligemia.  311 
Oligochr<imemia.  347 
Oligocythemia.  ;1I7.  ;!.'>8 
Orni-ntum.  drojisy  of,  ."itH) 
Oophoritis.  It7>i 

chronic,  b7« 
Optic  thalami.  787 
Oiidiitis,  703 

acute,  704 

chronic.  701 
Organic  poisons,  20 

Origanum  oil  for  clearing  specimens,  868 
Osniic  iiciij  for  fixing  nod  hardening.  H80 
si>liition  IVir  texsing,  Ki7 
ill  tissue  examination,  K5H 
Osmosis,  escape  of  fluid  by,  83 
Ossification,  H7 

differentiation    of,  from   calciflcatinn, 
SX 
Ossifying  myositis.  748 

iwchymeningitis.  754 

periostitis,  728 
Ostitis.  72?i 

chr<mic,  72!* 

condensing.  730 
Ostco-arthroimthy,  hypertrophic,  728 
Osteochondroma,  142 
tTsteocloats.  7.'M) 
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Osteoid  chondroma,  142 

sarcoma,  738 
Osteoma,  143 

appearance  of,  143 

definition  of,  143 

dental,  144 

durum,  144 

eburnenm,  144 

etiology  of,  143 

heteroplastic,  144 

nature  of,  145 

of  brain,  809 

of  lungs,  492 

of  mammary  gland,  719 

of  muscles,  752 

of  pleura,  501 

of  testicle,  706 

seats  of,  144 

spongiosum,  144 

structure  of,  144 
Osteomalacia,  733 
Osteomyelitis,  376,  728 
Osteophytes,  143 
Osteoporosis,  inflammatory,  730 
Osteopsathyrosis.  731 
Osteosarcoma,  160 

myeloid,  161 
Osteosclerosis,  709 
Ostitis,  chronic, "729 

deformans,  731  • 

Ovaries,  676 

absence  of,  677 

active  hyperemia  of,  677 

adenocystoma  of,  679 

carcinomata  of,  683 

chondromata  of,  679 

congenital  abnormalities  of,  677 

congestion  of,  677 

cysto-adeuoma  of,  679 

cystoma  of,  papillary,  680 
colloid,  ff(9 
glandular,  679 
myxoid,  679 

dermoid  cysts  of,  661 

development  and  anatomic  considera- 
tions, 676 

dislocation.  677 

fibroma  of,  679 

fibrosarcomata  of,  679 

follicular  c.vsts  of,  679 

hemorrhages  into,  677 

hypopla.sia  of,  (i77 

inflamiuation  of,  678* 

m.voflbroniata  of,  679 

passive  congestion  of,  677 

sarcoma  of.  679 

supernumerary.  077 

tuberculosis  of,  678 

tumors  of,  679 
Oveniction  of  hi-art,  effect  of,  on  circula- 
tion, 4H 
Overfeeding,  effect  of,  33 
Oviducts.     .Sec  Fallopian  tubes. 
O.^alate  of  lime  in  urine.  H50 
Oxali<^aoid,  poisoning  by.  650 

sonrce  of,  in  urine.  43 
Oxaluria,  4:! 


Oxalnria,  alimentary,  43 

Oxidizing  ferments,  202 

Oxybutyric  acid  as  cause  of  acid-iotoxi- 

cation,  37 
Oxyphile  granules,  333 
Oxynris  vermicularis,  318,  557 
Ozena,  437 
Oztena  syphilitica,  437 

Pacchionian  bodies,  762 
Pachydermia  laryngis,  439 
Pachymeningitis,  753 

cervicalis,  821 

external  tuberculous,  of  cord,  821 

hemorrhagic,  753 

internal  hemorrhagic,  of  cord,  82] 

ossifying,  754 

productive,  754 

suppurative,  754 
Pancreas,  583 

amyloid  degeneration  of,  584 

atrophy  of,  583 

carcinoma  of,  587 

circulatory  disturbances  of,  583 

cirrhosis  of,  585 

congenital  abnormalities  of,  583 

cysts  of,  587 

disease  of   islands  of  Langerhans  in. 
584 

fiit-necroeis  of,  584 

hematochromatosis  of,  564 

hemorrhage  in,  583 

hyperemia  of,  583 

inflammation  of,  585 

necrosis  of.  584 

parenchymatous  degeneration  of,  584 

pathologic  phvsiology  of   diseases  of. 
586 

pigmentation  of.  .584 

relation  of,  to  diabetes,  42 

sarcoma  of,  587 

syphilis  of,  58<> 

tuberculosis  of,  586 

tumors  of,  587 
Pancreatic  acne,  588 

calculi,  588 

duct,  588 
dilatation  of,  .588 
obstruction  of,  588 
Pancreatitis.  585 

acute  hemorrhagic,  585 
suppurative,  .58,5 

chronic  indurative,  585 

necrotic,  585 
Pandemic  disease,  32 
Papillary  c.vstoma  of  ovary,  680 

tumors,  131 
Papilliferous  cvstic  adenoma  of  kidney. 
631 

cystoma  of  testicle,  709 

cystoraata,  192 
Papilloma,  171 

hard,  171 

of  bladder,  643 

of  Fallopian  tubes,  688 

of  intestines.  5.53 

of  larynx,  441 
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'          Papilloma  of  month,  510 

Putbologic  technique,  857                                           ^^M 

of  peuis,  7U1 

animal  parasites,  881                                               ^^H 

of  vuj;iuii,  tiUU 

clearing  and  mounting,  868                                     ^^M 

soft,  171 

deeateiliuitiuti,  8I>II                                                      ^^M 

l*»I)illoiuatoii3  tumura  of  vulv»,  699 

euiUedding,  MJl                                                             ^^M 

Pttnicbruiuopljurii;  hiurttria.  -^iri 

vxumiiiution  uf  fretib  NiievimuDB,  857                   ^^| 

Paracolon  iiiffttioii,  S-i--^ 

of  s|H.'ciul  tia.4nt'it,  Mil)                                          ^^M 

PHraitoxte  eiuboliaiu,  ^j 

fixing  and  bardeiiiiig,  858.     Sue  also                   ^^M 

I'ttrulliii  motlKMl  of  eraU'ddiug.  861 

^^M 

Piiralysis,  (feiicral  progressive,  >HU 

grotiA  pathologic  sjiveiiuen!!,  880                            ^H 

Fiiramecium  eoU,  ^7 

■tains,  Mil                                                                       ^^H 

Purametritk,  G&t 

atvps  lor  treating  si'Ctious,  bUU                             ^^M 

Parajibimosis,  700 

Pathology,  detiiiition  of,  17                                              ^^M 

Paranit^t,  iOK 

general,  17                                                                          ^^M 

animal,  'J!)4 

special,  3;)U                                                                        ^H 

euilwliHui  by,  55 

Patulous  ductus  UuUlli,  380                                         ^H 

in  etiology  of  iliseue,  33 

Pearl  disease,  'Syi                                                           ^^H 

of  blood,  3.-)8 

Pelvis  of  kidney,  6.14                                                      ^H 

of  hone,  738 

caleiilns         lIXi                                                           ^^H 

of  broncbi.  447 

inflaniuiatiun  of,  635                                     ^^^^^H 

of  heart,  400 

malformatiuus  uf,  634                                   ^^^^^H 

of  inteatine.  556 

tuberculosis  of,  636                                        ^^^^^H 

of  kuJiiey,  633 

tumors  of,                                                        ^^^^^^| 

of  larynx.  443 

Penis,  700                                                                     ^^^^H 

of  liver,  .57li 

angioma  of,  703                                                ^^^^H 

of  lauiiB,  475 

CMrcinoma  of,  701                                                         ^^H 

of  lymphatic  veamls,  435 

condyloma  acuminatum,  701                                   ^H 

of  nu<al  tavitics,  438 

congenital  abnormalities  of,  700                               ^^| 

of  pericanlium,  414 

eystfl  of,  701                                                                         ^^M 

of  peritoueum,  5% 

epithelionnt  of.  701                                                       ^^H 

of  pleura,  TiOi 

fibroma  of,  70'J                                                                   ^H 

of  spleen,  .'Mi") 

infiammalinn  of,  700                                                       ^^M 

of  thyroid  sland.  601 

iiijurii-s  of,  702                                                              ^^H 

of  ureter.  fi:r7 

li|Hnna  of,  702                                                                ^^H 

^B        of  aterus,  676 

papi  1 1  o  m  a  of.  70->                                                              ^H 

^^B       staiiiinfi  of.  879 

tiiheri'ulosis  of.  703                                                          ^^M 

^B       vegeUble,  31.  3.58 

tumors  of.  70]                                                                ^^M 

^^B  Parasitic  disease,  definition  of,  33 

Penta-stomum  eonstricfnm,  329                                      ^^M 

^^m      stomatitis,  508 

dcnticulatum.  338.  .577                                               ^^B 

^^        theory  as  to  origin  of  carcinoma,  177 

lipriinidi>s.  :\29                                                                  ^^B 

1            Paratyphoid  infection.  VJW 

Peptic  nicer  of  intestine,  .542                                      ^^| 

1^^    Parencbyma-poisonH.  26 

ofxtomach.  .536                                                  ^^^^^H 

^H  Parenchymatous  encephalitis,  798 

Peptone,  formation  of.  .t?                                     ^^^^H 

^^B      glossitis.  .507 

poisoning  by.  30                                                     ^^^^^H 

goiter,  588 

Peptonuria,  38                                                                ^^H 

degeneration,  68.     See  C/ai«iy  twelling. 

Perforative  peritonitis,  591                                               ^H 

of  heart,  .193 

Periangiocolitis.  .571                                                         ^^ 

of  kidney,  625 

Periarteritis.  417 

of  lirer.  .563 

n'Klosa,  418 

of  mascles.  750 

Peribronchial  fibrous  pnenmonia,  473 

of  pancreas.  .584 

Peribronchitis.  440 

1              hemorrhage.  .52 

Pericarditis.  410 

her>atitu,  .566 
inflammation.  Ill,  116 

associated  conditions  of,  413 
dry.  410 

nephriti<i.  610 

fibrinooB.  4|il 

acutv.  611 

hemorrhaeic,  412 

^^_          chronic  i!14 

interna  et  externa.  414 

^^m      neuritis.  -vV) 

purnlent,  413 

^^B      tissue,  regeneration  of.  124 

serofibrinous.  411 

^^H  Riroophoron.  677 

terminations  of.  413 

^^P  Parotitis.  518 

Pericardium.  378.  400,  412 

^^■^  Parovarium.  677 

actinomycosis  of.  414 

f             eysts  of.  6i*i 

hemorrhages  in.  410 

t         Paroxysmal  hemoglobinuria,  848 

hyperemia  of.  410                                                 ^^^^J 
inflammation  of.  410                                          ^^^^^M 

^^K  I^UBire  hyperemia.  .50 

^^■Patboloeie  anatnmv.  definition  of,  17 

parasite*  of,                                                          ^^^^H 

^^*      ebemistrr.  definition  of.  17 

syphilis  at.  414                                                    ^^^H 
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Pericardium,  tabercolosis  of,  414 

tumon  or,  414 
Perichondritis  of  larynx,  439 
Perihepatitis,  571 

hyperplastic,  ^4 
Perilymphangitis,  476 
Perimastitis,  716 
Perimetritis,  663 
Perinephritis,  609 
Peri-orchitis,  705 

prolifera,  705 
Periosteal  callus,  725 
Periostitis,  727 

ossifying,  728 

purulent,  728 

simple,  727 

syphilitic,  736 
Peripheral  nervous  system,  848 
Periproctitis,  546 
Periprostatitis,  710 
Perisplenitis  cartilagiuea,  364 
Perithelioma,  157 
Peritoneum,  588 

carcinoma  of,  595 

circulatory  disturbances  of.  589 

congenital  abnormalities  of,  588 

dropsy  of,  589 

echiuococcus  cysts  of,  596 

fibromata  of,  595 

hemorrhage  of,  589 

hyperemia  of,  589 

inflammation  of,  590.    See  Peritimitit. 

lipomata  of,  595 

parasites  of,  596 

sarcoma  of,  595 

tnberrulosis  of,  594 

tumors  of,  ,'i95 
Peritonitis,  .'>90 

acute  general,  .'i92 
localized,  .592 

chronic,  593 

hemorrhiigio,  .59."1 

idiopathic.  .'i91 

micro-organisms  of,  .592 

perforative,  .591 
Peritrichous  bacteria,  199 
Perityphlitic  abscess,  .545 
Perityphlitis,  .543 
Periurethral  abscess,  6.54 
Perivascular  fibrous  pneumonia,  473 
Pes  calcaneus,  739 

eqninus,  7.30 

valgus.  7,39 

varus.  739 
Petechia,  definition  of,  .54 
Pfeiffer's   phenomenon,  explanation  of, 

217 
Phagedenic  ulcer.  115 

ulceration  of  cervix  uteri.  666 
Phagocytes.  209 
Phagocytosis,  208 
Pharyngitis,  catarrhal,  512 
chronic.  512 

phlegmonous,  513 

pseudomembranous,  ,513 
Pharyngomycosis  leptothricia,  279,  517 
Pharynx,  anemia  of,  512 


Pharynx,  diphtheria  of,  516 
edema  of,  512 
glanders  of,  517 
hemorrhages  of,  512 
hyperemia  of,  512 
inflammation  of,  512 
lepra  of,  517 
pressure-necrosis  of,  515 
syphilis  of,  517 
tuberculosis  of,  .517 
tumors  of.  517 
Phimosis,  700 
Phlebectasia.  431 
Phlebectatic  elephantiasis,  432 
Phlebitis,  430 
acute,  430 
chronic,  430 
Phleboliths,  62,  430 
Phlebosclerosis,  430 
Phlegmonous  cystitis,  640 
esopbagitis,  520 
inflammation  of  vulva,  698 
pharyngitis.  513 
stomatitis,  506 
tonsillitis,  514,  515 
Phlogogenic  bacterial  proteins,  201 
Phloridzin-glycosuria,  40 
Phoepliates  in  urine,  6,50 
Pbosphatic  calculi,  642 
Phospbaturia,  43 
Phosphoric  acid,  excessive  formation  of, 

in  body,  .36,  42 
Phosphorus,  poisonous  action  of,  27 
Pliotogenesis,  205 
Phragmodiothrix.  197 
Phthisis,  fibroid,  484 
Physonietra.  661 
Pia  mater,  cerebral.  7.50 
anemia  of,  7.56 
cholesteatomata  of,  763 
edema  of,  7.5(> 
endotlieliimia  of.  762 
hemorrhages  of,  7.56 
hyperemia  of,  7.56 
inflammation  of,  757 
lipoma  »f.  763 
syphilis  of.  762 
teratomata  of.  764 
spinal,  828 

calcareous  infiltration  of.  822 
hyperemia  of,  822 
inflammation  of,  822 
syphilis  of.  823 
tuberculosis  of.  823 
Pick's  n>ethod  for  staining  gross  patho- 
logic specimens.  880 
Pick-Jacobsohn's  contrast  stain.  887 
Picrocarniin.  865 
Pigment-bnilding  cells,  93 
Pigment-nietastases,  92 
Pigmentation,  88 
by  cutaneous  al>sorption.  89 
by  foreign  Iwdies.  88 
by  hemoglobin-derivatives,  90 
by  salts  of  silver,  88 
from  the  oxterior,  88 
hematogenous.  89 
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Pigmenbition,  hep*togeoong,  92 

local,  91 
metabolic,  93 
of  bone-marrow,  3T."i 
of  choroid  pleziis,  «il2 
of  iiitestiuei),  539 
of  liver,  se-i 

of  lymphatic  glauda,  367 
of  mucosa  of  stomach,  52i) 
of  nerve-cell,  778 
of  pancreas,  584 
of  red  blood -corpuscle,  33H 
of  spinal  pia,  t)22 
of  spleen,  364 
of  suprarenal  bodies,  604 
PiKmented  sarcoma,  159 
Pineal  Kland.  767,  820 
Pin-worm,  318 

Piorkowski's  nrin-gelatin,  885 
Pituitary  body,  S16 
adenoma  of,  819 
amyloid  degeneration  of,  818 
colloid  deiteneration  of,  8IH 
cysts  of,  819 
hemorrhaee  into,  818 
hyperemia  of,  8H 
hypertroi'hy  of,  817 
inflammation  of.  818 
lymphosarcoma  of,  819 
relation  of.  to  acromegaly,  819 
sarcoma  of,  819 
softening  of,  818 
sypliilis  of.  818 
tulM.TCUl(l»}»  of.  818 
tumors  of,  818 
Placenta.  «!« 
abnormal  <lev<-lopnient  of,  694 
hemorrhage  into.  (i95 
inflammation  of.  6tK> 
previa,  694 
sncceiituriati.  694 
syphilis  of,  fJiKi 
tuberculi«i'<  of,  Hilfi 
Placental  infarcts,  695 

(Mjlyps,  696 
Placentitis,  695 
Planocoecns,  197 
Plaiiosarcina.  197 
Plaijues  jauncs.  797 
Plasma  of  blood.  :V.iO.  3.i"> 

liathologic  changes  in.  .139 
Plasma-celN.  IiW 
Plasni'xlia.  -iM) 

Plate  cultures  of  aniicrohlc  Itactoria,  891 
Plehn's  mi'lhixl  ofHtuining  parasites,  87i> 
Plethora.  :M0 
a|HM'optica.  340 
hvdrcniica.  310 
vcni.  :ilO 
Pleura.  4!».') 
circulatory  disturbances  of,  49<> 
inllaniniation  of.  4!t7 
par.tsites  of.  Tjffi 
passive  liyiM-reiniii  «»f.  VMi 
peti'diial  liciiH>rrliai!es  of,  4!Hi 
syphilis  of.  TM 
tuhcrculo''ls  of.  ."lOl 


I  Pleura,  tumors  of,  501 

■  Pleurisy,  497.    See  Pteuritii. 

bread-and-butter,  498 
,  Pleuritis,  497 
fibrinous,  498 
hemorrhagic.  499 
purulent,  49!l 
I      serofibrinous,  499 
i  Pleurogenic  fibrous  pneumonia,  473 
!      pneumonia.  4.'>!l 
i      purulent  pueumouia,  476 
I  Plexiforni  angiosarcoma,  157 

neuroma,  167 
.  Pueumaturia,  647 
I  Pneumonia,  4.'i9 
alba,  474,  49U 
aspiration-,  465,  468 
catarrhal.  464 

bacteria  of,  228 
cheesy,  459 

congenital  syphilitic,  474 
crimimus,   22.5,    459.      See   PHeiimonia, 
fibrinoiiD. 
bacteriology  of,  225 
deiilutition-,  465 
desiccans,  476 
fibrinous,  4,59 
as.sociated  lesions  in.  463 
etiology  of.  4.")9 
pathologic  anal(mir  of,  4<iO 

l>hysioli>gy  of,  463 
stage  of  congestion  or  engorgement, 
4«0 
of  consolidation   or   hepati7jition. 

461 
of  resoluticm  in,  462 
unusual  terininntions  in,  463 
usual  characters  of.  462 
fibrous,  471 
peribronchial.  473 
[MTivascnlar.  473 
pleurogenic,  473 
secomlary.  473 
heinato:;cnic.  4.59 
hypostatic.  46.").  46H 
lobar.  4.59.     Sei'  /^4fHmont<i,  Jfftrinon*. 
lolinlar.  464 
niiunins.  460 
pli'urogenic,  4.59 
productive.  471 
purulent.  474 
bronchogenic.  474 
hcmatc»genic.  47.5 
pleurogenic,  476 
tubercular,  228 
tuberculous,  469 
Pneumonic  tuberculosis.  469 
t'nennionokoninsis,  86.  471 
Pnenmonomycosis  aspergillina,  3.57,495 
Pneumopericanlium.  414 
PncnniopyoiM-ricardium.  415 
Pneumothorax.  496 
Poikilocytosis,  .'1.37 
Poisons,  action  of.  in  general,  24 
bIoo«l-,  2)» 
classification  of,  25 
corrosive,  26 
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Poisons,  effect  of,  25 

elimination  of,  25 

fate  of,  after  ingestion,  24 

immunity  to,  25 

in  etiology  of  disease,  24 

necrosis  from,  94 

nerve-,  30 

organic,  26 

parenchyma-,  28 
Polar  body  stain,  887 

field,  122 

spore,  198 
Poliomyelitis,  acute  anterior,  837 

chronic  anterior,  845 
Polycholia,  582 
Polychromatophilia,  337 
Polycythemia,  343 
Polymastia,  715 

Polymorphonuclear  leukocytes,  332 
Polymorphous  heredity,  39 
Polymyositis,  747 

secondary  acute,  751 
Polynenritis,  855 
Polynuclear  leukocytes,  332 
Polypoid  elevations  of  stomach,  539 

growths  of  bladder,  643 

outgrowths  from  tooth-pulp,  511 

tumors,  131 
Polyps,  nasal,  437 

placental,  697 

of  utems,  691 
sarcomatous,  673 
Polyuria,  645 
Pons,  anatomy  of,  767 
Porencephaly,  784 
Portal  vein,  embolism  and  thrombosis 

of,  560 
Port-wine  stains,  146 
Posterior  sclerosis  of  spinal  cord,  839 
Posthitis,  700 
Post-mortem  alterations,  102 

circulatory  phenomena,  103 

degeneration  of  tissues,  103 

lividity,  48 
Pota&sium  acetate  in  tissue  examination, 
858 

chlorHte,  poisoning  by,  30 

ferrovyanid  methoid  for  demonstrating 
iron  in  tissue,  871 

hydrate  in  tissue  examination,  858 
Potato  extract  as  culture-medium,  883 

medium,  solid,  preparation  of,  884 
Precipitin,  218 

Predisposing  causes  of  disease,  18 
Predisposition  t<>  disease,  18 
Pregnancy,  abdominal,  691 

extra-uterine,  689 

interstitial,  689 

tubal,  689 
Prepuce,  concretions  under,  702 

inflammation  of.  70O 
Pressure,  eflTect  of.  on  tissues.  19 
Pres.sure-myolitis,  8.'j<! 
Pressurc-nccroiiis  of  pharynx,  515 
Primary  anemias,  349 

gangrene,  100 

thrombus,  60 


Processes     of    nerve-cell,    d^;enerative 

changes  in,  774 
Proctitis,  546 
Productive  inflammation,  115 

myositis,  chronic,  748 

pachymeningitis,  754 

pneumonia,  471 
Proglottides  of  tape-worms,  309 
Progressive  muscular  atrophy,  749 

pernicious  anemia,  3iil 

spinal  muscular  atrophy,  845 

tissue-changes,  125 
Projection-fibers  of  brain,  766 
Prolapse  of  rectum,  539 

of  uterus,  659 

of  vaginal  walls,  691 
Proliferation-cysts,  191 
Proliferative  cystomata,  192 
Prosencephalon,  765 
Prostate  gland,  710 
abscess  of,  710 
atrophy  of.  711 
carcinoma  of,  714 
concretions  in,  711 
cysts  of,  714 

fatty  degeneration  of,  711 
hypertrophy  of,  711 
inflammation  oif,  710 
sarcoma  of,  714 
tuberculosis  of,  711 
Prostatitis,  710 

phlegmonous,  710 

simple,  710 

suppurative,  710 
Proteins  produced  by  bacteria,  201 
Proteolytic  ferments,  202 
Proteus  infection, 290 
Protozoa,  294 
Psammoma,  87,  162 
Psammoma-bodii-s,  86,  680 
Pseudarth  roses,  726 
Pseudodichotomy  of  bacteria,  199 
Pseudodiphtheria  bacillus,  230 
Pseudohypertrophic  muscular    atrophy, 

7.50 
Pseudoleukemia,  150,  358 

cutis,  163 

infantum,  358 
Pseudomembranous  cystitis,  641 

enteritis,  542 

esophagitis,  519 

gastritis,  .523 

pharyngitis,  513 

stomatitis,  506 

vaginitis,  692 
Pseudomonas,  197 
Pseiidomncin.  81 
Pseudoplasras,  12t).     See  Tamon. 
Pseudotrichinosis,  748 
Pseudotuberculosis,  257 
I'sorospermiie.  303 

in  liver,  576 

in  pelvis  of  kidney,  637 

Psycbrophilic  bacteria,  200 

Ptomains,  poisoning  by,  31 

Puerperal  infections  of  uterus,  667 

etiology  of,  667 
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^M 
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H 

Puerperal  infwctioua  of  utenH,  pathologic 

Regeneration  of  fibrous  couuectivo 

^M 

ttiiutoiuy  of.  (HW 

sued,  123 

^^H 

Puliiiimiiry  iirtury.  stuiJusis  anil    atriaia 

of  nerves.  «.")! 

^^1 

uf,  J7!» 

uf  parenchymatous  tissue,  124 

^^1 

infarcts,  58 

patUolu^ic,  122 

^H 

Pulsioii-divertioula  nf  e,so|ibagu».  ">'iO 

imatomy  ot,  122 

^H 

Puuctotfl  cerultrai  lieuiurrliuge.  7U1 

Kelaipsing  appendicitis,  ."i4o 

^^^ 

Pijnili'iit  arthritis,  711 

fever,  275 

^^^^^^M 

lyiuplmii^itii,  J7*i 

Kemote  heredity,  la 

^^^^^^M 

myi'liti^.  liL'iimtugeiioaB,  11131 

Itcnal  calculi.  (i35 

^^^^H 

porifariiitia,  412 

'•  rests,"  (J03 

^^^^^^ 

poriostitis,  728 

sand.  635- 

^^^^^^1 

pK'Uritis,  499 
putiumouia,  474 

Keproduetive  organs.  iiis«'asc3  of,  lOT 

^^^^^1 

Besulutioii  after  inllammutiou,  12() 

^^^^^M 

vagiuitJH  teHtis,  7<)6 

Beapiratory  system,  diseases  of,  43ti 

^^^^^M 

Pustule,  muli^iiaut,  '26S 

Reteution-cysla,  191 

^^^^^M 

PutrL'factioii,  v»>2 

Retina,  glioma  of,  lli»i 

^^^^^M 

Pyelitis,  tjl)!l,  (i:15 

Kelri)lle.xion  of  uterus,  liTiO 

^^^^^M 

Pyelouepliritia,  (136 

RetroKmile  embolism.  .Vi 

^^^^^M 

suppurative,  613 

Eetrogressive  prcH'csscs,  iki 

^^^^H 

Pyemia.  :iDli 

Batroperitoneal  hernia,  53fl 

^^H 

Pvkiioiuorphous  state,  777 

Retropharyngeal  ulwcess,  513 

^H 

P'vkiioals,  lOJ 

Retro-uterine  hematocele.  t)63 

^H 

Pylephlobiti*,  561 

KliulHlinuyoma,  170 

^^M 

Pyocyanosf,  210 

uf  muscles,  752 

^^^^^M 

Pyui^enir  ulbuiiiosuria,  Hll 

i.f  testicle.  70M 

^^^^^1 

bacterial  protviiis.  'Ml 

Rhabiloinyosarcoma  4»f  kiilney,  630 

^^^^^M 

mumbrune,  114 

Ehachiscbisis,  770 

^^^^^M 

Pyuid  iimrrow,  :{78 

BheuniBtism,  baeteriology  of,  291 

^^^^^M 

Pyoiii-plimsis,  BTlfi 

Khcuinatoiit  nrthritis,  741 

^^^^^M 

Pyurriiistt  alveoluris,  506 

Rhinitis,  acute,  4:<i! 

^^^^^M 

Pvosalpiux,  ii-47 

atrophica,  437 

^^^^^M 

PyntUonn,  49f* 

chronic,  437 

^^H 

Pyratiiidal  tnict.  deKoiu^ratimi  of.  794 

diphtheritic,  437 

^^M 

Pyrosotua  bigomiiiuin,  3(K 

Rhiuolitha,  4.-» 
Rhinosclernma,  229 

^^H 

Qi'ABTAJf  malaria,  organism  of,  300 

ftflt«ti«na  of  na.'wl  csivitiea  in,  4;i7 

^^^^H 

Quinsy,  514,  515 

Elui|ialr>ceplmlu»  carciiiomatosus,  30fi 
Rice-water  stools  of  cholera,  tHH 

^™ 

EiiBlER.  bactcrinlinty  of,  239 

Bicin,  poisoning  bv,  28 

^H 

RmtvmoAe  uilrnutua.  173 

Vkketa,  722 

^^t 

cysticerci,  310 

congenital   724 

^^M 

Rachitic  rosary,  723 

Rigor  mortis.  102 

^^M 

Rachitis.  Tii 

Romanatvsky's  niethw]  of  staining  p. 

ira-             ^^M 

Ranula,  "ilO 

sites.  S79 

^^^^H 

KauuliB,  191 

Round  ulcer  of  stomach,  .520 

^^^^H 

Kiiv  fuiiRnH.  270 

worms,  317 

^^^^H 

ifcctocele,  Hiai 

Round-cell  iiitiltnitiiiii.  107 

^^H 

vaginal.  IWI 

Riuind-celled  sareiuiift,  15.1 

^^1 

Rectum,  iiitlrnniniition  of,  546 

Roux's  method  of  cnltivntiiig  anaerobic 

proliips.-  i>r.  ."):)ii 

hacterln.  HPl 

Recurrent  filiroiil  tumor.  154 

Rubeola,  2j*7'     See  Measlen. 

Kfcurring  app<'ri(licitis.  515 

Huptnre  of  hlridder.  «;t9 

Re<l  atrophy  i>f  livRr,  .5.59 

of  iutestiiu's.  .'i.">7 

blood-corpuscles,   330.      See   Blood-cor- 

of  liver,  .'i71 

pifcle. 

of  uterus,  W2 

nacli-atcil,  ;i.'r7 

Russell's  fuchsiu  Imdies,  examination 

of, 

gr;»iviilar  kiilncy.  G17 

872 

hepatization  of  luiii:,  4i;i 

sJifteniuK  of  brain.  7iMi 

Saccular  aneurysm,  43'1,  425 

Reducible  hernia,  .'■i.'i7 

bronchiectasis,  447 

Regeneration.  I'Jl 

Snfranin,  8fi7 

definition  and  etiology  of,  121 

Siaeo  spleen,  7f!l 

normal,  121,  122 

Salivary  duets,  rmieretions  in,  519 

of  bone,  724 

cystic  dilatation  of,  519 

of  connective  tissues  other  than  flbroas, 

diseases  of,  .518 

124 

1      ftstuliB,  518 

1 
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Salivary  glands,  iDflammation  of,  618 

tumoTB  of,  51H 
Salpingitis,  tiHS 

acute,  685 

chronic,  687 

diphtheritic,  686 
Sansrelli's  bacillus,  285 
iSapreuiia,  206 
Saprophytes,  200 
Sarciua,  197 
Sarciuffi  ventriculi,  530 
Sarcolactic  acid,  excessive  formation  of, 

in  body,  36 
Sarcoma,  151 

alveolar,  156 

appearances  of,  132 

blood-veiisels  of,  153 

giant-celled,  160 

myeloid,  160 

nature  of,  154 

of  bone,  737 

of  brain,  808 

of  cervix  uteri,  673 

of  dura  mater  of  cord,  822 

of  Fallopian  tubes,  680 

of  intestines,  553 

of  kidney.  630 

of  liver,  573 

of  lungs,  493 

of  lymphatic  glands,  375 

of  mammary  ^land,  719 

of  mouth,  510 

of  muscles,  752 

of  nerve,  856 

of  ovaries,  679 

of  pancreas,  587 

of  peritoneum,  595 

of  pituitary  body,  819 

of  pleura.  501 

of  prostate,  714 

of  spinal  cord,  849 

of  spleen,  365 

of  stomach.  .'J.TO 

of  suprarenal  bodies,  605 

of  testicle,  708 

of  thymus  gland.  .'577 

of  thyroid  Bland.  601 

of  tooth-pnip.  511 

of  urethra,  K>! 

of  uterus,  673 

of  vagina.  6!)."! 

of  vulva.  699 

osteoid.  739 

pigmented,   \h9 

round-celled,  155 

seats  of,  153 

spindle-celled.  l.'>4 

structure  of,  1.13  ] 

.Sarcomatosia.  153  ^ 

Sarcomatous  cylindromata,  1.58 

polyps  of  uterus,  673 
Sarcosporidia,  .301 
Sarkodina,  294 

Saturated  solution  of  ensin,  alcoholic,  for 
differential  staining,  867 
watery,  for  differential   staining,  \ 
867  I 


Scarlatina.     See  Scarlet  fever. 
Scarlet  fever,  animal  parasites  of,  306 

bacterium  of,  88 
Scirrhous  carcinoma,  186 
Sclerosis  of  brain,  atrophic,  783 
diffuse,  782 
disseminated,  783 
hypertrophic,  784 
lobar,  803 
multiple,  803 
of  spinal    cord,   amyotrophic    lateral, 
844 
combined,  845 
posterior,  839 
Scolez  of  tape-worm,  309 
Scrofula,  371 
Scrotum,  700 
cysts  of,  701 
elephantiasis  of,  701 
epithelioma  of,  701 
Seat-worms,  318 
Secondary  anemia,  347 
gangrene,  100 
tbrnmbus,  60 
Segmentation,  indirect,  122 

of  fibers  of  heart,  396 
Seminal  vesicles.  714 

diseases  of,  715 
Senile  arthritis.  741 
atrophy  of  uterus,  670 
emphysema  of  lungs.  4.56 
Septicemia.  206 
Septic  endocarditis,  38.5,  386 
Sequestrum,  732 
Serofibrinous  pericarditis,  411 

pleuritis,  499 
Serous  arthritis,  741 
inflammation,  112 
myositis.  747 
vaginitis  testis,  705 
Serpents,  venom  of.  {loisoning  by,  29 
Serpiginous  ulcer.  115 

hy|)ertonicity  of,  .340 
Serum-agar,  preparation  of,  884 
Serum uria,  647 
Shadow  corpuscles.  337 
"  Shaven-beard  "  appearance,  5.50 
Siderosis.  88,  473 
Sidcrous  pigments,  90 
Silver-.salts,  pigmentation  by,  88 
Smegma  bacillus.  255 
Sodium  hvdrate  in  tissue  examination, 

a">8 

Soft  chancre,  284 
papilloma,  171 
Softening  cysts.  191 
Special  i)atholngy.  330 

definition  of.  17 
Spermatocele.  T05» 
Sphacelinic  acid,  2S 
Sphacelus,  lOii 
Spina  bifida,  WO 
Spinal  cord.  820 

abiiornial  sniallness  of.  826 

nnatiimy  of.  8'-'l 

anemia  of.  831 

aneurysms  of,  831 
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Spliiul  curd,  blood -vci««ls  of,  degeuera- 

S)dcnic  anemia.  349 

tioii  of  walls  of,  830 

fever,  2(i5 

carciuoaia  of,  »J!» 

stoue.s,  3til 

tysts  of.  Ml) 

Splenitis,  :itil 

degenerations  of,  necoudary,  817 

circumscribed,  362 

development  of,  7t>4 

diOuse.  ■Ml 

double.  rCMi 

s|io<liigrniius.  1164 

Kli'iiua  uf,  Hlil 

Spleriiuaioii  of  lung-tissue,  451,  458 

liyixreniift  of,  H-'U 

S|uidogeuous  splenitis,  3t>4 

intiauiiaiitioiia  of,  t<a3 

S{Hhugiohlusts,  7b'4 

primary  degeiuriitiona  of.  839 

Spore*!  of  hucleria,  108                                                                         ] 

urcoms  of,  *J!t 

htaiiiiiig  of,  M<7                                                                             1 

ficleroAis  of,  utnyotropbic  lateral,  n44 

Sporo/ou,  2!H 

combined,  84.5 

SijuamouR  cancer  of  stomach,  534 

posterior,  Sta 

epithelioma,  184 

total  absence  of,  8-26 

Stain,    diUereiilial,    for    di|)lilheria    and 

tnniors  of.  H4!) 

pseudoilipiitheriu  UKiHuB,S»7 

unusual  IcnRth  of,  H26 

.Staining  of  Imettria,  8ati 

varieijse  veins  of.  KfcJ 

Stains,  ruH 

white  matter  of,  degencratiou  nl,6ili 

auilin,  cM>6 

ganglia,  disea-ie  r>r,  HfMI 

contnmt,  Pick-Jacobaoha's,  687 

Spindle-eelled  Siireoma,  I.H 

differential,  8b7 

Spindle-sliape'l  piiieurysiu,  424 

unclear,  isti."! 

Sjilrillueea'.  1!I7 

Blapbrlococcus  epideruiidis  albug,  220 

Sliirillum,  1H<>.  107 

pyogenes  albus,  220 

Bcrolinensis,  -.>l.'i 

aureus,  21!) 

cholene  .^siaticii',  240 

citreua,  220,  292 

IJiitlioKenii'ity  of,  241 

flavHS,  291 

Metschnikovvi,  24;i 

.Starvation,  3;i 

of  Finkler  and  Prior,  343 

.Stasis  of  bloixl,  .50                                                                           i 

tyrogenicum,  24-1 

Stkubzclleu,  471 

Spirmrliitita,  1!17 

Stegomyia  fas<:iu,  286 

OI«-riueii«ri,  27."i 

Stenosis  of  hiliury  duets,  579 

Sjiirosoma,  1H7 

of  esopluiKUs.  .'>-,l) 

Splttuehiioptcwis,  529 

of  Kiillopiun  tube«,  H84 

8plei-n,  XiH 

of  beart-vulves,  389 

abnorninl   developraeut  And  sitaation 

of  lnU«tiucs,  .535 

of.  .-JiMl 

of  uterus.  »I61 

abseess  of  .•!fi2 

of  vjigina.  H9\ 

amyloid  degeneratiou  of.  3G4 

-Stercoral  lyplilitis.  .5-13 

anemia  of,  3t!() 

Stonuicl),  udenocnrciuoiaa  of,  .534 

angioma  of,  ,%'> 

adenomatous  proliferation  of  glands  of. 

atrophy  of,  3H.3 

.5,tl 

ealoification  of,  .'U>4 

alteration  in  imsitinn  of.  ,529 

carrinoma  of.  3*k) 

amyloid  degeneration  of  snbmucosa  of. 

cliniitii-  liy|>erplasi»  nf.  3t>3 

,529 

iollammution  of.  .Ki.1 

aucniin  of,  ,522 

circulatory  di^turbauces  iu,  360 

anthrax  of,  .5:iO 

cougestiou  of.  '.UH) 

atrophy  of.  .528 

cysts  of.  3<1."> 

eali-iiication  of  niucosn  of, .529 

embidism  of.  :tii<i 

cancer  of,  .531 

bemorrhages  in,  :Mi() 

curcinoinn  of.  .5.31 

hyaline  degemration  of.  364 

cin-uliitory  disturbances  of,  .522 

hyperemia  i)f,  IKIO 

colloid  cujiccr  of.  ,5.31 

infectious  diseusefl  of,  '.Mio 

congenital  defect*  of.  522 

inflaiuQiation  of.  .'Kll 

cylindrical  cancer  of.  .5.M 

lymphadenoma  of,  364 

degeneration  of  mucous  membrane  of. 

movable.  iifiO 

528 

I>anisitcs  of.  364 

dilatation  of.  .529 

pathologic  physiology  of,  360 

atonic.  .5.30 

1           pigraontntioH  of.  :i<U 

displaiM>ments  of.  .529 

1           sareonjH  of  :t<t.'i 

fatty  degeiienition  of  cells  of.  528 

syphilis  of.  :t<i(i 

gastri<'  ulcer  of.  .526 

t"hromIiosi«  of.  .'tfil 

hemorrlmKc  of.  .522 

tuberculosis  nf.  M'> 

hyjieremiii  of.  52-i 

tumors  of.  3(i.| 

infectious  diseases  of.  .530                                                         | 

Spleiiemia,  355 

iuflammHtion  nf.  ,511                                                                  i 
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Stomach,  influnmation   of    mnooaa  of, 
523 

malignant  adenoma  of,  534 

peptic  ulcer  of,  526 

pigmentation  of  maco«a  of,  588 

polypoid  elevations  of,  530 

round  ulcer  uf,  526 

softening  of  walls  of,  529 
qnamous  cancer  of,  531 

syphilitic  gummata  of,  530 

thrush  of,  530 

tuberculous  ulceration  of,  530 

tumors  of,  530 
Stomatitis,  504 

aphthous,  505 

associated  conditions  in,  507 

catarrhal,  504 

gangrenous,  507 

leukemic,  50y 

parasitic,  506 

phlegmonous,  506 

pseudomembranous,  506 

ulcerative,  505 
Stone-particles,  pigmentation  by,  88 
Strangulated  hernia,  537 
Strangulation,  internal,  of  intestines,  537 
Stratified  thrombi,  60 
Streptococci  in  kidney,  634 
Streptococcus,  197 

intracellularis  meningitidis,  822 

pyogenes  sen  erysipelatis,  221 
Streptococcus-toxin,  222 
Streptothrix,  197 

Haduiw,  274 
Stricture  nf  urethra,  655 

syphilitic,  553 
Stroke  cultures  on  agar  plates,  889 
Strongyloides  intestinales,  321 
Strongylus  longevaKinatus,  325 
Struma,  597.     See  Goiter. 

aberrata  snprarenalis,  630 

adenomatosa,  599 
Strumitis,  acute,  597 
suppurative,  .597 
Sublimate  solution  for  fixing  and  harden- 
ing, a59 
Submucous  abscess  of  intestine,  542 

fibroids.  671 
Subperitoneal  fibroids,  671 
Snbstnntia  nigra,  767 
.'Substantial  emphysema  of  lungs.  454 
Sudan  III.  for  examining  fat  tissue,  871 
Suffocation,  23 
Suffusion,  definition  of,  .54 
Sugar  in  blood,  40 

in  urine,  40 
SuggillRtion.  definition  of.  .54 
Sulphate  of  copper,  poisoning  by,  26 
Sulphates  in  urine.  6.V2 
Sulplinrir   acid,  excessive  formation  of, 
in  body,  3(» 
poisoning  by.  26 
Supernumerary  ovaries,  677 
Suppurative  bacterial  diseases,  219 

cholanKitis.  .579 

encephalitis.  800 

enteritis.  .512 


Suppuistive  inflammation,  113,  115, 116 
lymphadenitis,  300 
myositis,  747 

chronic,  747 
nephritis,  613 
neuritis,  855 
pachymeningitis,  754 
pyelonephritis,  613 
Suprarenal  bodies,  603 

accessory,  603 

adenoma  of,  605 

amyloid  degeneration  of,  004 

carcinoma  of,  605 

congenital  abnormalities  of,  603 

fatty  degeneration  of,  603 

general  effects  of  diseases  of,  605 

glioma  of,  604 

hemorrhage  from,  604 

inflammation  of,  606 

neuroma  of,  605 

pigmentation  of,  604 

sarcoma  of,  604 

syphilis  of,  604 

tuberculosis  of,  604 

tumors  of,  605 
Sympathetic    nervous  system,  develop- 
ment of.  766 
Syncytioma  malignum,  189 
Syncytium.  190,  694 
Synovitis  pannosa,  742 
SyphilU,  279 
congenital,  83 
of  arachnoid  and  pia,  762 
of  arteries,  422 

of  brain,  787 
of  bone,  736 
of  brain,  806 
of  bronchi.  447 
of  dura  mater,  754 

of  cord.  821 
of  esophagus,  .521 
of  Fallopian  tubes,  688 
of  heart,  409 
I      of  intestines,  552 
I      of  joints,  745 
I     of  kidney,  629 
of  larynx,  440 
of  liver,  572 
of  lungs,  489 
of  lymphatic  glands,  373 

vessels,  434 
of  mammary  gland,  717 
of  mouth,  509 
of  muscles,  752 
of  nasal  cavities,  437 
of  nerves.  8.55 
of  pancreas,  586 
of  pericardium.  414 
of  pharynx.  517 

of  pia  and  arachnoid  of  cord.  823 
of  pituitary  body,  818 
of  placenta.  696 
of  pleura,  .501 
of  spleen.  366 
of  suprarenal  bodies,  604 
of  testicle.  707 
of  thymus  gland.  377 


p 

■  Syphilis  of  (hyroid  gland,  eOO 
^M  '  uf  toiiifUL',  .VKl 

^1  of  trHohta,  413 

^H  of  urotliru.  iv>7 

^1  of  utcrii:;,  ti70 

^1  of  vuKina,  093 

■  of  viiivA,  am 

^M  i<«L(iii<lary  lesions  of,  2B0 

H  liTliary  lesions  of,  •if(0-283 

P  Syi'liilitic  bubo,  281 

Kiiiiiioat*  of  slomacb,  530 
jieriwtitiii,  73<j 
pneiiiuuiiia,  fuiigenital,  474 
strifture.  'm.! 
Sypbilumata,  81 
8yriiij{om;elia,  i^'27 


Tabes  iliinali!!,  83U 

uiesrnteriai,  37'-i 
Tallin  .\l|;eriana,  313 

ciiriiuieriim,  313 

iliminiitH.  313 

rrhinoctrL'euii,  313 

clliptii-a,  313 

flaviipniietiiU,  313 

Murl»Kascttrifii8is,  313 

imiiu,  310,  312 

Mtirinalu,  311 

solium,  310 

tiMlL-Illi.  313 

Ta|><--wonn»,  308 

ilwarf,  312 
Twth,  affections  of,  nlO 
Triuperatiirc,  hiKh,  ifffect  of.  2t1 
Tt-ndoa-sheathfi.  iiifliiiiiuiittiim  of,  745 
Ti'iiosynovitit.  "I.'r 

Konorrheiil,  fwi,") 
TiTHtomu,  1!I3 

i>f  pia  and  aruchnoid,  764 
Tertian  fover,  panuite  of,  299 
Tisticlea,  7l>.' 

iidenoma  of,  70S 

adeuosBrcoraa  of,  708 

Hthrromatons  cyst  of,  710 

atrophy  of,  702 

benijiti  fniifciii!*  <tf.  704 

i-alcitiialiim  uf.  703 

carciiiniiiiv  of.  70N 

CMeuticHi  (if,  70:1 

vhoiiilriM'iin'iiinmn  of,  709 

rboriilroTia.'i  tif.  7*H 

congenital  iibuoriiialities  of,  702 

cysts  of,  709 

dermoid  cysts  of,  710 

••(-hiiiococcus  cyi»ts  of.  710 

fatty  dfitt'iii'ratioii  of.  703 

fibroma  of,  7(W 

hyiKreniia  of.  70:5 

hypertrophy  of,  703 

iiidHnimstion  of.  70.3.     Sec  Onkitia. 

Ifpra  of,  706 

inyxDina  of,  708 

luTxomatniis  dcgenrntion  of,  703 

oBfeonia  of,  708 

paptlliffrotK  rvKtoma  of.  709 

rhabdoroyiiiiin  of,  708 

aarcoiun  of,  708 
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Testicles,  syphilis  of.  707 

syphilitic  I'liujiua  of,  706 

tabercnlosis  of,  70li 

tnmors  of,  706 
Tetania,  270 
Tetanotoxin,  270 
Tetanus,  2<!8 

KDtitoxiu  of,  270 

baetUus  of,  2Hn 
TsxM  fever  of  cattle,  303 
Thalaiueiiceplialou,  2.'i5 
Thermophilic  liai'teria,  200 
Thiiiuiii  pheuiqiie,  868 

sliiiii  fi>r  amyloid  tissoc,  872 
Thii.lljrix.  197 
Third  ventricle  of  bruin,  7tJ7 
Tboina  mcthud  of  decalcifying,  661 
Thora<-ic  duct,  d i.wases  of,  435 
Thrombi,  ball,  lit) 

calcification  of,  62 

canalization  of,  62 

dei;eneration  of.  61 

hyaline,  (iO,  79 

marantic,  .'iH 

orKHiiizntioii  of,  l>2 

patlii»li>^ic  luuvtcfiuy  of,  59 

puniN-nt  siifteuiii^  of,  61 

Kiuiplc  softening  of,  61 

siraliacd,  60 
Thrtinilio-artcritis,  418 
Thrc>i)ib<iphlebitis,  430 
Tlirt»iiil>osis,  58 

fermentation-,  59 

of  bone,  727 

of  brain,  79.5 

of  cavities  of  heart,  382 

of  coronary  artery,  383 

of  intestines,  ,510 

of  kidney.  609 

of  liver,  560 

of  musctc.1,  746 

of  spleen,  36] 

of  thoracic  duct.  435 
Thrombus.  lalural,  60 

obstructive,  60 

primary.  60 

secniidarv,  60 
Thrush,  279.  ,V)8 

of  L>B<iphHEUS,  ,521 

r)f  stoiiiaci).  .".'10 
Thyme  oi)  for  clearing  specimens.  868 
Thymus  tiand,  diseai**  of,  ;r77 
Thyroid  disca.se,  general  reanlts  of,  001 
glond,  .''>96 

abscess  of.  .507 

artinoniyconis  of,  600 

adenoma  of,  (iOl 

anatomic  roiisiilerntioDS,  586 

carcinoma  of.  WH 

eiivulatory  distiirbHuces  in,  .597 

eon^ruitnl  defects  of.  .596 

^rciiem!  results  of  disease  of,  601 

hyper^'mia  of.  .597 

Tufiamnialioii  of.  597 

sarconui  of.  601 

syphilis  of.  6110 

tubercuU>sis  of.  600 
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Thyroid  gland,  tumors  of,  601 
TiiMue,  amyloid,  examiiiatiou  of,  871 

attaching  paraffin  sections  of,  to  slides, 
rapid  method,  tM^ 
slow  method,  tXH 

clearing  of,  868 

cutting  celloidiu  blocks  of,  864 
paraffin  blocks  uf,  862 
serial  .sections  of,  in  celloidin,  864 

decalcification  of,  860 

elastic,  examination  of,  870 

embedding  of,  861 

fat,  examination  of,  871 

fixing  and  hardening  of,  858 

fresh,  chemical  agents  in  examination 
of,  857 
examination  of,  857 
sectioning  of,  857 
teasing  of,  857 

glycogen,  examination  of,  872 

hyaline,  examination  of,  872 

mounting  of,  869 
blocks  of,  862 
serial  sections  of,  863 

mucous,  examination  of,  870 

nervous,  examination  of,  873 

special,  examination  of,  869 

staining  of,  864 
Tissue-changes,  progressive,  125 
Tissue-destruction,  excessive,  35 
Tissue-elasticity,  decreased,  as  cause  of 

edema,  63 
Tissues,  degenerative  changes  in,  109 

post-mortem  degeneration  of,  103 
Toadstools,  poisoning  by.  30 
Tongue,  actinomycosis  of,  509 

furring  of.  .">04 

geogniphicnl.  .")04 

nigrities  of,  .">07 

syphilis  of.  509 

tuberculosis  of.  .tOS 
Tonsil,  abscess  of.  .515 

hvpertrophv  of.  515 
Tonsillitis.  .'.M 

catarrhal,  .tH 

follicular.  .'iI4 

lacunar,  514 

phlegnionoiis.  514,  515 
Tophi  of  gout,  ."in 
Toxalbuniiiis.  203 

from  i>laiits.  ])oisoninp  by.  28 
Toxic    j>rodiicts  of    bacteria,   action   of, 
20 
effects  of.  20,") 
Toxin  of  diphtheria.  232 
Toxin-ininiiniitv.  210 
Toxins.  2n:i 
Tr.'ichea.  442 

cir<uli»ti>rv  disturbances,  442 

inflammations  of,  442 

malformations  of,  442 

syphilis  of.  443 

tniiiTculosis  of,  443 

tumiii's  iif.  443 
Tra<ti(in-divorticiila  of  esophagus,  ,'J20 
Tniiisitioiial  Icnkccytes.  313 
Traumatic  hemorrhage,  .">3 


Traumatic  theory  of  cause  of  carcinoma, 

177 
Traumatism  in  etiology  of  disease.  19 
Trematodes,  325 
Trichina,  examination  for,  881 

spiralis,  319 
in  larynx,  442 
Trichiuiasis,  320 
Trichobacteria.  199 
Trichocephalus  dispar,  322 
Trichomonas  caudata,  SSfT 

elongata,  297 

fiagellata,  297 

intestinalis.  296 

vaginalis,  296 
Trilocular  heart.  379 
True  hypertrophy.  126 

nenronia,  16< 
Trj'panosoma,  297 
Trypanosome,  297 
Tubal  abortion,  690 

pregnancy,  689 
Tube-cast  in  nephritis,  620 
Tubercle-bacilli,  Weichselbanm's  method 

of  staining,  886 
Tubercle-bacillus,  avian,  24."> 

bovine,  245 

human,  244 

lymphoid,  250 

miliary,  249 

staining  of,  in  tissue,  888 

structure  and  evolution  of,  250 

toxic  properties  of,  256 
I  Tubercnla  dolorosa,  169 
Tubercular  leprosy,  259 

pneumonia,  228 
Tuberculin  of  Koch.  256 
Tuberculosis.  244 

acute  pneumonic,  460 

avian.  2r>7 

bacillus  of.  244 

bronchogenic.  479 

chronic  pneumunic.  482 

fowl-.  257 

gallinarum.  2.'>7 

hematogenic,  4.S(> 

latent.  255 

lymphogenic.  489 

miliary.  2.")4 

of  arteries,  422 

of  bladder.  041 
I      of  bone,  734 
I      of  brain.  ."'Oe 

of  bronchi.  447 

of  choroid  plexu.s.  811 

of  dura  mater.  754 
of  cord.  821 

of  ej>i(!idymis.  7IHi 

of  esophagus.  .VJ] 

of  Fallopian  tHbe.=.  687 

of  heart.  409 

of  intestine,  h'tl 

of  joints,  744 

of  kidney.  629 

of  larynx.  440 

of  liver.  ,"I 

of  lungs.  477 
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Tubercnlosis  of  lungs,  bronchogenic, 

of  lymphatic  glands,  370 

uf  lymphatics,  434 

of  mammary  glaud,  717 

of  mouth,  508 

of  muscle,  731 

of  naml  cavities,  437 

of  nerves,  855 

of  ovary,  67S 

of  pancreas,  586 

of  pelvis  of  kidney,  636 

of  penis,  701 

of  pericardium,  414 

of  peritoneum.  594 

of  pharynx,  517 

of  pia  and  arachnoid  of  cord,  833 

of  pituitary  body,  818 

of  placenta,  696 

of  pleura,  501 

of  prostate,  711 

of  seminal  vesicles,  715 

of  spleen,  365 

of  suprarenal  bodies,  604 

of  testicle,  706 

of  thoracic  duct,  435 

of  thymus  gland,  :{77 

of  thyroid  gland,  600 

of  tongue,  50S 

of  trachea,  443 

of  urethra,  657 

of  ntems,  669 

of  vagina.  693 

of  vas  deferens,  707 

of  veins,  433 

of  vulva,  699 

pneumonic,  480 

relations  of  humau,  to  animal,  248 

seats  of,  254 
Tuberculous  meningitis.  760 

pneumonia,  469 

ulceration  of  stomacli,  530 
Tubo-ovarian  cysts.  689 
Tubular  adenoma,  173 
Tumor-dvscrasia,  178 
Tumors,  126 

benign,  133 

circumscribed.  130 

classification  of,  13S 

dendritic,  130 

etiology  of.  127 

fungiform.  130 

fungoid,  130 

histologic  examination  of,  129 

infiltrating,  130 

malignant.  132,  315 

mixed,  142.  162 

number  nf,  131 

of  arachnoid  and  pia,  762 

of  biliarv  ducts,  581 

of  bla<l<ler.  Ii43 

of  lK>ne.  737 

of  brain.  H<r7 

of  bronchi.  447 

of  choroid  plexus.  812 

of  dura  mater,  755 
of  cord.  H21 

of  esophagus.  .521 


477    Tumors  of  Fallopian  tubes,  688 

of  gall-bladder,  581 
j      of  heart,  409 
I      of  intestine,  553 
I      of  joints,  745 
I     of  tidney,  629 
'      of  larynx,  441 
I      of  liver,  573 
I      of  lungs,  492 

of  lymphatic  glands,  373 
;  vessels,  434 

i      of  mammary  gland,  718 

of  mouth,  510 

of  muscles,  753 

of  nasal  cavities,  437 

of  nerves,  834 

of  ovaries,  679 

of  pancreas,  ,'>66 

of  pelvis  of  kidney,  637 

of  |)enis,  680 

of  pericardium,  .396 

of  (leritoneuni,  595 

of  pharynx,  517 

of  pituitary  body,  818 

of  pleura,  501 

of  salivary  glands,  518 

of  seminal  vesicles,  715 

of  spinal  cord.  H49 

of  spleen,  364 

of  stomach,  5:10 

of  suprarenal  bodies,  605 

of  teeth,  511 

of  testicle,  708 

of  thoracic  duct,  4.35 

of  thymus  gland,  377 

of  thyroid  gland,  601 

of  trachea,  443 

of  ureter.  <i.37 

of  urethra.  <ii>7 

of  uterus,  iul 

of  vagina.  693 

of  veins,  ■i'.ti 

of  vulva.  699 

|>apillary.  131 

|Mily|Kiid.  131 

verrucose,  131 
Tvpbase,  210 
Typhlitis,  .'>43 

stercoral,  .543 
Typhoid  fever,  233.  549 
bacillus  of.  23:i 
complications  of.  550 
ulceration  in,  521 
Typhus  fever,  bacteriology  of,  889 

irteroides,  285 

recnrrens,  275 
Tyronia,  meningeal.  761 
Tyrosin  in  urine.  36,  652 
Tyrotoxicon,  31 


I'UKR.  115 
indolent.  115 
IH-ptic.  of  intestines,  542 

of  stomach.  115 
perforating,  of  foot  in  tabea,  115 
phagedenic,  115 
serpiginous,  115 
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Ulceration  of  intestines,  544 

typhoid,  521 
Ulcerative  dysentery,  548 

endocarditis,  385,  386 

esophaKitis,  520 

gastritis,  523 

stomatitis,  505 
Uloera  of  bronchi,  486 
Ulcus  ex  digestione,  526 
Umbilical  cord,  abnormalities  of,  694 

velamentous  insertion  of,  694 
Unna's  alkaline   methylene-blne  stain, 
867 

method   of   examining  elastic  tissue, 
870 

polychrome  methylene-blue,  867 
Urate  of  sodium  deposit  in  tissues,  88 
Urates  in  urine,  651 
Uiatic  infiltration,  88 
Urea,  formation  of,  35 
Uremia  from  nephritis,  624 
Ureter,  634 

dilatation  of,  634 

inflammation  of,  636 

malformations  of,  634 

obstructions  of,  634 

parasites  of,  637 

tnmors  of,  637 
Ureteritis,  636 
Urethra,  653 

carcinoma  of,  6,57 

congenital  abnormalities  of,  653 

cysts  of,  657 

inflammation  of,  653 

iiVJnries  of,  656 

sarcoma  of,  6,57 

stricture  of,  (>r>5 

tuberculosis  of,  657 

tumors  of.  657 
Urethritis,  653 

anterior,  654 

associated  lesions  of,  654 

gonorrheal,  656 

posterior,  655 
Uric  acid  calculi,  642 
crystals  in  nrini'.  6,50 
excretion  of,  in  gout.  39 
formation  of,  38 
Urinar.v  bladder.     See  Bladder. 

calculi,  642 
results  of,  643 

organs,  congenital  anomalies  of,  606 
Urine,  abnormal  conditions  of,  645 

bacteria  in,  649 

bilirubin  in,  6.72 

carbonates  in,  652 

chcniic  changes  in,  650 

choli'sterin  in,  6.52 

color  of,  645 

c.vstin  in.  6">2 

fat-crystals  in,  652 

hippuric  acid  in,  6.51 

indigo  iu.  652 

in  nephritis,  620 

leucin  in,  652 

oxalate  of  Ilmo  in.  650 

phosphates  in,  6.50 


Urine,  quantity  of,  645 

reaction  of,  645 

sediments  of,  650 

specific  gravity  of,  645 

sulphates  in,  ^2 

ty rosin  in,  652 

urates  in,  651 

uric  acid  crystals  in,  650 

xantbin  iu.  652 
Uriniferous  tubules,  concretions  in,  638 
I  Urobilinuria,  646 

Uterus,  657 
I      adenoma  of,  673 
malignant,  673 
I      amyloid  degeneration  of,  670 

antefiexiou  of,  659 

anteversion  of,  659 

bicomis,  658 

carcinoma  of,  673 

congenital  abnormalities  of,  658 

cysts  of,  676 

dilaUtion  of,  661 

erosions  of,  666 

fatty  degeneration  of,  670 

fibroid  of,  671 
polyps  of,  671 

foetalis  sea  infantilis,  658 

hemorrhages  of.  663 

hyperemia  of,  662 

hyperplasia  of  mucous  membrane  of, 
670 

hypertrophy  of,  670 

hypoplasia  of,  6.58 

inflammation  of,  663 

inversion  of,  661 

lateral  displacements  of,  659 

leiomyoma  of,  671 

myofibroma  of,  671 

parasites  of.  676 

polyps  of,  671 

prolapse  of,  6,59 

puerperal  atrophy  of,  670 
infections  of.  667 

retroflexion.  659 

rupture  of.  662 

sarcoma  of.  673 

senile  atrophy  of.  670 

septus,  658 

stenosis  of,  661 

syphilis  of,  670 

tuberculosis  of,  (i69 

tumors  of,  671 

unicornis,  6.59 

upward  dislocation  of,  659 

Vaccinia,  animal  parasites  of,  307 
Vacuolation  of  red  blood-corpuscle.  .138 
Vacuolizatiou  of  nerve-cell,  77.-< 
Vagina,  691 

carcinoma  of.  693 

circulatory  disturbances  of.  692 

cysts  of,  693 

fibroma  of.  693 

hyperemia  of,  692 

inflammation  of.  692.     See  Vaginitis. 

myofibroma  of.  693 

papilloma  of,  693 
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Vagina,  sarcoma  of,  093 

stenosis  of,  691 

syphilis  of,  693 

tuberculosis  of,  6S3 

tumors  of,  693 
Vaginal  cystocele,  691 

rectocele,  691 

wall,  prolapse  of,  691 
wounds  and  flstule  of,  691 
Vaidnitis,  692 

acute  catarrhal,  6M3 

chronic  catarrhal,  692 

exfoliative,  692 

pseudomembranous,  692 

testis.  703,  705 
hemorrhaKic,  706 
purulent,  706 
serofibrinous,  703 
serous,  705 
Valvular  defects,  380 
Van  Uieaon's  stain,  868 
Varicella,  micro-orpinigm  of,  307 
Varicose  aneurysm,  429 

veins  of  spinal  cord,  832 
Varicosity,  431 

Variola,  animal  parasites  of,  307 
Vas  deferens,  inflammation  of,  706 

tuberculosis  of,  707 
Vascular  fcoiter,  600 

theories  of  inflammation,  103 
Vein-stones,  430 
Veins,  42» 

calcification  of,  430 

dilatation  of.  431 

fatty  degeneration  of,  430         » 

inflammation  of.  4:10 

tuberculosis  of,  43:< 

tumors  of.  432 
Venereal  wart,  171 
Venom  of  serpents,  poisoning  by,  29 
Venous  hemorrhage,  51 

hTi>eremia.  50 
Ventricular  septum,  defects  of.  380 
Verrucose  endocarditis,  .38.5,  3"<<i 

tumors.  131 
Vesica  bipartitis,  638 
Vesicular  emphysema  of  lungs,  454 
Vesuvin.  Mi6 

Vibrio  cholcrsp  AMiati<».  240 
Vibrion  septi(|Ui-,  'ifKJ 
Vicarious  eiupliysiMna  of  lungs,  4.>1 
Virchow's  classification  of  tuniom.  i;t,'{ 

theor.v  of  inflammation.  103 
of  tuniom.  127 
Voluntary  ninsrlcs,  diseases  of,  746 
Volvulus.  Tibi 
Vulva.  filH 

al>s<*t'ss  of.  (i!tf) 

a<l>-nonia  of.  TiM) 

carcinoma  of.  7iH) 


Vulva,  chancroids  of,  699 

circulatory  disturbances  of,  698 

cysts  of,  700 

diphtheria  of,  699 

elephantiasis  of,  699 

flbioma  of,  699 

fibromyxoma  of,  699 

gangrene  ot,  699 

hematoma  of.  698 

hyperemia  of,  698 

inflammation  of,  696 

kraurosis  of,  693 

lipoma  of,  690 

myofibroma  of.  6!H) 

papillomatous  tumors  of, 699 

sarcoma  of.  699 

syphilis  of.  699 

tuberculosis  of,  699 

tumors  of,  699 

wounds  of,  698 
Vulvitis,  69!) 

Wart.  171 

venereal.  171 
Waxy  casts  in  nephritis,  621 
Weigert's    niethiid    for    demonstrating 
myelin-sheaths.  873 
of  examining  elastic  tissue,  870 
fibrin.  869 
Wens.  191 

White  blood-corpuscles,  330.    See  Leuko- 
cyten. 
infarct.  ,57 

matter  of  cord,  degeneration  of,  846 
softening  of  brain.  796 
Whooping-cough,  bacteriology  of.  28S 
Widal  reaction.  237 

as  [lerformed  at  Pepper  I^aboratory, 
HiiO 
Wool-sorterw'  disease.  265 
Wiinnds.  re|«ir  of,  117 
Wright's  metliod   for  cultivating  anae- 
robic iHW'teria,  H92 

Xastiiin,  .'IH 

ill  iiriiii-.  652 
Nniillioiiiu,  l.'U) 

ilinbi'liriirnni,  131) 

vulKitre,  13!) 
Xyliil  for  I'b'itriiin  H|H-<-iniens,  WW 

Yki.i.iiw  IV\<r,  '.'H.'i 
iiiiiitiitin  "f.  '.*»C 
luii'illiis  iif,  •>,"> 

1li(tH4|llilors  nlltl,  2H4I 
N<»rt4*iiiiiK  of'  bruin,  7!))i 

ZiKiii.'h  siiliiiiiiii  as  liiK'teria  stain,  886 
Ziirkrr(!nssli'lM-r,  571.  5!)4 
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paid,  and  for  which  the  publisher  will  never  get 
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Barton  and  Well^' 
Medical  Thesaurus 

A  NEW  WORK— JUST  ISSUED 


A  Thesaurus  of  Medical  Words  and  Phrases.  By  Wilfred  M. 
Barton,  A.  M.,  Assistant  to  Professor  of  Materia  Medica  and  Thera- 
peutics, and  Lecturer  on  Pharmacy,  Georgetown  University,  Washing- 
ton, D.  C. ;  and  Walter  A.  Wells,  M.  D.,  Demonstrator  of  Larj'n- 
gology  and  Rhinology,  Georgetown  University,  Washington,  D.  C. 
Handsome  octavo  of  about  650  pages.  Cloth,  ^.00  net ;  Sheep  or 
Half  Morocco,  So.oo  net. 

THE  ONLY  MEDICAL  THESAURUS  EVER  PUBLISHED 

This  work  is  the  only  Medical  Thesaurus  ever  published.  It  aims  to  perform 
for  medical  literature  the  same  services  which  Roget's  work  has  done  for  literature 
in  general ;  that  is,  instead  of,  as  an  ordinary  dictionary  does,  supplying  the 
meaning  to  given  words,  it  reverses  the  process,  and  when  the  meaning  or  idea 
is  in  the  mind,  it  endeavors  to  supply  the  fitting  term  or  phrase  to  express  that 
idea.  To  obviate  constant  reference  to  a  lexicon  to  discover  the  meaning  of 
terms,  brief  definitions  are  given  before  each  word.  As  a  dictionary  is  of  ser\ice 
to  those  who  need  assistance  in  interpreting  the  expressed  thought  of  others,  the 
Thesaurus  is  intended  to  assist  those  who  have  to  write  or  to  speak  to  give  proper 
expression  to  their  own  thoughts.  In  order  to  enhance  the  practical  application 
of  the  book  cross  references  from  one  caption  to  another  have  been  introduced, 
and  terms  inserted  under  more  than  one  caption  when  the  luiture  of  the  term 
permitted.  In  the  matter  of  synonyms  of  technical  words  the  authors  have  per- 
formed for  medical  science  a  service  never  before  attempted.  Writers  and 
speakers  desiring  to  avoid  unpleasant  repetition  of  words  will  find  this  feature 
of  the  work  of  invaluable  service.  Indeed,  this  Thesaurus  of  medical  terms  and 
phrases  will  be  found  of  inestimable  value  to  all  persons  who  are  called  upon 
to  state  or  explain  any  subject  in  the  technical  language  of  medicine.  To  this 
class  belong  not  only  teachers  in  medical  colleges  and  authors  of  medical  books, 
but  also  every  member  of  the  profession  who  at  some  time  may  be  required  to 
deliver  an  address,  state  his  experience  before  a  medical  society,  contribute  to 
the  medical  press,  or  give  testimony  before  a  court  as  an  expert  witness. 


I  Pusey  and  Caldwell  on 

X-Rays 

in  Therapeutics  and  Diagnosis 


The  Practical  Application  of  the  Rontgen  Rays  in  Therapeutics 
and  Diaj^nosis.  By  William  Allen  Pusev,  A.M.,  M.  D.,  Professor 
of  Dermatiilo^'y  in  the  University  of  Illinois;  and  Eu(;f.ne  W.  Cald- 
well, B.  S.,  Director  of  the  Edward  N.  Gibbs  X-Ray  Memorial  Labo- 
ratory of  the  University  and  Bellevue  Hospital  Medical  College,  New 
York.  Handsome  octavo  volume  of  591  pages,  with  [76  illustrations, 
nearly  all  clinical,  Cloth,  S4oO  net;  Sheep  or  Half  Morocco,  55.50 
net.     Sold  by  Sudscription. 


A  NEW   WORK  — JUST   ISSUED 


It  has  been  the  aim  of  the  authors  i>f  this  work  tn  elucidate  fully  the  practical 
aspects  of  the  subject.  All  the  authentic  literature  which  has  developed  since 
Rontgen's  wonderful  discovery  has  been  carefully  ditjested,  this  being  supple- 
mented by  the  extensive  experience  of  the  authors.  The  value  of  the  X-rays  in 
diagnosis  has  been  discussed  in  a  thoroughly  practical  manner,  and  their  limita- 
tions in  this  tield  indicated.  Particular  attention  h.is  been  devoted  to  the  use  of  the 
X-rays  in  therapeutics.  Nearly  all  the  illustrations  in  this  section  represent  actual 
clinical  subjects,  and  show  the  condition  before  the  use  of  the  X-rays,  at  various 
stages  of  their  application,  and,  finally,  the  therapeutic  results  obtained.  Full 
details  are  also  given  as  to  the  use  and  management  ni  the  apparatus  necessary 
for  X-ray  work.  All  the  metliods  with  which  the  best  results  have  been  achieved 
have  been  carefully  described  in  a  comprehensive  way.  There  are  chapters  on 
X-Ray  Tubes.  Induction  Coils  and  Controlling  Apparatus,  Static  Machines, 
Fluoroscopy,  Radiography,  rhotographic  Materials  used  in  Radiography,  etc. 
This  section  is  also  fully  illustrated  with  instructive  photographs  and  drawings 
of  the  apparatus,  including  four  colored  plates  of  X-ray  tubes.  The  work  will  be 
found  of  invaluable  a.ssistance,  not  only  to  the  practitioner,  but  also  to  the  der- 
matologist, as  presenting  the  very  latest  advances  in  the  subject. 
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THE  BEST  jinieriCoIl  STANDARD 

Illustrated   Dictionary 

Third  Revised  Edition— Just  Issued 


The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medidne,  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  and  kindred  branches ;  with  over  loo  new  and 
elaborate  tables  and  many  handsome  illustrations.  By  W.  A.  Newman 
DoRLAND,  M.  D.,  Editor  of  "  The  American  Pocket  Medical  Diction- 
ary." Large  octavo,  nearly  800  pages,  bound  in  full  flexible  leather. 
Price,  ^4.50  net ;  with  thumb  index,  S5.00  net. 

<Hvef  «  Maximttiii  Amount  of  Matter  in  «  Mfaiimum  Space,  and  at  tiie  LowMt 

Poitible  Cost 

THIRD  EDITION  IN  THREE  YEARS— 12.50O  COPIES 

The  immediate  success  of  this  work  is  due  to  the  special  features  that  distin- 
guish it  from  other  books  of  its  kind.  It  gives  a  maximum  of  matter  in  a  mini- 
mum space  and  at  the  lowest  possible  cost.  Though  it  is  practically  unabridged, 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  1 }% 
inches  thick.  The  result  is  a  truly  luxurious  specimen  of  book-making.  In  this 
new  edition  the  book  has  been  thoroughly  revised,  and  upward  of  one  hundred 
important  new  terms  that  have  appeared  in  recent  medical  literature  have  been 
added,  thus  bringing  the  book  absolutely  up  to  date.  The  book  contains  hun- 
dreds of  terms  not  to  be  found  in  any  other  dictionary,  over  100  original  tables, 
and  many  handsome  illustrations,  including  24  colored  plates. 


PERSONAL   OPINIONS 


Howard  A.  Kelly.  M.  D.. 

Professor  of  Gynecology,  Johns  Hopkins  University,  Baltimore. 

"  Dr.  Dorland's  dictionary  is  admirable.     It  is  so  well  gotten  up  and  of  such  convenient 
size.     No  errors  have  been  found  in  my  use  of  it." 

Roiwell  Park,  M.  D., 

Professor  of  Principles  and  Practice  of  Surgery  and  of  Clinieal  Surgery,  Vnix'ersity  cf 

Buffalo. 
"  I  must  acknowledge  my  astonishment  at  seeing  how  much  he  has  condensed  within  rela- 
tivelv  small  space.     I  find  nothing  to  criticize,  very  much  to  commend,  and  was  interested  in 
finding  some  of  the  new  words  which  are  not  in  other  recent  dictionaries." 


MATERIA    XfEDlCA   AND    THERAPEUTICS. 


Stevens'  Materia  Medica 
and  Therapeutics 


A  Text>Book  of  Modern  Materia  Medica  and  Therapeutics.     By 

A.  A.  Stevens,  A.  M.,  M.  D.,  Lecturer  on  Physical  Diagnosis  in  the 
University  of  Pennsylvania.  Handsome  octavo  of  about  650  pages. 
Cloth,  S3.50  net. 

THIRD  EDITION.  ENTIRELY  REWRITTEN  AND  GREATLY  ENLARGED 

Since  the  appearance  uf  the  last  eiiitiun  of  this  book  such  rapid  advances 
have  been  made  in  Materia  Medica,  Therapeutics,  and  the  allied  sciences  that 
the  author  felt  it  imperative  to  rewrite  the  work  entirely.  All  the  newer  reme- 
dies that  have  won  approval  by  recojjnized  authorities  have  been  incorporated, 
anil  their  therapeutic  properties  fully  discussed,  thus  bringinf;  the  book  absolutely 
down  to  date.  The  work  includes  the  following  sections  :  Hhysiologic  Action  of 
Drugs  ;  Drugs  ;  Remedial  Measures  other  than  Drugs  ;  Applied  Therapeutics  ; 
Incompatibility  in  Prescriptions  ;  Table  of  Doses  ;  Index  of  Drugs  ;  and  Index 
of  Diseases  ;  the  treatment  being  elucidated  by  more  than  two  hundred  formulae. 


OPINIONS  OF  THE   MEDICAL  PRESS 


New  York  Medical  Journal 

'  The  work  which  Dr.  .Stevens  has  written  is  far  superior  to  most  of  its  clasi;  in  fact,  it  is 
very  good.  .  .  .  The  book  is  reliable  and  accur.ife." 

UnivenHjr  Medical  Magazine 

I  he  author  has  fniilifiilly  presented  modem  therapeutics  in  a  comprehensive  work  .  .  . 
and  it  will  be  found  a  reliable  guide  and  sufficiently  comprehensive  for  the  physician  in 
practice." 

Bristol  Medico-Chinirgical  Journal,  Bristol 

"This  addition  to  the  numerous  works  on  Therapcitiics  is  distinctly  a  good  one.  ...  It 
is  to  be  recommended  as  being  systematic,  clear,  concise,  very  fturly  up  to  dale,  and  carefully 
indexed," 
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Saunders' 
Pocket  Medical  Tormulary 

Sxth  Edition.  Revised 


Saunders'  Pocket  Medical  Formulary.  By  William  M.  Powell, 
M.  D.,  author  of  "  Essentials  of  Diseases  of  Children  "  ;  Member  of 
Philadelphia  Pathological  Society.  Containing  1 844  formulas  from  the 
best-known  authorities.  With  an  Appendix  containing  Posological 
Table,  Formulas  and  Doses  for  Hypodermic  Medication,  Poisons 
and  their  Antidotes,  Diameters  of  the  Female  Pelvis  and  Fetal  Head, 
Obstetrical  Table,  Diet-lists,  Materials  and  Drugs  used  in  Antiseptic 
Surgery,  Treatment  of  Asphyxia  from  Drowning,  Surgical  Remem- 
brancer, Tables  of  Incompatibles,  Eruptive  Fevers,  etc.,  etc.  In  flex- 
ible morocco,  with  side  index,  wallet,  and  flap.     $2.00  net. 

CONTAINING  MO  NEW  FORMULAS 

In  compiling  this  handy  volume  the  author  has  introduced  as  many  of  the 
more  important  recently  discovered  drugs  as  possible.  Besides  the  many  hun- 
dreds of  famous  formulas  collected  from  the  works  of  the  most  eminent  physicians 
and  surgeons  of  the  world,  it  contains  many  valuable,  and  hitherto  unpublished, 
prescriptions  from  the  private  practice  of  distinguished  practitioners  of  to-dav. 
In  this  new  edition  the  work  has  been  thoroughly  and  carefully  revised  and  cor- 
rected, and  some  two  hundred  new  and  valuable  formulas  added.  The  Dose 
table  has  been  brought  up  to  date,  and  the  entire  work  made  to  comply  in  everj 
way  with  the  latest  knowledge  on  the  subjects  it  contains. 


OPINIONS  OP  THE  MEDICAL  PRESS 


Medical  Record,  New  York 

"This  little  book,  th.it  can  be  conveniently  carried  in  the  pocket,  contains  an  immcnsi 
amount  of  material.  It  is  very  useful,  and,  as  the  name  of  the  author  of  each  prcscnpt;.5n  i 
given,  is  unusually  reliable." 

Johns  Hopkiiu  Hospital  Bulletin 

"  .Arranged  in  such  a  way  as  to  make  consultation  of  it  as  easy  as  possible.  It  is  remark 
able  how  much  information  the  author  has  succeeded  in  getting  into  so  small  a  book. 

Boston  Medical  and  Surreal  Journal 

"  The  book  is  attractively  bound  in  flexible  leather,  and  the  fact  that  it  has  reached  it 
sixth  edition  bears  ample  testimony  to  its  popularity." 


THE  PRACTICE  OF  MEDICINE 


Anders' 
Practice  of  Medicine 

Sixth  Revised  Edition —Just  Issued 


A  Text-Book  of  the  Practice  of  Medicine.  By  James  M.  Anders, 
M.  D.,  Ph.  D.,  LL.  D.,  ProFessor  of  the  Practice  of  Medicine  and  of 
Clinical  Medicine,  Medico-Chirurgical  College,  Philadelphia.  Hand- 
some octavo,  1297  pages,  fully  illustrated.  Cloth,  55.50  net;  Sheep 
or  Half  Morocco,  S6.50  net. 

SIXTH  EDITION  IN  SIX  YEARS-21,000  COPIES 

The  success  of  this  work  as  a  text-book  and  as  a  practical  guide  for  physi- 
cians has  been  truly  phenomenal,  six  large  editions  having  been  called  for 
in  as  many  years.  The  rapid  exhaustion  of  each  edition  has  made  it  possible 
to  keep  the  book  absolutely  abreast  of  the  times,  so  that  Anders'  Practice  has 
become  justly  celebrated  as  the  most  up-to-date  work  on  practice.  In  this 
edition  extensive  changes  have  been  made  in  connection  with  the  lai^e  group 
of  Infectious  Diseases.  The  etiology  and  mode  of  transmission  of  Malaria  and 
of  Yellow  Fever  have  been  almost  entirely  rewritten.  Certain  affections  of  grow- 
ing importance,  as  Diphtheritic  Dysenter>'  and  Parasitic  Hemoptysis,  have  been 
recast  and  more  fully  discussed.  The  new  articles  include  Fatty  Infiltration 
of  the  Heart,  Streptococcus  Pneumonia,  and  Acute  Diffuse  Interstitial  Nephritis. 


PERSONAL  OPINIONS 


James  C.  MHlson.  M.  D.. 

PrcfiSior  of  the  Prtictue  of  MediciHt  an  J  of  Clinical  Medicine,  Jefferson  Medical  College 

FhilaJclfhia. 
"  It   is   an   excellent   book^<oncise,  comprehensive,  thorough,  and   up-to-date.     It   is  a 
credit  to  you;  but,  more  than  that,  it  is  a  credit  to  ilie  profession  of  Philadelphia — to  us." 

A.  C.  Cowperifawait.  M.  D., 

I'resiJent  Illinois  Homeopathic  Medical  Association. 

"  I  consider  Dr.  Anders'  book  not  only  the  Ijest  l.itc  work  on  Medic.il  Practice,  but  by  far 
the  best  that  has  ever  been  published.  It  is  concise,  systematic,  thorough,  and  fully  up-to-date 
in  everything.     I  consider  it  a  great  credit  to  both  the  author  and  the  publishers." 

G«or<e  Roe  Lockwood.  M.  D.. 

Attending  Physician  to  the  Bellevne  Hospital,  Sen-  York. 

"\  have  read  several  of  the  important  chapters  carefully,  and  am  very  much  pleased  with 
the  work.  It  is  thoroughly  up-to-date,  well  expressed,  and  shows  evidence  of  clinical  expe- 
rience." 


AMERICAN  EDITION 


NOTHNAGEL'S  PRACTICE 


l^iDUl  THE    t[>ITOKl.*L    jL  PtKHfl' ►>•    -.•► 

ALFRED   STENGEL,  M.D. 

ihe  FVsiuixytTAiiga  Hospntal. 


B£ST  IN 
EXISTENCe 


Hi9  oniffcruIlT  ackaowkdged  tbat  the  Oemwoa  loul  the  world  in  Iniemal  MwSeIM;  ( 
oi  »il  the  n<  [■«ii  vorkf  os  thu  mbject.  Noihiu^ers  " Specielle  T^lhoJogie  ua 
a  conceded  br  «cliolan  lo  be  irithout  quntion   lite 
of  Medicine  m  eiistencc.     So  necessary  ii  i)ia  book  i 
•:.f  loieriMl  Medidse  thai  it  cotn»  targeijr  to  Ikii  cou 
.jriginal  Gennin.     In  nr»  of  these  bcB.  M«sis.  W.  B.  Susadcn  A 
Cotnp*x>y  have  arraoged  with  the  fnib)btie»  of  the  Gi  i  iim  < 
lo  iaac  at  o«oc  an  avilMraecI  Aniericui  edition  of  this  great  Practice  of  MetbciBe 

Far  the  preseol  a  set  of  ten  volames,  selected  with  Especiial  tbODght  of  lite  Davdt  < 
piaftistog  phTsidan.  wtU  be  pubhsKe-J.  These  irQlitniet  wID 
t^tj  the  re^  essence  of  the  entire  ^ork,  and  tlie  puichMef  i 
iherefbte  obtain,  at  leM  than  half  the  cost,  the  eresm  at  the  •■«((•' 
tnai.  Later  the  special  a/ici  m<jrf  sirictlv  scientific  YoluBirs  tiSi 
be  offered  from  time  to  time. 
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PRACTITIONER 
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PROMINENT 
SPECIALISTS 


The  work  will  be  translated  by  men  possessing  thorough  knowledge  of  both  English  and 
Gennan.  ind  each  volume  will  be  edited  by  a  prominent  specialist.  It  will  thus  be  brooghi 
itKmnighty  up  to  date,  and  the  American  edition  will  be  more  than  a  mere  translation ;  for, 
in  addition  to  the  matter  contained  in  the  original,  it  will  irpreseat 
the  very  latest  views  of  the  leading  American  and  Ejiglish  s[>ecial- 
ists  in  the  various  departments  of  Internal  Medicine.  Moreover, 
as  each  volume  will  be  revised  to  the  date  of  its  publication  by  the 
eminent  editor,  the  objection  that  has  heretofore  existed  to  treatises 
pubhshed  in  a  number  of  volumes  will  be  obviated,  since  the  subscriber  will  receive  the  com- 
pieted  work  while  the  earlier  volumes  are  still  fresh.  The  American  publication  of  the  entire 
work  IS  under  the  editorial  supervision  of  Dr.  ALFRED  STENGEL,  who  has  selected  the  subjects 
lor  the  Anserican  Edition,  and  has  chosen  the  editors  of  the  different  volumes. 

The  usual  method  of  publishers  when  issuing  a  publication  of 
this  kind  has  been  to  require  physici.ins  to  take  the  entire  worl>. 
This  seems  to  us  in  many  cases  to  l)e  undesirable.  Therefore,  m 
purchasing  this  Practice  physicians  will  be  given  the  opportun.ty 
of  subscribing  for  it  in  entirety ;  but  any  single  volume  or  any 
number  of  volumes,  each  complete  in  itself,  may  be  obtained  by  those  who  do  not  desire  the 
complete  series.  This  latter  method  offers  to  the  purchaser  many  advantages  which  will  be 
sjiprcdiKted  by  those  who  do  not  care  to  subscribe  for  the  entire  work  at  one  time. 


VOLUMES  SOLD 
SEPARATELY 


SEE  NEXT  TWO  PAGES  FOR  LIST 
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AMERICAN  EDITION 

NOTHNAGEL'S  PRACTICE 

VOLUMES   NOW  READY 


Typhoid  and  Typhus  Fevers 

By  Uk.  H.  Ct  kschmaxn,  Professor  of  Medicine  in  Leipsic.  The  entire 
volume  edited,  with  additions,  by  William  Oslek,  M.  D.,  F.  R,  C.  P., 
Professor  of  the  Principles  and  Practice  of  Medicine,  Johns  Hopkins  Univer- 
sity, Baltimore.  Octavo,  6+6  pages,  illustrated.  Cloth,  $5.00  net  ;  Half 
Morocco,  s6.oo  net. 

"  L'nder  the  editorial  iupervision  of  Dr.  Osier,  Ihe  original  German  work,  excellent 
though  It  is.  has  been  much  improved,  greatly  enlarged,  and  enhanced  in  value,  espe- 
cially to  .American  readers.  .  .  .  The  monograph  on  typhoid  fever  js  the  best  exponent 
of  the  knowledge  that  we  hare  in  regard  to  this  disease  thai  is  to  be  had  in  any  lan- 
guage."— Journal  of  the  American  Medical  Association. 

Smallpox  (including  Vaccination),  Varicella,  Cholera  Asiatica, 
Cholera  Nostras,  Erysipelas,  Erysipeloid,  Pertussis,  and 
Hay  Fever 

By  Dk.  H.  Immermann,  of  Hasle  ;  Ur.  Th.  von  JOrgexsen,  of  Tubin- 
gen -,  I>H.  C.  LiF.BERMElSTER,  of  Tiibingen  ;  Dr.  H.  Lf.nhartz,  of  Ham- 
burg ;  and  Dr.  ij.  Sticker,  of  Giessen.  The  entire  volume  edited,  with 
additions,  by  Sir  J.  W.  Mo(^re,  M.  D.,  F.  R.  C.  P.  1.,  Professor  of  Prac- 
tice, Royal  College  of  Surgeons,  Ireland.  Octavo,  682  pages,  illustrated. 
Cloth,  S;.oo  net ;  Half  Morocco,  36.00  net. 

"  Dr.  Immcrm.inn'i  vindication  of  vaccination  in  the  prophylaxis  of  smallpox  will  be 
read  with  peculiar  interest  at  the  present  time,  since  it  is  probably  the  most  complete 
and  unassailable  indictment  of  the  propaganda  of  antivaccination  fanatics  which  has  ever 
been  published." — The  London  Lancet. 

Diphtheria,  Measles,  Scarlet  Fever,  and  Rdtheln 

By  William  1'.  Northrlp,  M.  D.,  of  New  Vurk,  and  Dr.  Th.  von 
JuRCENSEN,  of  Tiibinj^en.  The  entire  volume  edited,  with  additions,  by 
WiLLlA.M  P.  NiiKTHKn",  M.  D.,  Professor  of  i'ediatrics.  University  and 
Bellevue  Hospital  Medical  College,  New  York.  Octavo.  672  pages,  illus- 
trated, inchiding  24  full-page  plates,  3  in  colors.  Cloth,  $5. 00  net  ;  Half 
Morocco,  S6.00  net. 

"The  author  is  to  be  congratulated  on  the  exhaustive  and  practical  manner  in  which 
he  presents  the  subject.  .  .  .  The  articles  on  me.isles.  scarlet  fever,  and  German  measles 
are  exhaustive  treatises,  with  numerous  additions  by  the  American  editor." — Journal 
'>/  the  .American  Medical  .'l.uociation. 

Diseases  of  the  Bronchi.  Diseases  of  the  Pleura,  and  In- 
flammations of   the  Lungs 

By  Dr.  F.  A.  Hoffmann,  of  Leipsic  ;  Dr.  O.  Rosenrach.  of  Berlin  ;  and 
Dr.  F.  Ai'frecht,  of  Magdeburg.  The  entire  volume  edited,  with  additions, 
by  John  H.  Mus.ser,  M.  D.,  Professor  of  Clinical  Medicine,  University  of 
Pennsylvania.  Octavo,  1029  pages,  illustrated,  including  7  full-page  colored 
lithographic  plates.     Cloth,  S5.00  net  ;   Half  Morocco,  S6.00  net. 

'  These  monogr.iplis  in  the  original  hold  an  enviable  place  in  German  medical  literature, 
each  one  being  exhaustive,  complete,  authoritative,  ami  written  by  men  speei.illy  fitted  for 
the  work.  But  the  .American  edition  is  not  only  a  reproduction  in  English,  it  is  all  of  this 
and  more  ;  for  the  .American  editor  has  added  much  of  value  not  included  in  the  original, 
and  he  h.is  brought  every  part  thoroughly  up  to  date.  —Journal  0/ tke  Americax  Afedital 
Association. 
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AMERICAN    EDITION 

NOTHNAGEL'S  PRACTICE 

VOLUMES  NOW  READY  AND  IN  PRESS 


Diseases  of  the  Pancreas.  Suprarenals,  and  Liver 

By  Dr.  L.  Oser,  of  Vienna  ;  Dr.  E.  Neusser,  of  Vienna,  and  Drs.  H. 
Quincke  and  G.  Hoppe-Seyler,  of  Kiel.  The  entire  volume  edited,  with 
additions,  by  Reginald  H.  Fitz,  A.  M.,  M.  D..  Hersey  Professor  of  th« 
Theory  and  Practice  of  Physic,  Harvard  Universit)- ;  and  Frederick  A. 
Packard,  M.  D.,  Late  Physician  to  the  Pennsylvania  and  to  the  Children's 
Hospitals.  Octavo  of  918  pages,  illustrated.  Cloth,  $5.00  net  ;  Half  Ma 
rocco,  S6.00  net. 

It  has  been  the  aim  of  the  authors  and  editor  of  this  work  to  describe  the  present  con- 
dition of  our  knowledge  on  the  subjects,  to  point  out  where  it  is  deficient,  and  to  stimu 
late  to  new  work.    The  work  will  be  found  practical  in  every  particular. 

Diseases  of  the  Stomach 

By  Dr.  F.  Riegel,  of  Giessen.  Edited,  with  additions,  by  Charles 
G.  Stockton,  M.  D.,  Professor  of  Medicine,  University  of  Buffalo.  Hand- 
some octavo  of  83;  pages,  with  29  text-cuts  and  6  fiill-page  plates.  Cloth, 
I5.00  net ;  Half  Morocco,  S6.00  net. 

This  work  is  a  complete  exposition  of  the  diseases  of  the  stomach.  Full  consideratioi 
is  given  to  the  hydrochloric  acid  question,  the  latest  views  being  incorporated  by  th< 
editor.     Particular  attention  has  been  given  to  disturbances  of  motility  and  secretion. 

Diseases  of  the  Intestines  and  Peritoneum 

By  Dr.  Hermann  Nothnagel,  of  Vienna.  The  entire  volume  edited 
with  additions,  by  Hi'.mphrev  D.  Rolleston.  M.  D..  F.  R.  C.  P.,  Physi 
cian  to  and  Lecturer  on  Pathology  at  St.  George's  Hospital,  London.  Hand 
some  octavo  of  800  pages,  finely  illustrated. 

Influenza,  Dengue.  Malarial  Diseases 

By  Dr.  O.  Leichtenstern,  of  Cologne,  and  Dr.  J.  M.axnaberg,  of 
Vienna.  The  entire  volume  edited,  with  additions,  by  Ron.ald  Ross, 
F.  R.  C.  S.,  E.NG.,  D.  P.  H.,  F.  R.  S.,  Major,  Indian  Medical  Service,  retired 
Walter  Myers  Lecturer,  Liverpool  School  of  Tropical  Medicine,  Liverpool. 
Handsome  octavo  of  700  pages,  with  7  full-page  lithographic  plates  in 
colors. 

Anemia.    Leukemia.   Pseudoleukemia.    Hemoglobinemia.    and 

Chlorosis 

By  Ur.  P.  Ehrlich,  of  Frankfort-on-the-Main  ;  Dr.  A.  Lazarvs,  of 
Charlottcnburg  ;  Dr.  Felix  Pinkus,  of  Berlin  :  and  Dr.  K.  von  Noorden. 
of  Frankfort-on-the-Main.  The  entire  volume  edited,  with  additions,  by 
Alfred  Stengel,  M.  D.,  IVofessor  of  Clinical  Medicine.  L"niversity  of 
Pennsylvania.  Handsome  octavo  of  750  pages,  with  5  full-page  lithographs 
in  colors. 

Tuberculosis  and  Acute  General  Miliary  Tuberculosis 

By  Dr.  G.  Cornet,  of  Berlin.  Edited,  with  additions,  by  Walter  B. 
James,  M.  D.,  Professor  of  the  Practice  of  Medicine,  Columbia  L'niversitj-, 
New  York.     Handsome  octavo  of  700  pages. 

EACH  VOLUME  IS  COMPLETE  IN  ITSELF  AND  IS  SOLD  SEPARATELY 


Eichhorst's 
Practice  of  Medicine 

A  Text-Book  of  the  Practice  of  Medicine.     By  Dk.  Hermann  Eich- 

HOKST,  Professor  of  Special  Pathologj-  and  Therapeutics  and  Director 
of  the  Medical  Clinic,  University  of  Zurich.  Translated  and  edited  by 
Augustus  A.  Eshner,  M.  D.,  Professor  of  Clinical  Medicine,  Phila- 
delphia Polyclinic.  Two  octivo  volumes  of  600  pages  each,  with  over 
150  illustrations.  Price  per  set:  Cloth,  g6.cio  net;  Sheep  or  Half 
Morocco,  S7.50  net. 

BY  ONE  OF  THE  GREATEST   OF  GERMAN   CLINICIANS 

This  book  is  a  new  one,  but  on  its  publication  it  sprang  into  immediate 
popularity,  and  is  now  one  of  the  leading  text-books  in  Germany.  It  is  prac- 
tically a  condensed  edition  of  the  author's  great  work  on  Special  Pathology  and 
Thcr.ipeutics,  and  it  forms  not  only  an  ideal  text-book  for  students,  but  a  practical 
Ruide  of  unusual  value  to  practising  physicians. 

Bulletin  of  Johns  Hopkini  Hoipital 

"  This  book  is  on  excellent  one  of  its  kind.  Its  completeness,  yet  brevity,  the  clinical 
methods,  the  excellent  parngraphs  on  treatment  and  watering-places,  will  m.ike  it  very  desir- 
able." 


Bridge  on  Tuberculosis 

Tuberculosis:  Recast  from  Lectures  Delivered  at  Rush  Medical 
Collejje.  By  Nokman  Bridge,  A.  M.,  M.  D.,  Emeritus  Professor  of 
Medicine  in  Rush  Medical  College,  in  affiliation  with  the  University 
i2mo  of  302  pages,  illustrated.     Cloth,  gi.50  net. 


of  Chicago. 


JUST  ISSUED 


In  this  excellent  work  the  practical  side  of  the  care  and  management  of  those 
sick  with  the  various  non -surgical  forms  of  tuberculosis  has  been  concisely  stated. 
Full  consideration  has  been  given  to  prophylaxis,  an  all-important  phase  of  the 
subject  that  has  heretofore  been  much  neglected.  'ITrere  are  also  chapters  upon 
the  Bacillus  of  Tuberculosis  ;  on  the  I'athology,  Etiology,  Symptoms,  Physical 
Signs,  Diagnosis,  and  Prognosis  of  the  disease,  each  treated  in  the  Judicious  and 
thorough  manner  to  be  expected  in  a  work  by  such  a  well-known  authority  as  Dr. 
Bridge.     Treatment  is  accorded  unusual  space. 
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SoUmann's  Pharmacology 

Including  Therapeutics,  Materia  Medica,  Pharmacy. 
Prescription -writing.  Toxicology,  etc. 


A  Text-Book  of  Pharmacology.  By  Torald  Sollmann,  M.  D. 
Assistant  Professor  of  Pharmacology  and  Materia  Medica,  Medical 
Department  of  Western  Reserve  University,  Cleveland,  Ohio.  Hand- 
some octavo  volume  of  894  pages,  fully  illustrated.     Cloth,  S3-75  net. 

A  NEW  WORK-RECENTLY  ISSUED 

This  work  aims  to  furnish  a  scientific  discussion  and  definite  conception  of  th< 
action  of  drugs,  as  well  as  their  derivation,  composition,  strength,  and  dose.  Th< 
author  bases  the  study  of  therapeutics  on  a  systematic  knowledge  of  the  natun 
and  properties  of  drugs,  and  thus  brings  out  forcibly  the  intimate  relation  betweei 
pharmacology  and  practical  medicine. 

J.  F.  Fotheringh&m.  M.  D. 

Pr,if.  of  Therapeutics  and  Theory  and  Practice  of  Preuribitij^ ,  Trinity  Med.  College^  Toronto 
"  The  work  certainly  occupies  ground  not  covered  in  so  concise,  useful,  and  scientific  i 
manner  by  any  other  text  I  liave  read  on  the  subjects  embraced." 

Butler's   Materia   Medica 

Therapeutics,  and  Pharmacology 

A  Text-Book  of  Materia  Medica,  Therapeutics,  and  Piiarmacology. 

By  George  F.  Butler,  Ph.  G.,  M.  D.,  Professor  of  Materia  Medica  and 
of  Clinical  Medicine,  College  of  Physicians  and  Surgeons,  Chicago, 
Octavo,  896  pages,  illustrated.  Cloth,  $4.00  net ;  Sheep  or  Half  Morocco 
$5.00  net. 

FOURTH   EDITION.  REVISED  AND  ENLARGED 

In  this  new  edition  the  chapters  on  Organo-therapy,  .Serum-therapy,  and  cog- 
nate subjects  have  been  enlarged  and  carefully  revised.  .An  important  additior 
is  the  chapter  devoted  to  the  newer  theories  of  electrolytic  dissociation  and  it< 
relation  to  the  topic  of  pharmacotherapy. 

Me<lical  Record,  New  York 

■'  Nothing  has  been  omitted  by  the  author  which,  in  his  judgment,  would  add  to  the  com- 
pleteness of  the  text,  and  the  student  or  general  reader  is  given  the  benefit  of  l.ttest  advice-, 
bearing  upon  the  valuo  of  ilrugs  and  remedies  considered." 


Goiild    and   Pyle's 
Curiosities  of  Medicine 


Anomalies  and  Curiosities  of  Medicine.  By  Geokce  M.  Gould, 
M.D.,  and  Walter  L.  Pvle,  M.  D.  An  encyclopedic  collection  of 
rare  and  extraordinary  cases  and  of  the  most  striking  instances  of 
abnormality  in  all  branches  of  Medicine  and  Surgery,  derived  from  an 
exhaustive  research  of  medical  literature  from  its  origin  to  the  present 
day,  abstracted,  classified,  annotated,  and  indexed.  Handsome  octavo 
volume  of  968  pages,  295  engravings,  and  12  full-page  plates. 

Popular  Edition  :  Cloth,  Sj.OO  net  :  Sheep  or  Half  Morocco,  f4.00  net. 

As  a  complete  and  authoritative  Book  of  Reference  this  work  will  be  of  value 
not  only  to  members  of  the  medical  profession,  but  to  all  persons  interested  in 
general  scientitic.  sociologic,  and  medicolegal  topics  ;  in  fact,  the  .ibsence  of  any 
complete  work  upon  the  subject  makes  this  volume  one  of  the  most  important 
literarv'  innovations  of  the  day. 

The  Lancet,  London 

"  The  bouk  is  a  monumenl  of  untiring  energy,  keen  discrimination,  and  erudition.  .  .  . 
Wo  hciirtily  recommend  it  !tj  the  profrssion.  " 


Saunders'  Year-Book 


The  American  Year-Btwk  of  Medicine  and  Surgery.  A  Yearly 
Digest  of  Scientific  Progress  and  Authoritative  Opinion  in  all  branches 
of  Medicine  and  Surgery,  drawn  from  journals,  monographs,  and  text- 
books of  the  leading  American  and  foreign  authors  and  investigators. 
Arranged  with  critical  editorial  comments  by  eminent  American  special- 
ists, under  the  editorial  charge  of  George  M.  GouLn.  M.  D.  In  two 
volumes — Vol.  I.,  including  General  Medicine ;  Vol.  II.,  General  Sur- 
gery. Per  volume  :  Cloth,  S3.00  net;  Half  Morocco,  S3.75  net.  Sold 
by  Subscription. 

EQUIVALENT  TO  A   POSTGRADUATE  COURSE 

The  Lancet,  London 

•  It  is  much  more  than  a  mere  compilation  of  abstracts,  for.  as  each  section  is  entrusted  to 
experienced  and  able  contributors,  the  reader  has  the  advantage  of  certain  critical  eomnicn- 
taries  and  ejpositinns  .  .  proceeding  from  writers  fully  qualified  to  perform  these  tasks." 
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Thornton's  Dose-Book 

Dose-Book  and  Manual  of  Prescription-Writing.  By  E.  Q.  Thorn- 
ton, M.  D.,  Assistant  Professor  of  Materia  Medica,  Jefferson  Medical 
College,  Phila.  Post-octavo,  362  pages,  illustrated.  Flexible  Leather, 
S2.00  net. 

Second  Edition,  Revised  and  Enlarged 

In  the  new  edition  of  this  work,  intended  for  the  student  and  practitioner, 
additions  have  been  made  to  the  chapters  on  ' '  Prescription-Writing ' '  and 
"Incompatibilities,"  and  references  have  been  introduced  in  the  text  to  th« 
newer  curative  sera,  organic  extracts,  synthetic  compounds,  and  vegetable  drugs. 
To  the  Appendix,  chapters  upon  Synonyms  and  Poisons  and  their  antidote! 
have  been  added,  thus  increasing  its  value  as  a  book  of  reference. 

C.  H.  MOler.  M.  D.. 

Proftssor  of  Pharmacology,  Northwestern  University  Medical  School.  Ckieago. 

"  I  will  be  able  to  make  considerable  use  of  that  part  of  its  contents  relating  to  the  correci 
terminology  as  used  in  prescription-writing,  and  it  will  afford  me  much  pleasure  to  recommend 
the  book  to  my  classes,  who  often  &il  to  find  this  information  in  their  other  text-books." 


American  Text-Book  of 
Applied  Therapeutics 

American  Text-Book  of  Applied  Therapeutics.  Edited  by  Jame; 
C.  Wilson,  M.  D.,  Professor  of  Practice  of  Medicine  and  of  Clinical 
Medicine,  Jefferson  Medical  College,  Philadelphia..  Handsome  imperial 
octavo  volume  of  1326  pages.  Illustrated.  Cloth,  $7-00  net;  Sheet 
or  Half  Morocco,  S8.00  net. 

For  Student  and  Practitioner 

Written  for  both  the  student  and  practitioner,  the  aim  of  this  work  is  tc 
facilitate  the  application  of  knowledge  to  the  prevention,  cure,  and  alleviatior 
of  disease.  The  endeavor  throughout  has  been  to  conform  to  the  title  of  th« 
book — ".Applied  Therapeutics" — to  indicate  the  course  of  treatment  to  be  pur 
sued  at  the  bedside,  rather  than  to  name  a  list  of  drugs  that  have  been  used  ai 
one  time  or  another.     The  work  will  be  found  accurate  and  trustworthy. 

Buffalo  Medical  Journal 

"  It  is  one  of  the  most  complete  books  of  reference  that  has  been  presented  to  the  profes- 
sion on  medicine  in  a  long  period  of  time ;  and  never  before  have  we  had  one  that  undertook 
to  cover  the  field  in  this  manner."  , 


PRACTICE.   MATERIA    MEDIC  A,   EU . 


The  American  Pocket  Medical  Dictionary.  Fourth  Edition.  Revised 

The  American  Pocket  Medicai.  InciioNARV.  Edited  by  W.  A.  Newman  Dor- 
LANI1,  M.  D.,  Assistant  Obstetrician  to  the  Mospital  of  the  University  of  Pennsylvania. 
Contnining  llie  pronunciation  and  definition  of  the  principal  words  used  in  medicine 
and  kindred  sciences,  with  64  extensive  tables.  Flexible  leather,  with  gold  edges, 
Si. 00  net;  with  thumb  index,  $1.25  net. 

vithoui  reserve."— J.  H.  Hollaod,  M.  D.,  DtaH  c/  tkt 


"  I  can  recommend  it    tu  our  suideni* 
Jefftrtjn  AhditiM  C<.*il^i^t,  l*hita(lclphia. 


Vierordt's  Medical  Diagnosis.     Fourth  edition.  RevUed 

Medical  Diagnosis.  By  Dn  Oswald  Vierordt,  Professor  of  Medicine.  Univer- 
sity of  Heidelberg.  Translated  from  the  fifth  enlarged  German  edition  by  Franci.'s 
H.  Stl'akt,  a.  .M.,  M.  L).  Octavo,  603  pages,  104  wood  cuts.  Cloth,  $4.00  net; 
Sheep  or  Half  Morocco,  ^5.00  net. 

"  Hiu  been  reco^niied  as  a  practical  work  <<f  the  highest  value.  It  may  be  considered  indispensable 
both  to  students  and  practitioners." — F.  Minot,  M.  D.,  iui4  Frp/titar  .y'  t'htary  uHti  Friutitt  im 
HarzKtrd  Unh'^'^tity. 

Cohen   and   Eshner's    Diagnosis.      Second  Revised  Edition 

Essentials  of  Diagnosis.  By  S.  SolisCohen,  M.  D.,  Senior  Assistant  Professor 
in  Clinical  Medicine.  Jefferson  Medicnl  College,  Phila.  ;  and  A.  A.  Eshner,  M.  D., 
Professor  of  Clinical  Medicine,  Phila.ielphi.T  Polyclinic.  Post-octnvo,  382  pages;  55 
illustrations.     jCloih,  Jl.oo  net.      In  Saunders'  Qiitition-Cumfeiui  Serits. 

"  Concise  in  the  treatment  of  subject,  terse  in  expression  of  fact." — Amtrkan  Jomrnai  q/  tkt 
Mftiicat  ScieMcfs. 


Morris'  Materia  Medica  and  Therapeutics.     Fifth  RevUed  Edition 

EiSENTIAl-S    OF    MATERIA    MedICA,    TllEBArEUTICS,    AND    I'RESCUII'l  ION-WrITING. 

By  Henry  Morris,  .M.  D.,  late  I  leraonstrator  of  Therapeutics,  Jefferson  Medical 
College,  Phila.  I'ostoctavo,  250  pages.  Cloth,  Sl.oo  net.  /«  SaunJers'  Qutstion- 
CompcnJ  Stries. 

"  C''>nno<  fail  to  impress  the  mind  and  instinct  in  a  lasting  manner." — Buffalo  M*dUal Journal. 

Sayre's   Practice   of   Pharmacy.      Second  Edition,  Revised 

Essentials  OK  the  Practice  of  Pharmacy.  By  Illiis  E.  Savre,  M.  D.,  Pro- 
fessor of  I'harmacy,  University  of  Kansas.  Post-octavo,  200  pages.  Cloth,  (1. 00  net 
In  Saunders'  Question- Compend  Series. 

"  The  topics  are  treated  in  a  simple,  practical  manner,  and  the  work  forms  a  very  useful  student's 
manual." — Bt>it,m  Medical  and  Surgical  Jtiurnal. 

Brockway's   Medical    Physics.      Second  Edition,  RevUed 

Essential  ■if  Medical  PhysIcs.  By  Irf.h.  J.  Ukockway.  M.  D.,  late  Assistant 
Demonstrator  of  .•\nalomy.  College  of  Physicians  and  Snrgeon.*,  N.  Y.  Post-octavo, 
330  pages;  155  line  illustrations.  Cloth,  jl.oo  net.  In  Snundfrs'  Question- Compend 
Series. 

"  It  contaiiu  all  that  one  need  know  on  the  subject,  is  well  written,  and  is  copiously  illustrated." — 
Medical  Rectrd,  New  York. 

Stoney's  Materia  Medica  for  Nurses 

M\iekia  Medua  f  lU  NiK>F.'i.  By  Emmy  A.  M.  Stoney,  Superintendent  if  the 
Training  School  IVir  Nurses  at  the  Carney  llo>pital,  South  Boston,  Mass.  Handsome 
octavo  volume  of  306  pages.     Cloth,  5i-50  net. 

"  It  contains  about  everytSinj  that  a  nurse  ought  to  know  in  re^rd  to  drags."— yysinra/  0/ the 
Americau  Medical  .^tsociatitm. 


Grafstrom's  Mechano-therapy 


A  Text-Book  i>f  .Mechano-therapy  (Mas.sage  and  Medical  Gymnastics).  By 
Axel  V.  Grafstrom,  B.  Sc.,  M.  D..  late  House  Physician.  City  Hospital,  Blaclc- 
well's  Island,  N.  Y.      l2mo,  139  pages,  illustrated.     $1.00  neL 

••  Ceriainlv  fulfills  its  mission  in  rcn'l-sring  comprehensible  the  subjects  of  massage  and  medicaj 
gymnastics.*' — AWi*    }'ork  M^di.  a!  Journal. 


;,  i6  SAUNDERS'   BOOKS  ON  PRACTICE,  Etc. 

Jakob  and  £shner's  Internal  Medicine  and  Diagnosis 

■;  Atlas  anu  Epitoms  of  Internal  Medicine  and  Clinical  Diagnosis.    By  Ur. 

Chr.  Jakob,  of  Erlangea.     Edited,  with  additions,  by  A.  A.  Eshner.  M.  I).,  Pro- 
\  fes9or  of  Clinical   Medicine,  Philadelphia  Polyclinic.     With    182  colore<l  figures  on 

i  68  plates,  64  text-illustrations,  259  pages  of  text.     Cloth,  ^3.00  net.     In  Sounders' 

\  Hand-Alias  Series. 

J  **  Can  be  recommended  unhesitatingly  to  the  practicing  physician  no  less  than  to  the  student. "— 

I  BuOeli*  a/ Johns  Hofkins  Hasfital. 

i  Lockwood-s  Practice  of  Medicine.  lu^td'^ed 

j  A  Manual  of  the  Practice  of  Medicine.    By  Geo.  Roe  Lockwood.  M.  D., 

I  Attendiiig  Physician  to  the  Bellevue  Hospital,  New  York  City.     Octavo,  S47  pages, 

J  with  79  illustrations  in  the  text  and  22  full-page  plates.     Cloth,  $4.00  net. 

I  "A  work  of  positive  merit,  and  one  which  we  gladly  welcome." — AVa-  Vork  Medkai  Journal . 

\  Salinger  and  Kalteyer's  Modern  Medicine 

Modern  Medicine.     By  Julius  L.  Salinc.f.r,  M.  D.,  late  Demonstiatoi  of  Clinical 
i  Medicine,  Jefferson  Medical  College;  and  F.  J.  Kaltevek,  M.  D.,  Demonstrator  of 

*  Clinical  Medicine,  Jefferson  Medical  College.     Handsome  octavo,  801  pages,  illus- 

'  trated.     Cloth,  $4.00  net. 

"  1  have  carefally  examined  the  book,  and  find  it  to  be  thoroughly  trustworthy  in  all  respects  and  a 
valuable  text-book  for  the  medical  student." — Sam*l  O.  L.  Potter,  Formerly  Professor  0/  PrtMcip/es 
and  Practice  0/  Medicine.  Cooper  Medical  College.  San  Francisco. 

Keating's  Life  Insurance 

How  to  Examine  for  Life  Insurance.  By  the  late  John  M.  Keating,  M.  D., 
Ex-President  of  the  Association  of  Life  Insurance  Medical  Directors.  Royal  octavo, 
211  pages.     With  numerous  illustrations.     Cloth,  $2.00  net. 

■  "  This  is  by  far  the  most  useful  book  which  has  yet  appeared  on  insurance  examination." — Medical 

News, 

Corwin's  Physical  Diagnosis.    Third  E:dit»>n.  Revised 

ESSENTIA1.S  OF  Physical  Diagnosis  ok  the  Thorax.  By  A.  M.  Corwin,  A.  M., 
M.  D.,  Instructor  of  Physical  Diagnosis  in  Rush  Medical  College,  Chicago.  220 
pages,  illustrated.     Cloth,  flexible  covers,  $1.25  net. 

'*  A  most  excellent  little  work.  It  arranges  orderly  and  in  sequence  the  various  objective  phenomena 
to  logical  solution  of  a  careful  diagnosis."— y^airwd/  of  MetTous  and  Mental  Diseases. 

American  Text-Book  of  Theory  and  Practice 

American  Text-Book  of  the  Theory  and  Prai-tice  of  Medicine.  Edited 
by  the  late  William  Pei-per,  M.  D.,  LL.  D.,  Professor  of  the  Theorj-  and  Practice 
of  Medicine  and  of  Clinical  Medicine,  University  of  Penna.  Two  handsome  imperial 
octavos  of  about  1000  pages  each.  Illustrated.  Per  volume  :  Cloth,  55.00  net  ;  Sheep 
or  Half  Morocco,  S6.00  net. 

"  I  am  quite  sure  it  will  command  itself  both  to  practitioners  and  students  of  medicine,  and  beconie 
one  of  our  most  popular  text-books."— Alfred  Loomia,  M.  D.,  LL.  D.,  Pro/asor  ej  Pathology-  and 
Practice  of  Medicine.  Uniz-ersity  of  the  City  of  New  Vork. 

Stevens'  Practice  of  Medicine.     Sixth  Edition.  Revised— just  issued 

A  Manual  of  the  Practice  of  Medicink.  By  A.  A.  Stkvens,  A.  M.,  M.  I)., 
Lecturer  on  Physical  Iliagnosis,  University  of  Pennsylvania.  Specially  intended  for 
students  preparing  for  graduation  and  hospital  examinations.  Post-octavo,  519  pages  ; 
illustrated.     Flexible  leather.  S2.00  net. 

"  An  excellent  conden«i.ilion  of  the  essentials  of  medical  practice  for  the  student,  and  may  be  ft>un(l 
also  an  excellent  reminder  for  the  busy  physician." — Bujff'alo  Medical  Journal. 
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